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Quality of movement is an important indicator of post-stroke recovery, but has often been 

ignored by rehabilitation professionals.  In addition, limited measures of movement quality are 

available in clinical and research settings.  Constraint-Induced Movement Therapy (CIMT) has 

been a beneficial stroke intervention during the past two decades, but its effects on quality of 

movement has not been explored.   In this study, the author developed an evaluation form, the 

Essential-Movement Component Evaluation (EMCE) form, based on a combined application of 

the Generalized Motor Program and Eshkol-Wachman Movement Notation (EWMN), measuring 

quality of movement that investigates invariant features for a reaching-grasping-lifting-placing 

task.  For Experiment I, the results showed the EMCE form based on the EWMN method had 

excellent intra- and inter-rater reliability with high intraclass correlation coefficients and low 

standard error of measurement, when three raters graded 20 participants.  With a short training 

and practice session, the raters, even novice investigators, can reliably document movement 

quality using the EMCE form.  For Experiment II, the one-way analysis of variance (ANOVA) 

results demonstrated that people with stroke had less normal movement components and more 

compensatory movements than normal participants.  Among people with stroke, the low-
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functioning group (n= 20; upper-extremity Fugl-Meyer motor scores ≤ 33) utilized less essential 

movement components than the high-functioning group (n= 20; upper-extremity Fugl-Meyer 

motor scores > 33).  Both stroke groups significantly adopted more compensatory movement 

than the normal group (n= 10), but no difference was found between the two stroke groups.  

Underutilized essential-movement components and dominance of compensatory movement can 

provide rehabilitation professional useful information on developing tailored therapeutic 

programs to restore disrupted movement patterns post-stroke.  For Experiment III, after 2-week 

CIMT, the two-group x two-time ANOVA results showed the low-functioning group (n= 30) 

significantly regained more essential movement components than the high-functioning group (n= 

30).  There was no statistically significant treatment effect on compensatory movement.   In 

order to improve movement quality post-stroke, the goals of CIMT training, therefore, need to be 

expanded to increase the function of underused essential-movement components, re-establish 

normal movement sequences, and prevent compensatory movements. 
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CHAPTER 1 
INTRODUCTION 

Background and Significance 

Stroke is the leading cause of long-term disability in the United States.1, 2  Of those 

individuals who sustain a stroke, 66% lose long-term functional ability in their affected arm.3-5  

About 700,000 Americans experience a first or recurrent stroke each year,6 resulting in annual 

direct and indirect costs that are expected to reach $62.7 billion nationwide in 2007.2   Persons 

who sustain a stroke often require an enormous amount of medical care involving acute, 

rehabilitative, and other maintenance types of treatment.  Furthermore, 84% of those who return 

to their homes following treatment are unable to resume work.7  Strokes not only affect the 

person who has had the stroke, but also those who live and work with the individual.  Changes in 

role function, self-perception, quality of life, as well as basic capabilities are apparent after 

stroke.   In light of the foregoing statistics, the widespread occurrence of upper-extremity paresis 

following stroke presents an important challenge for rehabilitation research.   

In this chapter, the author reviews the relevant literature of important topics in stroke 

relevant to this dissertation.  The topics include common movement disorders post-stroke, 

current methodology of movement analysis, quality of movement in Constraint-Induced 

Movement Therapy (CIMT), the Generalized Motor Program theory (GMP), and the Eshkol-

Wachman Movement Notation (EWMN).   

Movement Disorders in Stroke 

The most common impairments contributing to movement dysfunction after stroke are 

muscle weakness,8-11 abnormal muscle tone,9, 11 atypical movement synergy,9, 12, 13, and impaired 

inter-joint coordination. 14-17 
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Muscle weakness.  Muscle weakness is one of the negative signs of CNS injury after an 

individual suffers a stroke.18  Eighty to ninety percent of people with stroke demonstrate 

weakness of muscles.11, 19  Possible factors contributing to muscle weakness post-stroke include 

alterations in the physiology of motor units, notably changes in firing rates and muscle-fiber 

atrophy.8   

Overall, muscle weakness may develop after stroke as a result of deconditioning.  In 

particular, muscle weakness related to stroke paresis may affect one half of the body, including 

the trunk and the extremities.9   In the trunk, muscle weakness can interfere with postural control, 

balance, and the ability to perform movement sequences.20, 21  Weakness in the extremities can 

impede functional use in activities, such as weight bearing and activities of daily living.9, 21   

Abnormal muscle tone. After stroke, alterations in muscle tone are observed.9, 21  Muscle 

tone changes may be leading to flaccidity or spasticity.  Flaccidity or complete loss of muscle 

tone is usually present immediately after the stroke.  Duration of flaccidity is generally short-

lived, lasting hours, days, or weeks.  Prolonged muscular flaccidity post-stroke, however, is 

regarded as a negative indicator for functional prognosis.22        

Spasticity emerges in about 90% of stroke cases and can occur in all muscles.23   Lance 

offered a definition of spasticity that has been generally accepted by physiologists: ‘Spasticity is 

a motor disorder characterized by a velocity-dependent increase in tonic stretch reflexes (muscle 

tone) with exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex, as one 

component of the upper-motor neuron syndrome’11, 24  In other words, spasticity is a state of 

hypereflexia after suffering upper-motor neuron lesions.25, 26        

The existence of spasticity, which arises from injury to corticospinal pathways and occurs 

as part of an upper-motoneuron syndrome usually includes other components, resulting in the 
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term, spasticity syndromes.23  Clinically, spasticity syndromes18, 23, 27-30 contain increased 

resistance to passive movement, clasp-knife response, ankle clonus, flexor/extensor spasms, and 

excessive muscle cocontraction.    The effects of spasticity include restricted voluntary 

movement and static posturing of the limbs.31  Individuals with persistent spasticity post-stroke 

tend to have less functional recovery32-34 and spend longer time in rehabilitation18 than the 

persons without spasticity.  

Atypical or pathological movement synergy.  Synergy is defined as the action of 

muscles working together in a fixed spatial and temporal relationship producing a coordinated 

and functional movement.35  Injury to the central-nervous system, such as stroke may affect 

synergistic organization of movement.   

Following stroke, movements are often limited to patterns of stereotyped atypical or 

pathological movement synergy.  There are two distinct atypical synergy patterns for each 

extremity: flexion synergy and extension synergy (Table 1-1).12, 36  Performing a dynamic 

activity, such as reaching for an object and walking may elicit these pathological synergy 

patterns.  Muscles involved in pathological synergy patterns are often so closely connected that 

selective movements outside the synergistic patterns become impossible.  For instance, bending 

the elbow to touch the chin may result in shoulder flexion, abduction, and external rotation.  

According to Brunnstrom’s clinical observation, however, recovery of stroke may follow a 

stereotyped sequence, which includes six stages.12  As recovery progresses, the atypical 

movement synergies begin to dissipate and lose their dominance over actions after individuals 

have learned more voluntary movement.  Active selective control of the affected body parts then 

become achievable.9, 12, 13  For example, an individual with a stroke moves the arm from 0° to 

90° of shoulder flexion when keeping the elbow straight and the forearm fully pronated.  An 
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indication of synergy-free movement is that the elbow and forearm shall be able to maintain their 

required positions while the arm is moving to 90° of shoulder flexion.   

Impaired inter-joint coordination.  Inter-limb incoordination is a major impairment of 

motor control following a stroke.  Coordination is defined as “ability to control one’s movement 

properly,”37 “a behavior of two or more degrees of freedom in relation to each other to produce 

skilled activity,”38 and “accurate timing of activity onset in different muscles.”39   

The common manifestations of impaired inter-limb coordination reported in previous 

studies of individuals with stroke include incorrect timing of muscle activation,14, 21, 40, 41 

slowness of movement,15, 42-44 segmented movement,15, 42, 43 variable arm movement,42, 44 larger 

movement errors,42 and recruitment of extra degrees of freedom (i.e. compensatory movements 

from other body parts).15, 42, 43, 45   

Current Methodology of Movement Analysis   

Scientists, clinicians, and engineers have developed various methods and equipment to 

study movement deficits and functional recovery post-stroke.  In this section, the relevant 

literature concerning contemporary methodology of movement analysis used for stroke research 

will be reviewed.  The advantages and disadvantages of these methodologies will be discussed.  

The methodology for investigating movement deficits after stroke can be divided into two main 

categories: qualitative and quantitative methods.46    

Qualitative methods. These are defined as nonnumeric evaluations of motion using visual 

observation and video analysis.  

Observation. Therapists typically use observation to evaluate movement of stroke patients 

in clinical rehabilitation settings.12, 13, 21  Common parameters of observation include atypical 

synergy patterns, postural symmetry, static/dynamic balance, and gait patterns.36  For instance, 

post-stroke atypical synergy is an abnormal stereotyped movement pattern.  There are two major 
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types of pathological synergy patterns in the extremities (Table 1-1): flexion synergy and 

extension synergy.47  Brunnstrom12 suggested that the recovery of motor function after stroke 

follows characteristic stages.  In the later stages, patients are able to make movements out of 

synergy.12  Out of synergy indicates increased selective/voluntary control of the paretic body.  

Clinicians document the progress of synergy movement patterns as an indicator of improvement. 

Video/photographic analysis. Video or photographic analysis is a common research 

method of motion analysis used in rehabilitation clinics and research facilities.  After videotaping 

or taking pictures of patient’s movements, therapists or researchers can further evaluate quality 

of movement.   Reflective markers on specific anatomical landmarks, for instance joint and bone 

prominences, can assist the observation of body parts and positions.  Recently, Bukowski48 

developed a movement analysis procedure, analyzing the range-of-motion and the muscles 

involved in daily activities.  The procedure requires participants to expose the region of interest 

and to repeatedly perform an activity to determine appropriate body landmarks.  After placing 

body markers on each subject, evaluators can measure range-of-motion and infer involved 

muscles from changes of joint position in video clips.  Bukowski’s method finely integrates 

kinesiology with representative activities of daily life, but the procedure of analysis can be time-

consuming.  In addition, requiring repetitive performance and physical exposure may cause 

inconvenience and subject fatigue, thus hindering clinical feasibility. 

Quantitative methods. These are defined as numeric evaluations of motion, based on data 

collected during the performance46, such as biomechanics and motor function scales. 

Biomechanical analysis.  Biomechanists apply the theory of mechanics and physics to a 

biological system to analyze the movement of an organism and the effect of forces on the 

organism.46  Biomechanical analysis includes two main aspects: kinematics and kinetics.  
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Kinematics is a study that focuses on movement characteristics and spatial/temporal perspectives 

of movement without considering the forces involved in the movement.  A kinematic analysis 

involves describing a movement in terms of its position, velocity, and acceleration.  Kinetics is 

concerned with forces acting on a system.  The common research parameters in biomechanics 

can include speed, direction, force, moment, and torque.46  Biomechanical methods are heavily 

dependent on data collection using laboratory equipment.  Electro-goniometers, accelerometers, 

and imaging techniques are frequently used for kinematic analysis.49  Kinetic analysis 

necessitates use of force transducers and force plates.49  Furthermore, processing the collected 

data often requires sophisticated algorithms, mechanical models, or computer software.      

Motor function scales. In order to quantify human movement, numerous motor function 

scales have been developed, for example, the Functional Ability Scale(FAS) in the Wolf Motor 

Function Test (WMFT),50 the Quality of Movement Scale in the Motor Activity Log,1 Chedoke 

Arm and Hand Activity Inventory,51-53 and the Reaching Performance Scale.54  Motor function 

scales are designed using ordinal rating categories, which assign scores from low to high with 

specific descriptions to indicate increase or decrease of motor function.  For instance, the 

Functional Ability Scale in the Wolf Motor Function Test is a 6-point scale ranging from 0 (Does 

not attempt with the involved arm) to 5 (Does attempt with the involved arm and the movement 

appears to be normal).    Ordinal motor function scales are used extensively in studies of stroke 

intervention effectiveness.54-58  

Qualitative methods have some advantages over quantitative methods for describing post-

stroke movement.  Qualitative methods are more flexible, feasible, convenient and less costly 

than quantitative methods.59  The limitations of qualitative methods, however, include lack of 

precision, reliability, and validity.60, 61  Moreover, subjective, narrative information from 
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qualitative analysis is typically obtained under less controlled, and less structured conditions than 

those for quantitative analysis.62  Many of the conventional quality of movement measurements 

focus on a specific aspect of impairment rather than the wide range of issues which arise from 

compromised movement.  For instance, both Brunnstrom’s notion of hemiplegic limb synergies12 

and Bobath’s concept of abnormal movement patterns combined with abnormal postural tone13 

have a tendency to emphasize specific movement impairment.  Their specification of movement 

impairment mainly targets the affected limbs, without considering associated compensatory 

movements of the body.  There is, therefore, a need for further research to develop a more 

comprehensive and clinically feasible measurement method to systematically analyze quality of 

movement. 

Quantitative methods, such as biomechanics for example, can have greater accuracy, but 

their cost and time consuming nature make these methods only feasible in a laboratory 

environment.    The sophisticated systems of movement analysis can be used to identify 

parameters of normal movement, and are sometimes used in research.  The required equipment, 

however, is expensive, needs considerable expertise for its operation, and the volume of data 

produced can often be overwhelming.63  The derivatives from advanced calculations of 

biomechanical parameters can actually generate great confusion and difficulty for clinicians 

without providing sufficient direct information about the movement.  Most of the stroke 

intervention studies focus mainly on aspects of movement deficits as measured by movement 

speed and accuracy. 1, 50, 64-71  These aspects do not give insight into the interaction of body parts 

that produce them.  Motor function scales are feasible and helpful for healthcare providers, but a 

statistically significant change of averaged scores can merely indicate an incremental change 

along that scale72 and provide limited information about improvement in function and quality of 
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movement.  For example, evaluators are unable to explain what the actual movement 

improvement is when there is a statistically significant change in averaged FAS score of WMFT 

from 2.5 to 3.6.      

Developing a measurement template to measure quality of movement, therefore, is 

beneficial to our understanding of post-stroke movement after intervention.  In the next section, 

this need in stroke assessment is further illustrated by using examples from Constraint-Induced 

Movement Therapy (CIMT) research.  CIMT has been acknowledged as an effective stroke 

intervention during the last two decades.    

Quality of Movement in Constraint-Induced Movement Therapy 

During the past two decades, Constraint-Induced Movement Therapy (CIMT)1, 67, 68 has 

been developed by Taub, Wolf and others.  CIMT is mainly used in the post-stroke population.  

The hypothesis of CIMT is that restraint of the less-affected upper-extremity will force the more-

affected extremity to overcome the phenomenon of “learned nonuse.”66, 67  Based on animal 

studies in which primates received surgical deafferentation of one upper-extremity, “learned 

nonuse” was defined as “an adverse learning cycle caused by unsuccessful motor attempts with 

the deafferented arm that resulted in pain, failure or uncoordinated movements.”1  The ultimate 

goals of CIMT are to break the adverse “learned nonuse” cycle and to improve functional use of 

the affected upper-extremity.   

Constraint-Induced Movement Therapy has two main components: 1) restraint of the less-

affected upper-extremity for 90% of waking hours to force the use of the affected upper-

extremity, and 2) extensive practice with the affected upper-extremity.  To date, the effectiveness 

of CIMT intervention and its promising results have been widely discussed in the literature.1, 50, 

64-70  No studies, however, directly address the impact of CIMT on quality of movement.   
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Assessment of quality of movement: Wolf Motor Function Test.  The Wolf Motor 

Function Test (WMFT)50 is one of the primary outcome measurements reported in CIMT studies.  

Originally, the 15 timed tasks of the WMFT are arranged in an order based upon biomechanical 

complexity and progress from proximal to distal joint involvement.  A recent pilot study of the 

WMFT using Rasch measurement, conducted by Wen and Velozo (unpublished) in 2003, 

however, has shown a different order of task difficulty.  This indicates that Wolf’s conceptual 

task complexity is not reflected in participants’ responses.  For example, the last task, Lift Basket, 

which was supposed to be the most difficult task of WMFT became the second difficult task.  

The WMFT quantifies upper-extremity movement ability through timed single- or multiple-joint 

motions and functional tasks.  The results of the WMFT are reported on two forms: average time 

and average functional-ability scores (Table 1-2).  Researchers report CIMT as effective and 

clinically meaningful when individuals post-stroke significantly decrease average time or 

increase average functional-ability scores.50, 64, 65, 67, 68, 71-74  Decreased time to perform a task 

tends to indicate improved efficiency of movement according to CIMT literature.1, 50, 64-71 Recent 

biomechanical studies of reaching/grasping movement in stroke populations,42, 43, 45, 75 however, 

raise some controversial questions: Is a faster movement a better movement?  Do patients with 

stroke recover their pre-stroke movement after CIMT?  Do patients with stroke adopt 

compensatory strategies to perform tasks more efficiently after CIMT?  In the study by Cirstea, 

Ptito and Levin, decreased movement time after training in moderate-to-severe hemiparesis may 

be ascribed to adopting compensatory movements as the optimal solution to improve movement-

outcome measurements.75  There is, however, minimal information available regarding using 

compensatory strategies to improve performance during CIMT. 
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Moreover, regarding improved functional-activity scores of the WMFT after CIMT, 

averaged ordinal-scale scores of the 15 tasks provide very limited information about actual 

improvement of movement.76  If the scores change from rating category 2 to 4 after CIMT, does 

it mean the improvement is doubled?  What are the factors that contribute to the improvement of 

scores?   Interpreting scores changing from 2 to 4 as a 100% functional improvement would be 

erroneous.  Inappropriately interpreting results from the ordinal motor-function scales may cause 

potential distortion or bias of inference.  Bonifer et al.72 suggested that future CIMT studies 

should evaluate the relationships between changes on standardized assessments of motor 

function and improvements in everyday function.   

In the present research, the questions raised above about CIMT intervention regarding 

quality of movement were investigated by analyzing a complex movement selected from the 

WMFT.  Quality of movement is clearly defined and the results are clearly presented.            

Definition of Quality of Movement Used for People Post-Stroke    

Both rehabilitation professionals and individuals post-stroke want to work towards and 

accomplish well-controlled, normal looking movements.  Studying quality of movement, 

therefore, is important to clinicians and researchers.  Quality of movement, however, has not 

been systemically measured, and in fact, the definition of quality of movement continues to be 

controversial.  The common indicators of quality of movement in the literature include: 

coordination of inter-limb movements, movement time, linear displacement, linear velocity, 

linear acceleration, angular displacement, angular velocity, angular acceleration, force, and 

moment of force. 17, 44, 45, 75, 77  In addition, some researchers consider that efficiency of 

movement is a representation of quality of movement.78  An efficient movement with high 

movement quality is the one that fulfills a specific purpose with movement economy at the 

required speed and with the least energy expenditure.79-81  The description of quality of 
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movement, therefore, appears to differ widely among professionals.  In Pomeroy’s study, ten 

experienced physical therapists were asked to grade the quality of movements of people with and 

without stroke, based on their performance of six standardized functional tasks, using a 100-mm 

visual-analogue scale.  Their intriguing results suggested that substantial disagreement existed 

among therapists in grading movement quality.  In contrast, no significant discrepancy was 

found between the grading scores of the same therapist at two separate viewing times.  The 

meaning of movement quality, therefore, may be consistent within an individual therapist but 

discrepant between therapists.    

Definition of quality of movement.  Prior to investigating post-stroke movement quality, 

establishing a reference point for quality is necessary.  Generally speaking, the consensus of 

rehabilitation professionals in regard to this reference point is “normal movement.”82   Normal 

movement is the movement observed in people with no previous neurological disorders that may 

affect movement execution.83  Moreover, normal movement has been a basis for treating 

neurologically-injured individuals.13, 14, 47  Assessing impairment and designing its appropriate 

intervention, therefore, depends on a thorough understanding of normal movement.   

In the current research, this author defines quality of movement as movement component 

and strategy.  Through direct observation coupled with the use of a coherent movement analysis 

system, clinicians and researchers can then identify the movement composition (i.e. movement 

components) and sequence.    When therapists recognize specific aspects of a particular skill and 

movement sequence of a task,84 the information will assist clinicians and researchers in assessing 

progress of recovery and developing rehabilitation programs. 

After defining quality of movement, the following sections focus on 1) the essentials of 

normal human movement based on the Generalized Motor Program theory, which was the 
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central framework of this research, and 2) the Eshkol-Wachman Movement Notation (EWMN), 

an assessment tool used in this research to develop a movement quality analysis form.  

Generalized Motor Program Theory: The Research Framework  

In order to study quality of movement in normal people and people with stroke, the GMP 

theory was employed throughout this research.  The clarity of this theory allows us to establish 

the essentials of human movement. 

The GMP theory,38, 85 a theory that provides an explanation for the motor control and 

motor learning of both rapid and slow movements, was proposed by Schmidt in 1975.   Since 

then the GMP theory has been extensively discussed in the studies of cognitive psychology, 

neuroscience, motor development, physical therapy, and occupational therapy.86   The GMP 

theory was proposed as a theoretical structure to explain various responses of a movement that 

share invariant features, such as the sequencing of submovements, relative timing, and relative 

forces.  Actions controlled by the same GMP differ from each other in the assignment of variant 

movement parameters, for instance absolute time, absolute force, and selection of effectors.38, 85, 

86  In light of the GMP theory, invariant submovements in a fixed movement sequence can be 

identified when different individuals execute the same activity.    

For instance, the reach/grasp action is a task frequently investigated in studies of upper-

extremity motor function.  The essential invariant features have been extensively discussed.   In 

order to accomplish the reach/grasp action, an individual has to execute a sequence of 

submovements.  These include eye/head movement that responds to the location of a targeted 

object, hand reaching out, hand opening, and grasping.  These submovements are invariant 

among different individuals.  According to GMP theory, what makes movement look different is 

how fast or how forcibly people move.   
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Another classic example of the GMP theory demonstrated by Lashley is handwriting.38, 87  

Two right-handed, blindfolded individuals were asked to write the words “motor equivalence” 

with their right hand (the dominant hand), their left hand (the non-dominant hand) and their teeth.  

The results showed that even when writing with different effectors or in different speed and size, 

certain aspects of the written words appeared to be invariant, for instance, the shapes of the 

letters.    

The invariant features of the GMP theory, therefore, can serve as a research framework in 

studying quality of movement.  When the invariant features of movement in people without 

stroke can be distinguished, healthcare providers will be able to clearly and effectively pinpoint 

the impairment of motor control in people with stroke. 

A Comprehensive Approach of Movement Analysis: Using Eshkol-Wachman Movement 
Notation 

Understanding the fundamental deficits of movement in individuals post stroke is crucial 

for the development of effective rehabilitative interventions.  In the present research, the author 

examined post-stroke movement deficit using a comprehensive approach that contained two 

modes of assessment.    

First, the author considered the whole body as one functional unit.  Therefore, by using 

whole-body movement analysis, affected and less affected body parts will be considered at the 

same time.  Knowing the limitations of upper-extremity function in an impaired limb is central 

but knowing the influence of the less-affected body parts is also beneficial to understand the 

interactions between different body parts.  Second, the author analyzed post-stroke movement as 

a multifaceted process, which took into account the sequence of submovements.  Examination of 

a movement included a beginning, middle, and end point in its discrete parts and overall sum.  
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This approach provided further insight about the conditions and challenges facing patients post-

stroke when executing an activity. 

As of today few systematic methods of whole-body motion analysis are available for 

clinicians or researchers in stroke rehabilitation.  Existing systems may be able to define, 

describe, and distinguish the different types of movement, but these standardized methodologies 

apply to only the body segment most affected by the stroke.  In addition, these analyses are most 

often end-point measurements.  When studying movement deficits following stroke, 

biomechanical researchers mainly give attention to partial views of a movement, without 

considering involvement of other body parts.17, 43, 45, 75, 77, 88, 89  Analyzing movements for the 

changing interrelationship of whole-body parts, hence, can yield an increased understanding of 

human movement.  A comprehensive view of movement could help identification of the often 

dysfunctional movement parameters seen post-stroke.  In order to implement this comprehensive 

approach, the author chose the EWMN90-92 method as the evaluation tool.  

Eshkol-Wachman Movement Notation (EWMN).  EWMN90-92 is a movement language 

developed in Israel by professors Noa Eshkol and Avraham Wachman.  In the literature of 

human and animal behavior, EWMN has been shown to effectively describe various aspects of 

movement, such as time, speed, direction, magnitude, limb position, inter-limb spatial 

relations/coordination, sequence and trajectory.93-97  Although EWMN is not currently a widely 

known or accepted method to analyze movement in stroke rehabilitation, some research 

scientists have pointed out the benefits of utilizing this useful tool.  Teitelbaum94, 97 and 

Whishaw93, 96 have utilized EWMN in their research, with the understanding that observing and 

noting movement as a multifaceted sequence can bring forth helpful insights about brain function 

and recovery. 
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EWMN is a simple geometrical model, which is compatible with the structure and function 

of the human body in motion.  In EWMN, each limb is reduced to its longitudinal axis, an 

imaginary straight line of unchanging length.  A “limb” doesn’t refer to merely arms and legs, 

but to any part of the body, which lies between two joints or is a mobile extremity attached to a 

joint.  Thus, the head, neck, trunk, pelvis and the fingers each consider as a “limb.”  The 

movements of a single axis of constant length, which is free to move about its fixed end, are 

always enclosed by a sphere.  Therefore, when a limb moves, it follows curved paths on the 

surface of such a sphere.  In order to define such data, coordinates are ascribed to the sphere in a 

way analogous to latitude and longitude of the geographic globe.  The horizontal plane (Figure 1-

1A) of the sphere is parallel to the ground.  One direction on this plane is chosen as a starting 

position/direction for all measurements.  When the measuring unit is 45 degrees, eight 

positions/directions are obtained.  Vertical planes (Figure 1-1B) are perpendicular to, and 

intersect with these horizontal directions. The intersections of horizontal and vertical planes are 

defined as positions on the EW sphere.  The EW sphere is referred to as the System of Reference 

(SoR).90-92  When one unit of movement is 45 degrees, 26 positions are defined on the 

SoR.(Figure 1-2)   In EWMN, all movements are reduced to three types: plane, conical and 

rotatory movements according to the angular relationship between the axis of movement and the 

initial position of the limb.90, 92  The advantages of using the EWMN method include:  

1. EWMN can systematically record and measure whole body movements, without 

depending on expensive equipment and complicated computer software analyses.  The 

equipment needed for EWMN analysis are a video camera, TV monitor, VCR, or DVD recorder 

and DVD player.   
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2. EWMN can directly investigate the prime mover of any movement.  In any movement 

the limbs of the body are characterized as either “active” or “being carried”.  In EWMN, the 

movements of passively carried limbs (“light limb”) are influenced by the actual active moving 

limbs (“heavy limb”).  The spatial changes of the light limb are simply secondary products of the 

heavy limb’s movement.   Researchers often pay attention to the light limb although the heavy 

limb is doing the movement.  For instance, when an individual with stroke reaches for a target on 

the table, the major research interest is often about whether the hand can touch the target as fast 

as possible.  Which body part actually moves (heavy limb) seems less important than completion 

of the task.  The patient can just use the trunk (heavy limb) to carry the hand (light limb) to the 

target and still succeed in the task.   Examining the movements of the heavy limb can readily 

show actual body parts that are recruited for execution of an activity.  The movement of the 

heavy limb (prime mover), therefore, was the focus of this investigation.  

3. In EWMN the exact sequence of human movement pattern can be analyzed by frame-

by-frame analysis.  The essential components of a movement can then be readily determined.   

Although EWMN has been shown to be an effective and efficient method to study human 

movement, its reliability has not been quantitatively determined.  In order to justify the 

reproducibility and dependability of the EWMN method in the field of movement analysis, the 

tests of its intra-rater and inter-rater reliability are required.  . 

Research Aims and Hypotheses 

The overall aims of this research were: 1) to determine, for the first time, the reliability of a 

movement analysis chart using the EWMN90-92 method, 2) to investigate invariant features of a 

reaching-grasping-lifting-placing task for those with and without stroke, 3) to examine the 

change in movement quality of a reaching-grasping-lifting-placing task following CIMT 

intervention in terms of invariant features, including movement sequences, components and 
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strategies, and 4) to systematically characterize the compensatory movements observed in people 

with stroke while performing a reaching-grasping-lifting-placing task.  

Experiment I 

General aim 1. Development of a movement analysis form using the Eshkol-Wachman 

Movement Notation method and establishment of its reliability  

Specific aim 1. To develop a movement analysis form, the Essential-Movement 

Component Evaluation (EMCE) form, to measure movement quality of the “Lift Basket” task  

Specific aim 2. To establish, for the first time, intra-rater and inter-rater reliability of the 

EWMN method when using the EMCE Form.” (see Appendix B) 

Hypothesis 1. All the three raters in the intra-rater reliability test will show an excellent 

intraclass correlation coefficient (ICC) value, which exceeds .75,98-100 between two separate 

testing times.  

 Hypothesis 2. The result of the inter-rater reliability test will show an excellent ICC 

value, which exceeds .75,98-100 among the three raters. 

Experiment II 

General aim 2. Comparison of movement between persons with and without stroke in 

terms of movement components, sequence and strategy    

Specific aim 3. To determine the differences between the control and two stroke groups in 

terms of the score of essential-movement components and movement sequence identified by the 

EMCE form in a reaching-grasping-lifting-placing task.  The essential-movement components 

identified in persons without stroke are the ten consecutive actions required for accomplishing 

the “Lift Basket” task. (See Appendix A: Pilot Study 2 for the details of how the ten essential-

movement components were identified.)   
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Hypothesis 3. Ten essential-movement components of the “Lift Basket” task in the 

WMFT 1, 50, 64, 65, 101 that were previously identified by EWMN will appear among all control 

group participants, but will be observed less in participants with stroke.   

Hypothesis 4. For participants with stroke, the high-functioning group will preserve 

greater scores of essential-movement components than the low-functioning group in the “Lift 

Basket” task. 

Hypothesis 5. The control group participants will initiate the “Lift Basket” task with 

proximal body parts progressing to distal body parts; whereas, participants post-stroke will 

initiate the task with proximal body parts and only recruit proximal body parts to complete the 

task.  

Experiment III         

General aim 3. Determination of quality of movement changes after the intervention of 

Constraint-Induced Movement Therapy 

Specific aim 4. To examine the “Lift Basket” task after CIMT in terms of essential-

movement components, movement sequence, and strategy. 

Hypothesis 6. During the pre-test evaluation the high-functioning stroke group will 

preserve more essential-movement components of the “Lift Basket” task than the low-

functioning stroke group.    

Hypothesis 7. After receiving the 2-week CIMT intervention, both the high-functioning 

and low-functioning stroke groups will show significant improvement in the scores of essential-

movement components.   

Hypothesis 8. After receiving the 2-week CIMT intervention, the low-functioning stroke 

group will show more movement improvement in terms of total scores of essential-movement 

components, as compared with the high-functioning stroke group.      
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General aim 4. Characterization of compensatory movement in persons with stroke  

Specific aim 5. To systematically categorize compensatory movements observed from the 

“Lift Basket” task in people with stroke.  

Hypothesis 9. After 2-week CIMT intervention, the stroke groups will have less 

compensatory movement as compared with pre-test while performing the “Lift Basket” task. 

(See Appendix B. EMCE form for explanation of compensatory movement.) 

Summary  

The rationale of CIMT suggests that the “learned nonuse” developed in people with stroke 

may be reversed by stressing the interaction between the affected and less affected upper-

extremity.  Constraint on using the less affected upper-extremity may force the use of the 

affected upper-extremity and promote its function.  The manner in which CIMT examines 

quality of movement, however, has yet to consider movement sequence, movement strategy and 

whole-body movement analysis.  Instead, the outcome measures used reveal limited information 

about post-stroke movement, opting to measure quality of movement in terms of how patients 

score on a 6-point ordinal scale of the Wolf Motor Function Test (WMFT).102   

In the current research, therefore, the author sought to have a more inclusive understanding 

of a complex movement in the WMFT through analyses of invariant movement features as 

defined in the GMP theory.  In addition, the author took a comprehensive approach using 

EWMN that emphasized the whole-body movement analysis and whole procedure of movement 

to investigate the changes of movement quality after the CIMT intervention.     
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Table 1-1. Atypical synergy movement patterns of extremities observed in people with stroke     
  Flexion Synergy Extension Synergy 

Scapular retraction/elevation or hyperextension Scapular protraction 
Shoulder abduction, external rotation Shoulder adduction, internal rotation 
Elbow flexion Elbow extension 
Forearm supination Forearm pronation 

Upper extremity 

Wrist & finger flexion Wrist & finger flexion 
Hip flexion, abduction, external rotation Hip extension, adduction, internal rotation
Knee flexion Knee extension 
Ankle dorsiflexion Ankle plantarflexion, inversion 

Lower extremity 

Toe dorsiflexion Toe plantarflexion 
 
Table 1-2. Wolf Motor Function Test: Functional Ability Scale 
Rating Description 
0 Does not attempt with involved arm. 

1 Involved arm does not participate functionally; however, attempt is made to use the arm.  In unilateral 
tasks the uninvolved extremity may be used to move the involved extremity. 

2 
Does, but requires assistance of uninvolved extremity for minor readjustments or change of position, 

or requires more than two attempts to complete, or accomplishes very slowly.  In bilateral tasks the 
involved extremity may serve only as a helper or stabilizer. 

3 Does, but movement is influenced to some degree by synergy or is performed slowly and/or with 
effort. 

4 Does; movement is close to normal*, but slightly slower; may lack precision, fine coordination or 
fluidity. 

5 Does; movement appears to be normal*. 
* = for the determination of normal the uninvolved limb can be utilized as an available index for comparison, with 
pre-morbid limb dominance taken into consideration. 
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Figure 1-1. Two fundamental planes of EW sphere 

 

 

 

 

 

 

 

 

 

Figure 1-2. The 26 positions on SoR when one unit of movement is 45° 
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CHAPTER 2 
DEVELOPMENT AND RELIABILITY OF THE ESSENTIAL MOVEMENT COMPONENT 

EVALUATION FORM USING ESHKOL-WACHMAN MOVEMENT NOTATION 

Introduction 

Movement quality is an important aspect in our daily life.103  Physical education teachers 

use quality of movement to evaluate student performance.  Athletes rely on the analysis of 

movement quality to improve their technique and pursue perfect performance.  Dancers strive for 

a smooth and coordinated movement based on the qualitative performance.  So do people 

following a stroke.  After our clients can perform certain representative functional activities, 

such as walking and reaching, improvement in quality of these movements becomes their next 

ultimate goal.  A movement with poor quality may impede the use of the affected extremities, 

and may adversely affect self image and further hamper social participation.104 

Quality of movement, nevertheless, is an aspect that has not been extensively explored in 

stroke rehabilitation.  Possible reasons for ignoring movement quality assessment can be the 

current emphasis on a functional treatment approach,17, 75, 88, 105 lack of agreement on the 

definition of movement quality,63 and the lack of measurements available to describe changes of 

movement quality.106, 107  Currently, therapists and researchers may pay more attention to 

successful and fast performance of a task rather than to how the movement is executed.108  In 

addition, a functional treatment approach can lead to greater improvement in quantitative 

measures than a traditional neuromuscular approach, which emphasizes normality of 

movement.109  Clinicians and researchers seem to have an implicit knowledge about quality of 

movement.63  Generally speaking, the consensus of rehabilitation professionals in regard to this 

reference point is “normal movement.”82   Normal movement is the movement observed in 

people with no previous neurological disorders that may affect movement execution.83  
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Moreover, normal movement has been a basis for treating neurologically-injured individuals.13, 14, 

47 

In order to investigate post-stroke quality of movement, the invariant features of the 

Generalized Motor Program (GMP) theory can serve as the research framework in this study 

since the clarity of this theory allows us to establish the essentials of human movement.  The 

GMP theory,38, 85 a theory that provides an explanation for the motor control and motor learning 

of both rapid and slow movements, was proposed by Schmidt in 1975.   Since then the GMP 

theory has been extensively discussed in the studies of cognitive psychology, neuroscience, 

motor development, physical therapy, and occupational therapy.86   The GMP theory was 

proposed as a theoretical structure to explain various responses of a movement that share 

invariant features, such as the sequencing of submovements, relative timing, and relative forces.  

Actions controlled by the same GMP differ from each other in the assignment of variant 

movement parameters, for instance absolute time, absolute force, and selection of effectors.38, 85, 

86  Invariant submovements, in a fixed movement sequence, can be identified when different 

individuals execute the same activity.  According to the GMP theory, quality of movement in 

this study is defined as specific aspects of movement, including movement components, 

sequence, and strategy.84  A movement of good quality is one that approximates normal 

movement.82, 83 Studying invariant features (i.e. movement component, sequence and strategy) of 

post-stroke movements can provide important information regarding the impact of stroke on 

motor programming.   

Biomechanical methods may be useful to explore quality of movement, but the 

requirement of expensive equipment and complicated computer software analyses can make this 

application very difficult in clinical settings.  Developing a clinically feasible and reliable 
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method to measure quality of movement would, therefore, provide a means for clinicians to 

report valuable information.  In this study, the Eshkol-Wachman Movement Notation (EWMN) 

was introduced to provide an effective and economical method.    EWMN90-92 is a movement 

language developed in Israel by professors Noa Eshkol and Avraham Wachman.  In the literature 

of human and animal behavior, EWMN has been shown to effectively describe various aspects 

of movement, such as time, speed, direction, magnitude, limb position, inter-limb spatial 

relations/coordination, sequence and trajectory.93-97  EWMN was the assessment tool used in this 

study to develop an evaluation form based on a combined application of GMP38, 85 and 

EWMN,90-92 measuring quality of movement that investigates invariant features for a reaching-

grasping-lifting-placing task.. 

The aims of this study were to 1) develop the Essential-Movement Component Evaluation 

(EMCE) form for a reaching-grasping-lifting-placing task in WMFT using the EWMN method, 

and 2) to determine the intra- and inter-rater reliability of the EMCE form for a reaching-

grasping-lifting-placing task. 

Methods 

Development of The Essential-Movement Component Evaluation Form Using EWMN  

The movement task selected for this study was the “Lift Basket” task of the WMFT.  The 

WMFT is a standardized test and one of the primary outcomes in the CIMT studies.1, 50, 57, 58, 64, 

67, 68, 74, 101  The WMFT consists of a series of 15 timed tasks and two strength tasks that are 

performed in either a sitting or standing position.  The 15 tasks are arranged in order of 

biomechanical complexity according to the joints involved and the level of difficulty.  The tasks 

progress from proximal to distal joint involvement and from gross to fine motor skills.50  A 

recent pilot study of  the WMFT using Rasch measurement, conducted by Wen and Velozo 

(unpublished) in 2003, however, has shown a different order of task difficulty.  This indicates 
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that Wolf’s conceptual task complexity is not reflected in participants’ responses.  For example, 

the last task, Lift Basket, which was supposed to be the most difficult task of WMFT became the 

second difficult task.   The WMFT quantifies upper-extremity movement ability through timed 

single- or multiple-joint motions and functional tasks.50   

The last task in the WMFT, “Lift Basket,” is regarded as a complex task that demands 

efforts from multiple body systems, such as muscle strength, dynamic/standing balance, and 

inter-limb coordination.  As compared with a simple activity, such as reaching for an object on a 

table, “Lift Basket” is a representative activity with greater difficulty in our daily life.  This task 

requires involvement from the whole body.  Studying this task, therefore, can show how one 

body part interacts with others during movement.  Moreover, the “Lift Basket” task is an “out of 

synergy” movement that can target the limitation people with stroke have when performing a 

reaching and lifting task.88    

“Lift Basket” task 

The set-up of the “Lift Basket” task included a basket, a desk (29” high) located in front of 

the participant and a bedside table (44” high) located on the participant’s side to be tested. (see 

Figure 2-1)  The bedside table extended along the width of the desk. The basket was placed on 

the desk and lined up with the center of the participants’ body.  A three-pound weight was placed 

in the basket.  Participants were tested in a standing position while facing the desk. The set-up of 

the “Lift Basket” task is illustrated with its starting position (Figure 2-1A) and ending position 

(Figure 2-1B).  The task description was “Patient attempts to pick up basket by grasping handle 

(from underneath the handle) and placing the basket on far edge of the rolling bedside table.”  

All participants were asked to “Pick up the basket with your hand and place the basket on the 

rolling table.  The far edge of the basket should go past the far edge of the bedside table.  Try not 

to move your feet while you do this task.  Do this as quickly as you can.”102  The subject’s 
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movement progression was videotaped from a front view.  Participants’ video tapes were then 

converted to DVD in digital format using a Panasonic DVD recorder (model DMR-E95HS) for 

further analyses of EWMN. 

Eshkol-Wachman Movement Notation 

EWMN90-92 is a movement language developed in Israel by professors Noa Eshkol and 

Avraham Wachman.  In the literature of human and animal behavior, EWMN has been shown to 

effectively describe various aspects of movement, such as time, speed, direction, magnitude, 

limb position, inter-limb spatial relations/coordination, sequence and trajectory.93-97  Although 

EWMN is not currently a widely known or accepted method to analyze movement in stroke 

rehabilitation, some research scientists have pointed out the benefits of utilizing this useful tool.  

Teitelbaum94, 97 and Whishaw93, 96 have utilized EWMN in their research, with the understanding 

that observing and noting movement as a multifaceted sequence can bring forth helpful insights 

about brain function and recovery. 

EWMN is a simple geometrical model, which is compatible with the structure and function 

of the human body in motion.  In EWMN, each limb is reduced to its longitudinal axis, an 

imaginary straight line of unchanging length.  A “limb” doesn’t refer to merely arms and legs, 

but to any part of the body, which lies between two joints or is a mobile extremity attached to a 

joint.  Thus, the head, neck, trunk, pelvis and the fingers each consider as a “limb.”  The 

movements of a single axis of constant length, which is free to move about its fixed end, are 

always enclosed by a sphere.  Therefore, when a limb moves, it follows curved paths on the 

surface of such a sphere.  In order to define such data, coordinates are ascribed to the sphere in a 

way analogous to latitude and longitude of the geographic globe.  The horizontal plane (Figure 2-

2A) of the sphere is parallel to the ground.  One direction on this plane is chosen as a starting 

position/direction for all measurements.  When the measuring unit is 45 degrees, eight 
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positions/directions are obtained.  Vertical planes (Figure 2-2B) are perpendicular to, and 

intersect with these horizontal directions. The intersections of horizontal and vertical planes are 

defined as positions on the EW sphere.  The EW sphere is referred to as the System of Reference 

(SoR).90-92  When one unit of movement is 45 degrees, 26 positions are defined on the 

SoR.(Figure 2-3)   In EWMN, all movements are reduced to three types: plane, conical and 

rotatory movements according to the angular relationship between the axis of movement and the 

initial position of the limb.90, 92  EWMN can provide a systematic and whole-body movement 

analysis to determine movement components, sequence and strategy. 

Participants 

Sixteen participants were included to develop the Essential-Movement Component 

Evaluation Form, including 8 participants without stroke (age range: 50~79 y/o; mean age: 70 

y/o; 4M/4F) and 8 participants with stroke (age range 37~84 y/o; mean age: 64.8 y/o; 5M/3F).  

All participants were randomly selected from four CIMT studies that were conducted at the 

Department of Physical Therapy, University of Florida and the Brain Rehabilitation Research 

Center, Malcom Randall Veteran Affairs Medical Center, Gainesville, Florida.  Participants’ 

video tapes of the “Lift Basket” task were first converted to DVD in digital format using a 

Panasonic DVD recorder (model DMR-E95HS).   

Essential-Movement Component Evaluation form 

In the laboratory, the author, a physical therapist with three-year EWMN training 

experience, played video clips frame-by-frame (30 frames/second) using a Pioneer DVD player 

(model DVD-V7400) to write the movement using EWMN.   On an example of original EWMN 

page (Figure 2-4), each column on the table represented a time point during the task and each 

row indicated a body part.    
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After comparing the pages of participants, ten movement components and five 

compensatory movements were identified.  In accordance with the theory of GMP, the ten 

“essential” movement components were the “invariant” sequencing movement components 

observed in all participants without stroke.  These ten movement components that reflected the 

invariant features of GMP were named “essential-movement components.”  For instance, the 

first pair of red circles (i.e. the second column- eye contact with the basket handle) was observed 

before the second pair of circles (i.e. the third column- initiative synergy).  Compensatory 

movements were found in the participants with stroke.  Based on these findings, the author 

created the Essential Movement Component Evaluation (EMCE) form based upon EWMN for 

“Lift Basket” task.(Figure 2-5) 

The ten essential-movement components of “Lift Basket” task included 1) eye contact with 

basket handles, 2) initiative synergy: coupled but opposite movements of the arm and forearm 

(i.e. simultaneous shoulder extension and elbow flexion on the sagittal plane), 3) upper-arm 

movement with forearm fixation: maintaining constant height of the forearm in space while the 

upper arm moves forward toward the basket, 4) contralateral weight shifting, 5) grasping 

preparation: opening the hand, 6) grasping, 7) shift of eye contact to the high tabletop, 8) 

diagonal shift of upper arm (i.e. shoulder flexion and abduction), 9) ipsilateral weight shifting, 10) 

placing the basket (i.e. elbow extension).  The compensatory movements include 1) upper-arm 

abduction, 2) trunk side-bending, 3) trunk forward rotation, 4) trunk backward rotation, and 5) 

non-standard grasping.  The detailed definition of the ten essential-movement components and 

compensatory movement can be found in the EMCE form (Figure 2-5).   

The grading system of the EMCE form has two parts: existence of the movement 

component and magnitude of the movement component.  The essential-movement components 
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are first graded by whether a movement component is observed (0= No; 1= Yes).  The range of 

the essential-movement component composite score is 0 to 10.  Three essential-movement 

components are further graded by how much range-of-motion is observed (0= no movement 

observed; 1= 0º ≤ movement < 30º; 2= 30º ≤ movement < 60º; 3= 30º ≤ movement < 60º).  The 

three essential-movement components are upper-arm movement with forearm fixation, diagonal 

shifting of upper arm (including horizontal and vertical shifting), and forearm movement to place 

the basket.    These essential components were chosen since their range-of-motion can be 

visually measured.  The compensatory movement is graded by whether a compensatory 

movement is observed. (0= No; 1= Yes)  The range of compensatory movement composite score 

is 0 to 5.  The EMCE form was used in the following experiment to determine its intra- and inter-

rater reliability. 

Intra-Rater and Inter-Rater Reliability of The EMCE Form 

Participants 

Raters. A convenience sample of three doctoral students (age range = 28 ~ 33 years; mean 

age = 31.3 years; standard deviation of age = 2.89 years; 2 men and 1 woman) from various 

departments of University of Florida volunteered to participate in this study as raters. Descriptive 

information regarding the raters is provided. (Table 2-2)  These three graduate students are 

currently enrolled in the Department of Physical Therapy, Occupational Therapy and Material 

Science respectively.  Recruiting three raters with different background represents a variety of 

experience levels.  

Subjects. Twenty participants were randomly selected from four CIMT studies that were 

conducted at the Department of Physical Therapy, University of Florida and the Brain 

Rehabilitation Research Center, Malcom Randall Veteran Affairs Medical Center, Gainesville, 

Florida.  The main participant characteristics are presented, including age, gender, side of stroke 
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and time since stroke.(Table 2-3)  Three groups of participants were included in this experiment: 

participants without stroke (normal group; n= 4), high-functioning participants with stroke (n= 8), 

and low-functioning participants with stroke (n= 8).   

The participants with stroke were divided into two groups using their upper-extremity 

Fugl-Meyer motor scores: high-functioning (scores > 33) and low-functioning group (scores ≤ 

33).  The Fugl-Meyer Assessment110 (see Appendix C) is regarded as an objective and 

quantifiable assessment of motor impairment.  The Fugl-Meyer Assessment is also a 

standardized assessment to measure recovery after stroke.  The upper-extremity Fugl-Meyer 

motor component (total score = 66) assesses the ability to move in/out of synergy, reflexes, wrist 

stability, grasping ability and coordination.  In stroke rehabilitation research, the Fugl-Meyer 

Assessment is frequently used as a primary outcome measure of impairment,74, 111 and has been 

shown to be predictive of dependency, functional level and recovery after stroke.58, 112-114  

The inclusion criterion for the control group was that they had no prior history of 

neurological disorders.  All participants with stroke in this experiment met the following 

inclusion criteria: 1) the diagnosis of at least one stroke, but not more than three strokes on the 

same side of the brain, 2) stroke at least three months prior to study participation, 3) ability to 

follow simple instructions, 4) a score of 20 or higher on the Mini Mental-State Exam,115 5) the 

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

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

actively participate for six hours of therapy without long rests or nap periods, 8) passive range-

of-motion of all upper-extremity motions of at least half the normal range, 9) traditional CIMT 

minimal motor criteria.1, 67, 116-118  Minimal motor criteria were defined as active movement of 

the wrist through at least 20 degrees of extension from a relaxed flexed position, and active 
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movement of at least three fingers (the thumb and two fingers) 20 degrees of extension at the 

metacarpal-phalangeal and proximal interphalangeal joints.   

Exclusion criteria for both stroke groups included 1) any health problems that put the 

individual at significant risk of harm during the study, 2) any other neurological conditions such 

as multiple sclerosis or Parkinson’s disease, 3) taking drugs for spasticity, 4) pain that is scored 

greater than 5/10 on the McGill Pain Scale119.  Furthermore, the participants were excluded if 

they could not independently reach the handle of the basket for the “Lift Basket” task of the 

WMFT in a standing position with or without support of a straight cane, quad cane or hemi-

walker within two minutes. 

Procedure 

All data used in this experiment were retrospectively retrieved from four previously 

completed studies.  All participants signed a consent form that was pre-approved by the 

Institutional Review Board of University of Florida for permission to be videotaped and have 

their videotapes analyzed for movement control.  The participants without stroke were recruited 

from the local community and only received one test, the Wolf Motor Function Test (WMFT),1, 

50, 64, 65, 101 which is a standardized evaluation in traditional CIMT.1, 65  The participants with 

stroke received a series of pre-test evaluations that included the WMFT.1, 50, 64, 65, 101  

To examine inter-rater and intra-rater reliability, all three raters were provided with the 

EMCE Form of EWMN and written instructions for administering the evaluation.  The raters 

were then given a one-hour training session by the primary investigator to review the movement 

components, grading criteria, and instructions for administering the evaluation.  Applied 

examples of grading were also provided using sample video clips of Lift Basket task, along with 

feedback and discussion regarding the choice of the appropriate ratings.  After training, the raters 

were instructed not to discuss the grading criteria or the evaluation with other raters.  A DVD 
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disc that contained the twenty participants’ video clips was then given to each rater.  In the 

laboratory, the raters played video clips frame-by-frame (30 frames/second) at separate times to 

grade participants’ movement, using a Pioneer DVD player (model DVD-V7400).  To 

investigate intra-rater reliability, one week after this viewing session, the same raters were asked 

to grade the same participants’ movement.   

A one-week time period was chosen to minimize the possibility of recall.  The order of 

appearance of each participant’s video clip was randomly altered by the primary investigator for 

the second viewing of the DVD.  The same guidelines used in the first viewing session were 

followed in the second viewing session.  In addition, raters were blind to the groups to which the 

participants were assigned, his or her first viewing results, and other raters’ results.  The above 

precautions were taken in order to minimize possible rater bias caused by raters’ memory of the 

results of the first viewing session.62 

Data Analysis 

 For the reliability tests in this study, three statistical methods were chosen, including the 

intraclass correlation coefficient (ICC),98-100 standard error of measurement (SEM),120, 121 and 

minimal detectable change (MDC).122, 123  ICC is a reliability index that measures the strength of 

reliability.62  ICC ranges from 0 to 1.  SEM is a common method that measures the consistency 

or stability of repeated responses over time.62  A measure with stable responses can separate out 

errors due to the rater or instrument.  SEM can reflect the range of scores that can be expected on 

retesting or the extent of expected error in different raters’ scores.  MDC is an index to measure 

how much change of specific score is necessary to be confident that “true change” has 

occurred.124  A small MDC indicates that the changes measured by an instrument are not caused 

by error.          
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The scores graded by the raters using the EMCE form included number of essential-

movement components (essential-movement component composite score) and movement 

magnitude of the three movement components. For statistical evaluation of inter-rater and intra-

rater reliability, ICC(2,1)98-100 was used to determine the reliability of 1) the essential-movement 

component composite scores, 2) movement magnitude of three movement components (upper-

arm movement with forearm fixation, horizontal and vertical shifting movement of upper arm, 

and placing basket), and 3) individual essential-movement components.  The standards of 

interpreting magnitude of the ICC were based on Fleiss’ categories: ≤ .40= poor, .40-.75= fair to 

good, >.75= excellent.100, 125     

SEM and MDC was calculated for the total score of essential-movement components for 

inter-rater and intra-rater reliability.  The SEM is expressed in the units of the measure and is 

estimated as follows: ICCSD −× 1 , where SD is the standard deviation of the pooled measures 

of the scores.   The MDC was calculated using the following formula: 

296.1 ××= SEMMDC ,126 where 1.96 reflects the 95% confidence intervals and 2 accounts 

for the additional uncertainty introduced by measurements obtained at two different time points.   

SEM estimates how repeated measures of a person on the same instrument tend to be 

distributed around his or her “true” score.  SEM is directly related to the reliability of a test.  The 

larger the SEM, the lower the reliability of the test and the less precision there is in the measures 

taken and scores obtained.  MDC reflects the smallest detectable difference that can be 

considered “actual change” that exceeds measurement error.  A change in an observed value that 

is less than the MDC would be considered indistinguishable from measurement error.   
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Results 

Intra-Rater Reliability 

 The ICC values of three raters for grading the individual essential-movement components 

and essential-movement component composite scores were reported.(Table 2-4)  Intra-rater 

reliability of essential-movement components scores were reported by an overall ICC of .93, 

which ranged from .89 to .97.   

 In terms of intra-reliability for the ten individual essential-movement component items, 

the overall ICC values ranged from .46 to .96.  Most of ICC values for the three individual raters 

were above .75 (excellent), except for Rater 3’s item 3 (.59; upper-arm movement with forearm 

fixation), 6 (.55; eye contact with high table) and 8 (.70; placing basket), Rater 1’s item 10 (.45; 

contralateral weight shifting), and Rater 2’s item 6 (.65) and 9 (.57; ipsilateral weight shifting).   

ICC results for movement magnitude of three essential-movement components were 

presented.(Table 2-5)  Overall ICC values were ranged from .73 to .91.  The ranges of ICC item 

values for individual raters were .65 - .96 (Rater 1), .75 - .95 (Rater 2), and .75 - .86 (Rater 3). 

Inter-Rater Reliability 

The ICC (2,1) values of overall three raters for individual and total scores of essential-

movement components were reported.(Table 2-6)  Inter-rater reliability of the total score of 

essential-movement components was reported by an overall ICC of .95.  In terms of reliability, 

for the ten individual essential-movement component items, the overall ICC values ranged 

from .37 to 1.  Most of ICC values were above .75, except for item 1 (.56; eye contact with 

basket handles), 6 (.59) and 9 (.37; ipsilateral weight shifting).   

ICC results for the magnitudes of four essential-movement components were 

presented.(Table 2-7)  Most of the components had an ICC value higher than .75, except for 
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upper-arm movement with forearm fixation (.74; item 3) and horizontal shifting of upper arm 

(.40; item 7).  

The standard error of measurement (SEM), 95% confidence interval (CI) of SEM, and 

minimal detectable change (MDC) for inter-rater and intra-rater reliability of EMCE form were 

presented.(Table 2-8) 

Discussion 

No effective assessments that measure quality of movement are available in stroke 

rehabilitation.  Stroke intervention studies focus typically on aspects of movement deficits as 

measured by movement speed and accuracy.1, 50, 64-71  These measures do not give insight into the 

interaction of body parts that produce them.  Motor function scales may be feasible and 

convenient for healthcare providers.  Nevertheless, a statistically significant change of averaged 

scores can merely indicate an incremental movement along that scale72 and provide limited 

information about improvement in function and quality of movement.  In addition, these methods 

emphasize specification of movement impairment mainly for the affected limbs without 

considering associated compensatory movements from the rest of body.  There is a need, 

therefore, to develop a comprehensive and reliable measure to analyze movement quality in a 

whole-body manner.   

Rater Reliability of The EMCE Form 

The results of this study indicated that the movement components of the Lift Basket task 

analyzed can be assessed reliably with a minimal degree of error, with the exception of those 

movement components that require identifying movement compensation.  The ICCs for intra- 

and inter-rater reliability were excellent (.89-.97 and .90-.95, respectively), suggesting excellent 

agreement both within and between raters.  The SEM for inter-rater reliability was 0.52 and 

intra-rater reliability ranged from 0.15 to 0.47.  This represented an error of measurement 
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ranging from 0.15 to 0.52.  A smaller SEM relates to higher reliability of the test and therefore, 

more precision there is in the measure taken and scores obtained. 

The high ICCs and subsequent low SEMs demonstrate that novice investigators, even 

those without formal rehabilitation or movement training, can reliably document movement 

using the established ECME form and a short training and practice session.  While most of the 10 

component movements demonstrated excellent intra-rater reliability, an analysis of individual 

items demonstrated that the fixation item (upper-arm movement with forearm fixation), had a 

lower ICC value (.72), although still good.98-100  The recognition of compensatory movement 

patterns, such as using forward trunk rotation to compensate for lack of upper arm and forearm 

movement, may be a skill that requires more advanced training.  Physical and occupational 

therapists should have the skills to identify these compensatory movements.  The PT (Rater 1) 

and OT (Rater 2) participated in the reliability study had higher overall ICCs (.91 and .97) than 

the non-rehabilitation professional (Rater 3) (.89), although the non-professional still had an 

overall excellent ICC.  This trend held true for the total ICCs and SEMs.  These results suggest 

EMCE is an effective measure with excellent rater reliability.  Evaluators with little training or 

knowledge of movement analysis can still reliably use a well-established EMCE template to 

assess quality of movement.   

The SEM represents the standard deviation of measurement errors and reflects the extent 

of expected error in repeated measurements or different raters’ scores.120, 121  The SEM is 

expressed in the units of the measure, therefore allowing an error distribution to be established 

around the measurement calculated.  Measurement errors are assumed to be normally distributed; 

therefore, there is a 95% probability that an individual’s true value would be within 2 SEMs of 

the original measurement.  For example, the 95% SEM for inter-rater reliability was ±1.02, so 
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for a measured score of 4, we would be 95% confident that the true measurement would be 

between 2.98 and 5.02.    The ICC provides information on the relative reliability of a measure 

by assessing the degree of association between repeated measurements, while the SEM provides 

information on the absolute reliability of a measure by assessing the extent to which a score may 

vary with repeated measurements based on measurement error.121  

 Another way measurement error was assessed in this study was by determining the 

minimal detectable change (MDC).  The MDC takes into account multiple measures/variances 

across different testing times while the SEM is a reflection of error associated with 

measurements obtained during one time period.122, 123  The MDC reflects the smallest detectable 

difference that can be considered “actual change” that exceeds measurement error.  A change in 

an observed value that is less than the MDC would be considered indistinguishable from 

measurement error.  The MDC was calculated using the following 

formula: 296.1 ××= SEMMDC , where 1.96 reflects the 95% CI and 2  accounts for the 

additional uncertainty introduced by measurements obtained at two different time points.126  The 

MDC for intra-rater reliability is an important indicator, since in Experiment II the author will 

document changes from pre- to post-CIMT.  The MDC for the total score of the essential-

movement components was 0.90; this means a participant must exceed a change of .90 to 

identify the change as true and not due to measurement error.  Therefore, if a person scores a 4 

on the pre-test and a 5 on the post-test, we can be sure the change is real and not due to 

measurement error. 

Limitations 

Two limitations of the current study need to be addressed.  While excellent reliability was 

demonstrated, establishing validity of the measure is difficult.  To address this limitation, an 
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attempt was made to demonstrate validity in Experiment II by comparing the movements of a 

person with stroke to “normal” movements in individuals without stroke, where normal 

movement is considered the gold standard for validity purposes.  Nevertheless, determination of 

the validity of the current template in this study may be accomplished by future collaboration 

with adequate biomechanical methods.  Second, although utilization of the EMCE form showed 

excellent inter-rater and intra-rater reliability, even for a non-rehabilitation professional, the 

generalization of the EMCE method for functional activities of daily life can be limited.  Future 

study is necessary to develop the EMCE forms for other representative daily activities,127 such as 

walking, eating and ascending/descending stairs.  Researchers with appropriate training in 

EWMN could develop EMCE forms for other key movements to effectively measure quality of 

movement. 

Conclusions 

Quality of movement is an important indicator of post-stroke recovery, but has often been 

ignored by rehabilitation professionals.  In order to investigate post-stroke quality of movement, 

the invariant features of the Generalized Motor Program (GMP) theory can serve as the research 

framework in this study since the clarity of this theory allows us to establish the essentials of 

human movement.  Biomechanical methods may be useful to explore quality of movement, but 

the requirement of expensive equipment and complicated computer software analyses can make 

their application very difficult in clinical settings.  The Eshkol-Wachman Movement Notation 

(EWMN), therefore, was introduced to provide an effective and economical method.  In this 

study, the author developed an evaluation form based on a combined application of the GMP38, 85 

and EWMN,90-92 measuring quality of movement that investigates invariant features for a 

reaching-grasping-lifting-placing task. 
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Overall an excellent ICC value was established for this new outcome measure (the 

Essential-Movement Component Evaluation form) that provides a systematic whole-body 

movement analysis in a feasible manner.  The combination of invariant features of the GMP and 

EWMN method to study quality of movement in people with stroke is effective and reliable.  

This measurement template does more than traditional assessments by evaluating the 

contributions of the whole body to the activity, thus providing an additional means to assess 

quality of movement.  Novice investigators, even those without formal rehabilitation or 

movement training, can reliably document movement using the established ECME form with 

minimal training and practice. 
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Table 2-1. Functional Ability Scale 
Rating Description 
0 Does not attempt with involved arm. 

1 Involved arm does not participate functionally; however, attempt is made to use the arm.  In unilateral 
tasks the uninvolved extremity may be used to move the involved extremity. 

2 
Does, but requires assistance of uninvolved extremity for minor readjustments or change of position, 

or requires more than two attempts to complete, or accomplishes very slowly.  In bilateral tasks the 
involved extremity may serve only as a helper or stabilizer. 

3 Does, but movement is influenced to some degree by synergy or is performed slowly and/or with 
effort. 

4 Does; movement is close to normal*, but slightly slower; may lack precision, fine coordination or 
fluidity. 

5 Does; movement appears to be normal*. 
* = for the determination of normal the uninvolved limb can be utilized as an available index for comparison, with 
pre-morbid limb dominance taken into consideration. 

 
Table 2-2. Demographic information of raters 
  Rater 1 Rater 2 Rater 3 

Gender Male Female Male 

Age 33 33 28 

Department  Physical Therapy Occupational Therapy Material Science & Engineering 

Therapist Degree Physical Therapist Occupational Therapist None 

 
Table 2-3. Demographic information of participants 

Normal group High-functioning stroke group  Low-functioning stroke group    

(n = 4) (n = 8) (n = 8) 

Range 23 - 78 37 - 78 37 - 86 
Age (year) 

Mean ± SD 55.8 ± 25.9 64.5 ± 14.1 68 ± 16.1 

Gender (Male/Female) 1/3 6/2 7/1 

Affected side (R/L) **** 4/4 3/5 

Range **** 34 - 59 18 - 33 
Upper Extremity Fugl-Myer scores  (maximum: 66) 

Mean ± SD **** 44.1 ± 8.3 29 ± 5.1 

Range 1.06 - 1.19 3.21 - 21.08 17.14 - 86.37 
Averaged Wolf Motor Function Test time (second) 

Mean ± SD 1.13 ± 0.06 8.36 ± 6.34 55.28 ± 24.29 

 
Table 2-4. Intra-rater reliability (ICC) for individual essential-movement component and total 

score of essential-movement component      
Essential Movement Component Item   
1 2 3 4 5 6 7 8 9 10 Total 

Rater 1 0.79 0.75  0.77  0.95  0.94  0.90  1  0.77  0.92  0.45  0.91  
Rater 2 1 0.94 0.83  1 0.94  0.65  1  0.82 0.57  1  0.97  
Rater 3 1 0.86  0.59 0.82  0.86  0.55  0.88  0.70  0.88  0.93  0.89  
Overall 0.79 0.87  0.72  0.93  0.92  0.46  0.96  0.77 0.46  0.79  0.93  



 

54 

Table 2-5. Intra-rater reliability (ICC) for magnitude of essential-movement components.  (UA= 
upper arm) 
Magnitute of Movement 

  
UA with Fixation Horizontal Shifting Vertical Shifting Placing Basket 

Rater 1 .65 .72 .70 .96  
Rater 2 .87 .85  .75 .95  
Rater 3 .75 .86 .76  .82  
Overall .73 .81  .75 .91  
 
Table 2-6. Inter-rater reliability for individual and total score of essential-movement component; 

data were reported by ICC (2,1).     
Essential Movement Component   
1 2 3 4 5 6 7 8 9 10 Total 
.56 .79 .78 .98 .87 .59 1 .86 .37 .75 .95 
 
Table 2-7. Inter-rater reliability (ICC) for magnitude of four essential-movement components 
Magnitude of Movement 
UA with Fixation Horizontal Shifting Vertical Shifting Placing Basket 
.74 .40 .75 .92 
 
Table 2-8. Standard error of measurement (SEM), 95% confidence interval (CI) of SEM, and 

minimally detectable change (MDC)  
  SEM 95% SEM MDC 
Inter-rater 0.52 ±1.02 1.43  

Rater 1 0.47 ±0.92 1.29  
Rater 2 0.36 ±0.71 0.99  
Rater 3 0.15 ±0.29 0.41  

Intra-rater 

Average 0.33  ±0.64 0.90  
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Figure 2-1. Lift Basket task 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A.  Starting position  B. Ending position 
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Figure 2-2. Fundamental planes of EWMN sphere 

 

 

 

 

 

 

 

 

 

 

Figure 2-3. Positions on SoR when one unit of movement is 45° 

 

 

 

                              
 
          A. Horizontal Plane                                                           B. Vertical Plane                
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Figure 2-4. Example of original EWMN page for the “Lift Basket” task in WMFT  

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: LH, left hand; LLA, left lower arm; LUA, lower upper arm; LSh, left shoulder; RH, 
right hand; RLA, right lower arm; RUA, right upper arm; RSh, right shoulder; Plv, pelvis; BKH, 
basket handle; BKB, basket bottom; TabH, high tabletop; Wt, weight shifting. 

Note: Red circles represent the movement components identified across normal participants. 
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Figure 2-5. Essential-Movement Component Evaluation form based on EWMN 

 
 
 

Movement Grading  
 

I. Nominal Data (eye contact, initiative synergy, weight shifting, grasping preparation, grasping and 
compensatory movement)  

                0 = no movement observed 
                1 = movement observed 

    II. Ordinal Data (movement of upper arm with fixation of forearm, diagonal shifting, and placing 
basket)   

0 = no movement observed 
1 = less than 30° of movement as compared with the previous limb position 
2 = 30 ≤ movement < 60° 
3 = 60° ≤ movement < 90°

Movement  Component       
eye contact- basket handle       
initiative synergy       
UA m't with forearm (f)       
Upper arm abduction       
trunk side-bending       
trunk flexion/rotation       
grasping preparation       
grasping         
Non-standard grasping       
eye contact- side table       
diagonal H/V shifting       
placing basket       
trunk extension/rotation        
trunk side-bending       
weight shifting- ipsilateral       
weight shifting- contralateral        

Essential-Movement Component Definition 
1.     Eye contact: eye contact with the targets (handles of basket or side tabletop) 
2. Initiative synergy: forearm and upper arm simultaneously initiate the task in opposite directions  
3. Movement of upper arm with fixation of forearm: forearm height in space is fixed while approaching the 

basket; amount of upper arm movement is graded   
4. weight shifting: whole body shifts to the ipsilateral or contralateral side   
5. Grasping preparation: hand opens before grasping handles of basket 
6. Grasping: fingers approximate each other after hand contacts with the handles of the basket from 

underneath the handles 
7. Diagonal shifting: 1) release basket from contact with front table, then transport basket to side table 

        2) this movement comprises two sub-components: horizontal shift and vertical shift   
8. Placing basket: basket is brought to top of side table 

   **Compensatory movement (shaded cells): 1) having extra trunk or upper arm use, which assists or replaces 
prime movers or 2) not grasping the basket handles from underneath the handles 

Movement Rating Scale of “Lifting Basket” in Wolf Motor Function Test 
Date: ______________ 
Participant: ____________ 
Rater:
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CHAPTER 3 
ASSESSING MOVEMENT QUALITY AFTER STROKE 

Introduction 

Human movements reflect an individual’s personality, styles and culture.  Movement is 

used to manipulate our external environment and an expression of self  emotion.128    There is a 

natural “quality” to our movement.  When movement capability is altered by a stroke, clients not 

only lose motor function, but also their natural quality of movement.42, 45, 105, 107  Rehabilitation 

therapists have always been concerned with attempting to recover movement quality.  By 

applying various strategies, therapists aim to enable the recovery process and facilitate the 

movement restoration.  For example, neuromuscular facilitation approaches were developed with 

treatment oriented to improving movement patterns toward normality of movement.13, 129 

 In this day of insurance driven medicine, the concern of cost containment often causes 

therapists to alter their expectations for clients to that of simply reaching task accomplishment 

goals within a limited period of time, regardless of movement quality.  Instead of focusing on 

true recovery and normal movement restoration, compensatory strategies have played a dominant 

role in current rehabilitation intervention.  Quality of movement, nevertheless, does matter in our 

daily life.103  Dancers strive for a smooth and coordinated move.  Athletes pursue perfect 

performance.  So do people following a stroke.  After our clients can perform certain 

representative functional activities, such as walking and reaching, improvement in quality of 

these movements becomes their next ultimate goal.  A movement with poor quality may impede 

their use of the affected extremities, especially in the public, and may further hamper social 

participation.104 

 Clinicians and researchers have developed several instruments to measure movement 

quality after stroke, but their attempts often focus on general functional ability of specific 
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affected body parts rather than quality of movement in a whole-body view.  Examples of these 

measurements include the Functional Activity Scale (FAS) in the Wolf Motor Function Test 

(WMFT),50, 102 the Quality of Movement Scale (QoM) in the Motor Activity Log,1 the Motor 

Evaluation Scale for Upper Extremity in Stroke Patients (MESUPES),106 and  movement pattern 

analyses.13, 107  Ordinal motor function scales, such as FAS and QoM, are used extensively in 

studies of stroke intervention effectiveness.54-58  Motor function scales are feasible and helpful 

for healthcare providers, but a statistically significant change of averaged scores can merely 

indicate an incremental change along that scale72 and provide limited information about 

improvement in function and quality of movement.  MESUPES is a scale of movement quality 

that encompasses eight arm function items with six rating categories and nine hand function 

items with three rating categories.106  The grading system does not have a uniform definition 

across the items.  In addition, the composite score generated may simply indicate the level of 

assistance required while performing the tasks, rather than quality of the movement.  Two 

examples of movement pattern analysis include Bobath’s test for quality of movement patterns13 

and Cirstea’s biomechanical movement variable analysis.17, 42, 75, 107  The tasks used by Bobath 

mainly examine the ability of active selective control of the affected body parts and are not 

directly related to functional movement.  As for Cirstea’s biomechanical method, the derivatives 

from advanced calculations of biomechanical parameters can actually generate great confusion 

and difficulty for clinicians without providing sufficient direct information about the 

movement.130, 131  Developing a clinically feasible and reliable method to measure post-stroke 

movement quality, therefore, becomes necessary for advancing evaluation skills of clinicians to 

determine effectiveness of stroke interventions.  
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Recently, Chiu has developed an evaluation template, the Essential-Movement Component 

Evaluation (EMCE) form to measure quality of movement.132  The development of EMCE was 

based on a combined application of the Generalized Motor Program (GMP) theory38, 85 and  the 

Eshkol-Wachman Movement Notation (EWMN) method.90-92  The EMCE form had an excellent 

overall intra-rater [ICC(2,1)= .93; 95% CI= .88-.96; p< 0.001 ] and inter-rater reliability 

[ICC(2,1)= .95; 95% CI= .89-.98; p< 0.001].132   In addition, the EMCE form had a small 

standard error of measurement (SEM= .33) and minimally detectable change (MDC= ±0.9).132  

The high ICCs and subsequent low SEMs indicated that novice investigators, even those without 

formal rehabilitation training, can reliably document movement using the established ECME 

form and a short training and practice session.  Evaluators with little training or knowledge of 

movement analysis can still reliably use a well-established EMCE template to assess quality of 

movement in terms of movement components, sequence and strategy. 

 The effectiveness, reliable, economical, and user-friendly features of EMCE have made 

its future use feasible in clinical and research settings.  The objective of this research was to 

present a method of measuring movement quality and to explore if this method can distinguish 

problematic movement patterns observed in people with stroke.  

Method 

Participants 

Fifty participants were randomly selected from four CIMT studies that were conducted at 

the Department of Physical Therapy, University of Florida and the Brain Rehabilitation Research 

Center, Malcom Randall Veteran Affairs Medical Center, Gainesville, Florida.  Participant 

characteristics were presented, including age, gender, side of stroke and time since stroke.(Table 

3-1)  Three groups were included in this experiment: participants without stroke (normal group; 
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n= 10), high-functioning participants with stroke (n= 20) and low-functioning participants with 

stroke (n= 20).   

The participants with stroke were divided into two groups using their upper-extremity 

Fugl-Meyer motor scores: high-functioning (scores > 33) and low-functioning group (scores ≤ 

33).  The Fugl-Meyer Assessment110 (see Appendix C) is regarded as an objective and 

quantifiable assessment of motor impairment.  The Fugl-Meyer Assessment is also a 

standardized assessment to measure recovery after stroke.  The upper-extremity Fugl-Meyer 

motor component (total score = 66) assesses the ability to move in/out of synergy, reflexes, wrist 

stability, grasping ability, and coordination.  In stroke rehabilitation research, the Fugl-Meyer 

Assessment is frequently used as a primary outcome measure of impairment,74, 111 and has been 

shown to be predictive of dependency, functional level and recovery after stroke.58, 112-114  

The inclusion criterion for the control group was that they had no prior history of 

neurological disorders.  All participants with stroke in this experiment met the following 

inclusion criteria: 1) the diagnosis of at least one stroke, but not more than three strokes on the 

same side of the brain, 2) stroke at least three months prior to study participation, 3) ability to 

follow simple instructions, 4) a score of 20 or higher on the Mini Mental-State Exam,115 5) the 

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

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

actively participate for six hours of therapy without long rests or nap periods, 8) passive range-

of-motion of all upper-extremity motions of at least half the normal range, 9) traditional CIMT 

minimal motor criteria.1, 67, 116-118  Minimal motor criteria were defined as active movement of 

the wrist through at least 20 degrees of extension from a relaxed flexed position, and active 
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movement of at least three fingers (the thumb and two fingers) 20 degrees of extension at the 

metacarpal-phalangeal and proximal interphalangeal joints.   

Exclusion criteria for both stroke groups included 1) any health problems that put the 

individual at significant risk of harm during the study, 2) any other neurological conditions such 

as multiple sclerosis or Parkinson’s disease, 3) taking drugs for spasticity, 4) pain that is scored 

greater than 5/10 on the McGill Pain Scale119.  Furthermore, the participants were excluded if 

they could not independently reach the handle of the basket for the “Lift Basket” task of the 

WMFT in a standing position with or without support of a straight cane, quad cane or hemi-

walker within two minutes. 

Procedure 

All data used in this experiment were retrospectively retrieved from four previously 

completed studies.  All participants signed a consent form that was pre-approved by the 

Institutional Review Board of University of Florida for permission to be tested and to have their 

videotapes analyzed for movement control.  The participants without stroke were recruited from 

the local community and only received one test, the Wolf Motor Function Test (WMFT),1, 50, 64, 

65, 101 which is a standardized evaluation tool in traditional CIMT.1, 65  The participants with 

stroke first received a series of pre-test evaluations that included the WMFT.1, 50, 64, 65, 101  

The movement task selected for this study was the “Lift Basket” task of the WMFT.  The 

WMFT is a standardized test and one of the primary outcomes in the CIMT studies.1, 50, 57, 58, 64, 

67, 68, 74, 101  The WMFT consists of a series of 15 timed tasks and two strength tasks that are 

performed in either a sitting or standing position.  The 15 tasks are arranged in order of 

biomechanical complexity according to the joints involved and the level of difficulty.  The tasks 

progress from proximal to distal joint involvement and from gross to fine motor skills.50  A 

recent pilot study of Rasch measurement conducted by Wen and Velozo (unpublished) in 2003, 
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however, has shown a different order of task difficulty. This indicates that Wolf’s conceptual 

task complexity is not reflected in participants’ responses.  For example, the last task, Lift Basket, 

which was supposed to be the most difficult task of WMFT became the second difficult task.  

The WMFT quantifies upper-extremity movement ability through timed single- or multiple-joint 

motions and functional tasks.50   

The last task in the WMFT, “Lift Basket,” is regarded as a complex task that demands 

efforts from multiple body systems, such as muscle strength, dynamic/standing balance, and 

inter-limb coordination.  The Rasch pilot study of Wen and Velozo (unpublished) demonstrated 

the “Lift Basket” task to be the second most difficult task of the WMFT in terms of item 

difficulty analysis.  As compared with a simple activity, such as reaching for an object on a table, 

“Lift Basket” is a representative activity with greater difficulty in our daily life.  This task 

requires involvement from the whole body.  Studying this task, therefore, can show how one 

body part interacts with others during movement.  Moreover, the “Lift Basket” task is an “out of 

synergy” movement that can target the limitations people with stroke have when performing a 

reaching and lifting task.88    

 “Lift Basket” task. The set-up of the “Lift Basket” task included a basket, a desk (29” 

high) located in front of the participant and a bedside table (44” high) located on the participant’s 

side to be tested. (see Figure 3-1A and 3-1B)  The bedside table extended along the width of the 

desk. The basket was placed on the desk and lined up with the center of the participants’ body.  

A three-pound weight was placed in the basket.  Participants are tested in a standing position 

while facing the desk. The set-up of the “Lift Basket” task is illustrated with its starting position 

(Figure 3-1A) and ending position (Figure 3-1B).  The task description was “Patient attempts to 

pick up basket by grasping handle (from underneath the handle) and placing the basket on far 
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edge of the rolling bedside table.”  All participants were asked to “Pick up the basket with your 

hand and place the basket on the rolling table.  The far edge of the basket should go past the far 

edge of the bedside table.  Try not to move your feet while you do this task.  Do this as quickly 

as you can.”102  The subject’s movement progression was videotaped from a front view.  

Participants’ video tapes were then converted to DVD in digital format using a Panasonic DVD 

recorder (model DMR-E95HS) for further analyses of EWMN.  

In this study, the motion videos of the “Lift Basket” task of WMFT pre-test were randomly 

selected from the three groups.  The fifty videos tapes were converted to DVD in digital format 

using a Panasonic DVD recorder (model DMR-E95HS) for further analyses of EWMN.  In the 

laboratory, a physical therapist with three-year EWMN training experience played video clips 

frame-by-frame (30 frames/second) to grade participants’ movement using a Pioneer DVD 

player (model DVD-V7400). The EMCE form (see Appendix B) was used to analyze 

participants’ movement quality in terms of movement component, sequence, and strategy.   

The essential-movement components were first graded by whether a movement component 

was observed (0= No; 1= Yes).  The range of essential-movement component composite score is 

0 to 10.  Three essential-movement components were further graded by how much range-of-

motion is observed (0= no movement observed; 1= 0º ≤ movement < 30º; 2= 30º ≤ movement < 

60º; 3= 30º ≤ movement < 60º).  The three essential-movement components were upper-arm 

movement with forearm fixation, diagonal shifting of upper arm (including horizontal and 

vertical shifting), and forearm movement to place the basket.    These essential components were 

chosen since their range-of-motion can be visually measured.  The compensatory movement was 

graded by whether a compensatory movement is observed. (0= No; 1= Yes)  The range of 

compensatory movement composite score is 0 to 5. 
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Data Analysis 

One-way analysis of variance (ANOVA) was used to determine if there were any 

statistically significant differences in essential-movement component composite scores, 

compensatory movement composite scores and movement magnitude of three essential-

movement components between three groups (normal, high-functioning and low-functioning).  

The significant level was set at .05.  In addition, the Scheffe post-hoc multiple comparison 

analysis was used to determine pair-wise significance.  The prevalence for each essential-

movement component and compensatory movement was reported in percentage. 

Results 

The one-way ANOVA results are presented. (Table 3-2)  All p values of the dependent 

variables were less than .001, including the essential-movement component total score, the 

compensatory movement total score, and the movement magnitude of the three essential-

movement components.  Most of the Scheffe post-hoc multiple comparison analyses were 

statistically significant, except for upper-arm diagonal shifting (high-functioning vs. normal), 

total score of compensatory movement (high-functioning vs. low-functioning), and upper-arm 

movement with forearm fixation (high-functioning vs. low-functioning).  Percentages of 

observed movement component and compensatory movement from the three groups were 

reported. (Table 3-3)  The percentage of every essential-movement components observed from 

the three groups decreased as impairment level increased, except for the contralateral weight 

shifting which was the same for three groups.  Percentages of observed compensatory movement 

increased as impairment level increased.  A small percentage of compensatory movement was 

noticed in the normal group as well. 
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Discussion 

The results from the ANOVAs showed there were statistically significant differences 

between the means of the groups for total score of essential-movement components, the total 

score of compensatory movements, and the movement magnitude of the three essential-

movement components.  In accordance with the hypothesis, the results suggested that the EMCE 

form for the Lift Basket task was able to effectively distinguish the differences between normal 

individuals and the two different stroke groups.  As for the post-hoc analyses, no significant 

differences were found in the movement magnitude of the upper-arm horizontal and vertical 

shifting between the high-functioning and normal group.  These non-significant results suggest 

that in the high-functioning stroke group the movement of the upper-arm was not significantly 

different during this lifting component than the normal group.  No significant differences were 

noted, however, between the high- and low-functioning groups in the total score of 

compensatory movements or in the magnitude of upper-arm movement with forearm fixation.  

Unlike the lifting component, during the early phase of reaching (i.e. upper-arm movement with 

fixation) the high-functioning group was not statistically different than that of the low-

functioning group.  A possible explanation can be that the high-functioning stroke group adopted 

compensatory movement during reaching even when their function was improved.  The 

compensatory movements observed included movement initiation with upper-arm abduction, 

trunk side-bending, and trunk forward rotation.  Adopting these compensatory movements in the 

high-functioning stroke group can be an indication of the habitual movement strategy that 

followed the previous atypical synergy while their upper extremity function was still limited.  

The percentage of every essential-movement component in the two stroke groups was 

observed less as impairment level increased, except for contralateral weight shifting which was 

the same for both the high and low functioning groups.  People with stroke have the tendency to 
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bear their weight on the less affected side, but have difficulty in shifting the weight to the 

affected side.44, 133  The inability to shift body weight from one side to another may cause 

decreased ability to engage in dynamic activities, such as reaching or walking.134  The most 

impaired essential-movement components found in the low-functioning stroke group included 

initiative synergy (preparation for reaching), forearm fixation (aiming), grasp preparation (hand 

opening), grasp, eye contact to high table (estimation for height of lifting), upper-arm diagonal 

shifting (upper-arm strength), and placing basket (elbow extension).  The initiative synergy is an 

essential-movement component that acted as a preparatory step of reaching.  Instead of moving 

the upper arm directly to the target, the forearm and upper arm simultaneously initiated the task 

in opposite directions (i.e. a couple movement of shoulder extension and elbow flexion on the 

sagittal plane).  Then the forearm and upper arm move forward toward the basket handle.  This 

short time delay caused by the initiative synergy provides the forearm an opportunity to prepare 

its appropriate position for later reaching.  Forearm fixation is an aiming movement that keeps 

the forearm in a fixed height until the hand reaches to the target.   

According to the GMP theory, actions controlled by the same GMP share the same 

invariant features, such as the sequencing of submovements, relative timing and relative forces.  

Movements governed by the same GMP differ from each other in the assignment of variant 

movement parameters, for instance absolute time, absolute force, and selection of effectors.38, 85, 

86  In line with the GMP theory, invariant submovements in a fixed movement sequence can be 

identified when different individuals execute the same activity.  In this experiment, decreased 

use of essential-movement component with the increase of compensatory movements was found 

as impairment level increased.  These results indicated that the motor programming may be 

altered in people with stroke.  Having less essential-movement components forced individuals 
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with stroke to adopt more compensatory movements.  Underutilized essential-movement 

components in stroke groups provide clinicians a useful direction of treatment.  Instead of simply 

emphasizing repetition and speed, an effective training program may also focus on restoring 

underutilized essential-movement components in a sequencing manner.   

Compensatory movements were found in all three groups, but the prevalence increased as 

impairment levels increased from normal, to high-functioning, to low-functioning.  Possible 

reasons for the normal group adopting compensatory movements were inaccurate basket 

placement, short body structure, or muscle weakness.  When these conditions exist, the upper 

arm and trunk may need to compensate for the discrepancy in the position of the basket.  For the 

low-functioning stroke group, however, compensatory movements were often substituted for 

essential-movement components, which may indicate the inability to recruit certain body parts17, 

42, 45, 75, 89, 135, 136 or muscle weakness.8, 10, 11, 18, 19  Additionally, the proximal body parts, which 

include upper arm and trunk, often dominated the movement or incorrectly initiated the 

movement, for example, the movement was initiated by trunk side-bending or upper arm 

abduction.  For the high-functioning group, while the essential-movement components were 

observed, compensatory movements still appeared, but functioned as assistance for the essential-

movement components.   

Whether compensatory movement is a necessary post-stroke adaptation, which should not 

be corrected remains controversial.137-139  Some recent studies, however, have shown that 

emphasis on training certain underutilized movement components during reaching, such as 

elbow and shoulder range-of-motion can significantly improve movement quality.107, 140  On the 

other hand, restraint of the trunk to prevent its compensatory contribution toward a reaching or 

pointing task, while training, can actually induce more upper extremity movement89, 135, 136, 141  
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Trunk restraint allows patients with stroke to make use of arm joint ranges that are present but 

not normally recruited during unrestrained arm-reaching tasks. Thus, the underlying "normal" 

patterns of movement coordination may not be entirely lost after a stroke and underutilized 

essential-movement component may be restorable.135  In order to improve quality of movement, 

therefore, restoration of underused essential-movement component and reduction or inhibition of 

compensatory movements may be two priority goals for treatment.      

Limitations. Improper experiment set-up for videotaping was noticed during reviewing 

movement clips.  Different locations where the basket was placed or different starting position of 

the task may induce unnecessary compensatory movements that were observed in normal 

individuals.  The EMCE has shown to be a reliable research template to investigate quality of 

movement, but the generalization of the results from this experiment can be limited due to 

specificity of task nature.  Future development of EMCE for other representative activities of 

daily life is necessary to improve external validity.  

Conclusions 

The EMCE form for the Lift Basket task was able to effectively distinguish the differences 

between normal individuals and the two different stroke groups.  Statistically significant 

differences in quality of movement were found between normal individuals and people with 

stroke.  The percentage of essential-movement component observed from the two stroke groups 

decreased as impairment level increased.  Compensatory movements were found in all three 

groups, but prevalence increased as impairment level increased from normal, to high-

functioning, to low-functioning.  Underutilized movement components and dominance of 

compensatory movements can provide rehabilitation professional useful information on 

developing tailored therapeutic programs to restore disrupted movement patterns in the stroke 

population. 
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Table 3-1. Demographic information of subjects 
Normal group  High-functioning stroke group  Low-functioning stroke group    

(n = 10) (n = 20) (n = 20) 

Range 23 - 79 28 - 82 37 - 84 
Age (year) 

Mean ± SD 53.74 ± 21.83 60.55 ± 15.99 69.8 ± 9.55 

Gender (Male/Female) 3/7 13/7 12/8 

Affected side (R/L) **** 11/9 8/12 

Range **** 34 - 59 8 - 29 
Upper Extremity Fugl-Myer scores  (maximum: 66) 

Mean ± SD **** 45.05 ± 7.69 24 ± 5.0 

Range 0.90 - 1.38 0.61 - 55.77 29.84 - 110.26 
Averaged Wolf Motor Function Test time (second) 

Mean ± SD 1.11 ± 0.16 15.48 ± 16.16 76.83 ± 20.97 

 
Table 3-2.  One-way ANOVA results for total score of essential-movement component and 

compensatory movement, and movement magnitude of four movement components. 
(α = .05)  

    ANOVA Scheffe post-hoc analysis 
    F significance High vs. Normal High vs. Low Low vs. Normal

Total Components 79.3 < 0.001* 0.001* < 0.001* < 0.001* 

Total Compensations 24.83 < 0.001* < 0.001* 0.08 < 0.001* 

Upper Arm Movement with 
fixation 22.19 < 0.001* < 0.001* 0.055 < 0.001* 

Upper Arm Horizontal Shifting 32.11 < 0.001* 0.088 < 0.001* < 0.001* 

Upper Arm Vertical Shifting 36.003 < 0.001* 0.177 < 0.001* < 0.001* 
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Placing Basket 36.577 < 0.001* 0.001* < 0.001* < 0.001* 
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Table 3-3.  Percentage of observed essential-movement components and compensatory 
movements of Lift Basket task in control (normal), high- and low-functioning stroke 
groups.  

  Group 
ESSENTIAL MOVEMENT COMPONENTS Low High Normal 

eye contact to basket 90 100 100 

initiative synergy 5 30 100 

forearm fixation 5 35 100 

grasp preparation 15 75 100 

grasp 30 90 100 

eye contact to table 35 95 100 

upper arm diagonal shift 35 100 100 

placing basket 5 60 100 

weight shift ipsilateral 45 100 100 

weight shift contralateral 100 100 100 

total components 37  81 100 
    
COMPENSATIONS       

trunk sidebending 85 75 20 

trunk forward rotation 95 90 30 

trunk backward rotation 80 80 10 

non-standard grasping 61 10 0 

upper arm abduction 70 55 10 

total compensations 77 62 14 
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Figure 3-1. Set-up for the Lift Basket task 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

A. Starting position  B. Ending position 
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CHAPTER 4 
EFFECTS OF CONSTRAINT-INDUCED MOVEMENT THERAPY ON QUALITY OF 

MOVEMENT POST-STROKE  

Introduction 

Constraint-Induced Movement Therapy (CIMT)1, 67, 68 has been a promising rehabilitation 

strategy during the past two decades.  CIMT is mainly used in the post-stroke population  The 

hypothesis of CIMT is that restraint of the less-affected upper-extremity will force the more-

affected extremity to overcome the phenomenon of “learned nonuse.”66, 67  Based on animal 

studies in which primates received surgical deafferentation of one upper-extremity, “learned 

nonuse” was defined as “an adverse learning cycle caused by unsuccessful motor attempts with 

the deafferented arm that resulted in pain, failure or uncoordinated movements.”1  The ultimate 

goals of CIMT are to break the adverse “learned nonuse” cycle and to further improve functional 

use of the affected upper-extremity.   

While substantial research evidence supports benefits of CIMT,1, 67, 68, 71, 105, 114, 118, 142, 143 

limited evidence is available regarding the underlying mechanisms that account for improved 

motor function.143  One of the most common reported outcomes is the Wolf Motor Function Test 

(WMFT).1, 50, 57, 67, 68, 102  Outcomes of WMFT have two parts: time to complete a task and score 

on an ordinal scale (Functional Ability Scale).  The resultant data indicate changes in movement 

efficiency and use of affected extremity.  This information, however, does not allow 

investigators to address direct changes in quality of movement.  Is a faster movement a better 

movement?  Do patients with stroke recover their pre-stroke movement after CIMT?  Do patients 

with stroke adopt compensatory strategies to perform tasks more efficiently after CIMT?        

In order to answer these questions, the author has developed the Essential-Movement 

Component Evaluation (EMCE) form, a research template to evaluate quality of movement.  The 

development of EMCE was based on a combined application of the Generalized Motor Program 
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(GMP) theory38, 85 and  the Eshkol-Wachman Movement Notation (EWMN) method.90-92  EMCE 

can provide crucial information about composition of a movement (i.e. movement component, 

sequence and strategy) and influence of compensatory movement.  In addition, EMCE was 

shown to have an excellent inter-rater [ICC(2,1)= .95; 95% CI= .89-.98; p< 0.001] and intra-rater 

reliability [ICC(2,1)= .93; 95% CI= .88-.96; p< 0.001] according to our previous study.132  In 

addition, the EMCE form had a small standard error of measurement (SEM= .33) and minimally 

detectable change (MDC= ±0.9).132  The high ICCs and subsequent low SEMs indicated that 

novice investigators, even those without formal rehabilitation training, can reliably document 

movement using the established ECME form and a short training and practice session.  

Evaluators with little training or knowledge of movement analysis can still reliably use a well-

established EMCE template to assess quality of movement in terms of movement components, 

sequence and strategy.  The aims of this study were 1) to determine the effects of CIMT on 

quality of movement measured by EMCE, and 2) to systematically categorize compensatory 

movement used in persons with stroke pre- and post-CIMT. 

Methods 

Participants 

Sixty participants were randomly selected from four CIMT studies that were conducted at 

the Department of Physical Therapy, University of Florida and the Brain Rehabilitation Research 

Center, Malcom Randall Veteran Affairs Medical Center, Gainesville, Florida.  Primary 

participant characteristics were presented, including age, gender, side of stroke and time since 

stroke.(Table 4-1)  Two groups of participants were included in this experiment: high-

functioning participants with stroke (n= 30), and low-functioning participants with stroke (n= 30).   

The participants with stroke were divided into two groups using their upper-extremity 

Fugl-Meyer motor scores: high-functioning (scores > 33) and low-functioning group (scores ≤ 
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33).  The Fugl-Meyer Assessment110 (see Appendix C) is regarded as an objective and 

quantifiable assessment of motor impairment.  The Fugl-Meyer Assessment is also a 

standardized assessment to measure recovery after stroke.  The upper-extremity Fugl-Meyer 

motor component (total score = 66) assesses the ability to move in/out of synergy, reflexes, wrist 

stability, grasping ability and coordination.  In stroke rehabilitation research, the Fugl-Meyer 

Assessment is frequently used as a primary outcome measure of impairment,74, 111 and has been 

shown to be predictive of dependency, functional level and recovery after stroke.58, 112-114  

All participants with stroke in this experiment met the following inclusion criteria: 1) the 

diagnosis of at least one stroke, but not more than three strokes on the same side of the brain, 2) 

stroke at least three months prior to study participation, 3) ability to follow simple instructions, 

4) a score of 20 or higher on the Mini Mental-State Exam,115 5) the ability to sit independently 

without back or arm support for two minutes, 6) the ability to stand with support of a straight 

cane, quad cane or hemi-walker for two minutes, 7) the ability to actively participate for six 

hours of therapy without long rests or nap periods, 8) passive range-of-motion of all upper-

extremity motions of at least half the normal range, 9) traditional CIMT minimal motor criteria.1, 

67, 116-118  Minimal motor criteria were defined as active movement of the wrist through at least 20 

degrees of extension from a relaxed flexed position, and active movement of at least three fingers 

(the thumb and two fingers) 20 degrees of extension at the metacarpal-phalangeal and proximal 

interphalangeal joints.   

Exclusion criteria for both stroke groups include 1) any health problems that put the 

individual at significant risk of harm during the study, 2) any other neurological conditions such 

as multiple sclerosis or Parkinson’s disease, 3) taking drugs for spasticity, 4) pain that is scored 

greater than 5/10 on the McGill Pain Scale119.  Furthermore, the participants were excluded if 
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they could not independently reach the handle of the basket for the “Lift Basket” task of the 

WMFT with or without support of a walking assistive device within the two-minute time period. 

Procedure 

All data used in this experiment were retrospectively retrieved from four previously 

completed studies.  All participants signed a consent form that was pre-approved by the 

Institutional Review Board of University of Florida for permission to be videotaped and have 

their videotapes analyzed for movement control.  The participants with stroke first received a 

series of pre-test evaluations that included the WMFT,1, 50, 64, 65, 101 which is a standardized 

evaluation in traditional CIMT.1, 65 

After completing the pre-test evaluations, the participants with stroke received two weeks 

(ten consecutive weekdays) of CIMT.  During the two-week intervention, the less-affected hand 

was immobilized in a padded mitt for 90% of the waking hours.  The mitt was to be worn at all 

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

activities, naps, when the less-affected limb is used for an assistive device in walking, and other 

circumstances where safety may be compromised).  During the ten consecutive weekdays, the 

participants with stroke received supervised task practice, using only their affected upper-

extremity for six hours a day.  The tasks included items such as: meal preparation, eating, 

grooming, home maintenance, games and hobbies.  The CIMT intervention emphasized 

substantial movement repetitions while performing functional activities of daily life.  After the 2-

week treatment, the participants with stroke received a series of post-test evaluations, which 

were the same as the pre-test evaluations. 

The movement task selected for this study was the “Lift Basket” task of the WMFT.  The 

WMFT is a standardized test and one of the primary outcomes in the CIMT studies.1, 50, 57, 58, 64, 

67, 68, 74, 101  The WMFT consists of a series of 15 timed tasks and two strength tasks that are 
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performed in either a sitting or standing position.  The 15 tasks are arranged in order of 

biomechanical complexity according to the joints involved and the level of difficulty.  The tasks 

progress from proximal to distal joint involvement and from gross to fine motor skills.50  A 

recent pilot study of Rasch measurement conducted by Wen and Velozo (unpublished) in 2003, 

however, has shown a different order of task difficulty. This indicates that Wolf’s conceptual 

task complexity is not reflected in participants’ responses.  For example, the last task, Lift Basket, 

which was supposed to be the most difficult task of WMFT became the second difficult task.  

The WMFT quantifies upper-extremity movement ability through timed single- or multiple-joint 

motions and functional tasks.50   

The last task in the WMFT, “Lift Basket,” is regarded as a complex task that demands 

efforts from multiple body systems, such as muscle strength, dynamic/standing balance, and 

inter-limb coordination.  The Rasch pilot study of Wen and Velozo (unpublished) demonstrated 

the “Lift Basket” task to be the second most difficult task of the WMFT in terms of item 

difficulty analysis.  As compared with a simple activity, such as reaching for an object on a table, 

“Lift Basket” is a representative activity with greater difficulty in our daily life.  This task 

requires involvement from the whole body.  Studying this task, therefore, can show how one 

body part interacts with others during movement.  Moreover, the “Lift Basket” task is an “out of 

synergy” movement that can target the limitations people with stroke have when performing a 

reaching and lifting task.88    

 “Lift Basket” task 

The set-up of the “Lift Basket” task included a basket, a desk (29” high) located in front of 

the participant and a bedside table (44” high) located on the participant’s side to be tested. 

(Figure 4-1A and 4-1B)  The bedside table extended along the width of the desk. The basket was 

placed on the desk and lined up with the center of the participants’ body.  A three-pound weight 
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was placed in the basket.  Participants were tested in a standing position while facing the desk. 

The set-up of the “Lift Basket” task is illustrated with its starting position (Figure 4-1A) and 

ending position (Figure 4-1B).  The task description was “Patient attempts to pick up basket by 

grasping handle (from underneath the handle) and placing the basket on far edge of the rolling 

bedside table.”  All participants were asked to “Pick up the basket with your hand and place the 

basket on the rolling table.  The far edge of the basket should go past the far edge of the bedside 

table.  Try not to move your feet while you do this task.  Do this as quickly as you can.”102  The 

subject’s movement progression was videotaped from a front view.  Participants’ video tapes 

were then converted to DVD in digital format using a Panasonic DVD recorder (model DMR-

E95HS) for further analyses of the Eshkol-Wachman Movement Notation (EWMN).  EWMN90-

92 is a movement language developed in Israel by professors Noa Eshkol and Avraham 

Wachman.  In the literature of human and animal behavior, EWMN has been shown to 

effectively describe various aspects of movement, such as time, speed, direction, magnitude, 

limb position, inter-limb spatial relations/coordination, sequence and trajectory.93-97   

Essential-Movement Component Evaluation form 

The Essential-Movement Component Evaluation (EMCE) Form (see Figure 4-2) was used 

to evaluate and document participants’ movement quality.  The EMCE form of EWMN 

encompasses ten sequencing movement components identified from participants without stroke, 

and compensatory trunk movements identified from the participants with stroke.  The ten 

essential-movement components of “Lift Basket” task include 1) eye contact with basket handles, 

2) initiative synergy: coupled but opposite movements of the arm and forearm, 3) forearm 

fixation: maintaining constant height of forearm in space while arm moves toward the basket, 4) 

contralateral weight shifting, 5) hand preparation for grasping, 6) grasping, 7) shift of eye contact 

to side tabletop, 8) diagonal shift of upper arm, 9) ipsilateral weight shifting, 10) forearm 
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movement of placing the basket.  The compensatory movements include 1) upper-arm abduction, 

2) trunk side-bending, 3) trunk forward rotation, 4) trunk backward rotation, and 5) non-standard 

grasping.  The detailed definition of the ten essential-movement components and compensatory 

movement can be found in Appendix A or the EMCE form (Figure 4-2).   

In this experiment, the one hundred and twenty video clips were converted to DVD in 

digital format using a Panasonic DVD recorder (model DMR-E95HS) for further analyses of 

EWMN.  In the laboratory, a physical therapist with three-year EWMN training experience 

played video clips frame-by-frame (30 frames/second) to grade participants’ movement using a 

Pioneer DVD player (model DVD-V7400). The EMCE form based on EWMN was used to 

analyze participants’ movement quality in terms of movement component, sequence, and 

strategy.132   

   The essential-movement components are first graded by whether a movement component 

is observed (0= No; 1= Yes).  The range of essential-movement component composite score is 0 

to 10.  Three essential-movement components are further graded by how much range-of-motion 

is observed (0= no movement observed; 1= 0º ≤ movement < 30º; 2= 30º ≤ movement < 60º; 3= 

30º ≤ movement < 60º).  The three essential-movement components are upper-arm movement 

with forearm fixation, diagonal shifting of upper arm (including horizontal and vertical shifting), 

and forearm movement to place the basket.    The compensatory movement is graded by whether 

a compensatory movement is observed. (0= No; 1= Yes)  The range of compensatory movement 

composite score is 0 to 5. 

Data Analysis 

A two-group (high-functioning and low-functioning stroke groups) x two-time (pre-CIMT 

and post-CIMT) analysis of variance (ANOVA) with repeated measures were conducted to 

analyze the six dependent variables in this study.  The dependent variables included essential-
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movement component composite scores and compensatory movement composite scores, and 

movement magnitude of the four movement components.  The significant level was set at .05.  In 

addition, the use of t-test was to determine pair-wise significance when the interaction (group x 

time) was statistically significant.  The prevalence of each essential-movement component and 

compensatory movement was also reported in percentage.    

Results 

Results of the 2(group) x 2 (testing times) ANOVAs with repeated measures conducted in 

this experiment are presented (Table 4-2).  Statistically significant differences existed between 

pre-CIMT and post-CIMT in upper-arm movement with forearm fixation and upper-arm 

horizontal shifting.  Between the two stroke groups, statistically significant differences were 

found in compensatory composite scores and all four movement magnitude variables.   

Results revealed a statistically significant group (high-functioning, low-functioning) x time 

(pre-CIMT, post-CIMT) interaction for essential-movement component composite scores (F(1, 58) 

= 7.05, p < 0.01).  Fig 4-3 was the interaction plot of two groups’ mean composite scores of 

essential-movement component.  Specifically, essential-movement component composite scores 

increased in the low functioning group from pre-CIMT to post-CIMT (t = -3.47, p < 0.01), but 

not in the high-functioning group (t = 0.28, p = 0.78).  A statistically significant group effect was 

found, indicating the low-functioning group adopted more compensatory movements than the 

high-functioning group. (F(1, 58) = 5.84, p < 0.05)  Percentages of observed movement component 

and compensatory movement from the three groups were reported. (Table 4-3)  For the 

percentage of compensatory movement, although both groups showed increased use of 

compensatory movement after CIMT, the changes were not statistically significant.   
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Discussion 

 CIMT leads to improvement in upper-extremity motor function post-stroke.1, 67, 68, 71, 105, 

114, 118, 142, 143  The underlying movement strategies that account for the functional improvement 

from CIMT remain unknown.143  In a recent article, Wolf defined clinically meaningful 

improvements of CIMT as a reduction in the numbers of the 15 timed WMFT tasks that could 

not be completed.109  His inference may be appropriate in terms of movement efficiency, but 

there was no indication how the individuals with stroke altered their movement quality.  The 

Essential-Movement Component Evaluation (EMCE) is a reliable, effective and economical 

method to examine quality of movement in terms of movement components, sequence, and 

strategy.132  The goal of this experiment was to use the EMCE method to study the effects of 

CIMT on the movement quality of a reaching-grasping-lifting-placing task (i.e. Lift Basket) in 

WMFT.     

Essential-Movement Component  

The statistically significant interaction between time and group for the essential-movement 

component composite scores indicates the impact of treatment depended on the groups.  The 

interpretation of the main effects (group or time) was incomplete and misleading.  Treatment 

effects of CIMT on the essential-movement component, therefore, depended on the severity or 

level of the impairment.   Post hoc analyses indicated that the composite scores were 

significantly increased after CIMT in the low-functioning group, but not in the high-functioning 

group.  CIMT seemed to have more effect on restoring essential-movement components in the 

low-functioning group than in the high-functioning group.  A possible explanation may be that 

the low-functioning group had fewer movement components pre-CIMT than the high-

functioning group.  In the low-functioning group six out of the ten essential-movement 

components were lower than 50 percent on the pre-test.  These underutilized components in the 



 

83 

low-functioning group included initiative synergy, forearm fixation, grasping preparation, 

grasping, upper-arm diagonal shifting, and placing basket.   The high-functioning group did not 

show statistically significant change in the essential-movement component total score after the 

intervention.  On the prevalence table (Table 4-3), two underutilized components were found: 

initiative synergy and forearm fixation.  Regarding movement magnitude, two components 

(upper-arm movement forearm fixation and upper-arm horizontal shifting) showed statistically 

significant treatment effects.  Those treatment effects indicated that CIMT promoted range-of-

motion of shoulder flexion and horizontal abduction.    

The initiative synergy is an essential-movement component that acted as a preparatory step 

of reaching.  Instead of moving the upper arm directly to the target, the forearm and upper arm 

simultaneously initiate the task in opposite directions (i.e. a couple movement of shoulder 

extension and elbow flexion on the sagittal plane).  Then the forearm and upper arm move 

forward toward the basket handle.  This short time delay caused by the initiative synergy 

provides the forearm an opportunity to prepare its appropriate position for later reaching.  

Forearm fixation is a subsequent aiming movement that keeps the forearm in a fixed height until 

the hand reaches to the target.  Without this aiming movement, the process of reaching requires 

more adjustments and the movement becomes unsmooth and segmental. Grasping preparation is 

a crucial component to have a successful grasp.  An inappropriate hand opening can impede 

formation of a secure grasp.45, 77, 144  Upper-arm diagonal shifting (shoulder flexion and 

abduction) and placing basket (elbow extension) are two “out of synergy” movements.  

According to Brunnstrom, these movements are often difficult to regain for people post-stroke.12   

Except for forearm fixation showing decreased use, after receiving CIMT, most of the 

underutilized components in the low-functioning group increased or maintained their pre-CIMT 
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use,.  In addition to forearm fixation, the high-functioning group had more declining components 

than the low-functioning group, including grasping preparation and grasping.  The allowance of 

compensatory movement during CIMT training may have lead to the decline in essential-

movement components.  The limitations in movement control may be different for high- and low 

functioning groups.  Forced use of the affected extremity possibly encouraged and elicited the 

exploration of underutilized essential-movement components in the low-functioning group.  

When having more pre-existing essential-movement components, the same training, however, 

may encourage the use of compensatory movement in the high-functioning group in order to 

meet the speed command of the task.        

Compensatory Movement   

There was no statistically significant treatment effect on the total compensatory movement 

score, indicating CIMT did not increase the use of compensatory movements.   A possible 

explanation was that increased use of certain compensatory movements was offset by decreased 

use of others, such as trunk side-bending and non-standard grasping.  In addition, a statistically 

significant group effect was found, indicating the low-functioning group adopted more 

compensatory movements than the high-functioning group. (F(1, 58) = 5.84, p < 0.05)   

Most of the compensatory movements were frequently observed in both groups pre- and 

post-CIMT.  Initiative synergy was often substituted by the trunk side-bending to the 

contralateral side along with shoulder abduction.  Instead of moving the upper arm forward with 

forearm fixation, the elbow joint was locked at 90 degree of flexion during the whole reaching 

part of the task.  In order to reach for the basket, therefore, the trunk had to forward rotate so that 

the hand could perform the subsequent grasping movement.  Two non-standard grasping 

compensatory movements were observed: wrist and reversed maneuvers.  In the wrist maneuver 

the hand went under and passed the basket handle, and then the wrist lifted the basket.  The 
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reversed maneuver was that the hand grasped the basket handle with the thumb pointing toward 

the individual.  The compensatory grasping maneuvers appeared to occur for individuals who 

could not perform grasping preparation (hand opening) and forearm supination.  When the upper 

arm shifted diagonally to lift the basket, trunk backward rotation often assisted the lifting.  

Elbow extension was necessary for placing the basket onto the high table.  Ipsilateral weight 

shifting, however, took the place of elbow movement, and the elbow often remained at 90 degree 

of flexion.  Generally speaking, the low-functioning group often substituted compensatory 

movements for the essential-movement components, which may indicate the inability to recruit 

certain body parts17, 42, 45, 75, 89, 135, 136 or muscle weakness.8, 10, 11, 18, 19  Additionally, the proximal 

body parts, which include the upper arm and trunk, often dominated the movement or incorrectly 

initiated the movement.  Although the high-functioning group used the essential-movement 

components, compensatory movements still appeared, but functioned as assistance.  A table is 

presented to summarize the aforementioned compensatory movements. (Table 4-4) 

CIMT is a rehabilitative approach based on the task-oriented model.25, 109 The task-oriented 

model assumes that “control of movement is organized around goal-directed, functional 

behaviors rather than on muscles or movement patterns.”145  The task-oriented model also 

encourages the individual to actively participate in solving motor challenges.146   In 

rehabilitation, practicing a motor task or activity should be functionally based and practiced in a 

variety of contexts.  Thus, the patient can develop and implement the strategies learned for future 

tasks after discharge from therapy.  The two training modes of CIMT are repetitive task practice 

and adaptive task practice.109   Repetitive task practice emphasizes continuous attempts to 

execute movements of a repeated nature, such as dusting, eating, or combing.  The practice is 

designed to enhance problem-solving skills.  Adaptive task practice uses the principles of operant 



 

86 

or instrumental conditioning to repeatedly perform a defined task in a series of trials.  During 

each trial, the task has a defined duration.  The goal of adaptive task practice is either to increase 

the successful repetitions or to use less time to complete the task.  From the standpoint of the 

task-oriented model, both practice modes imply that compensatory movement is acceptable and 

should be encouraged if function is improved.137, 147  The allowance of compensatory movement 

during CIMT training may be based on some controversial assumptions: 1) movement 

impairment is not reversible; 2) improvement on goal-directed functional tasks is more 

meaningful to patient’s recovery than improvement on movement quality; or 3) faster movement 

or more completions indicates better motor control or coordination.  

Recent studies suggest that impaired movement components may be reversible and not 

normally just recruited post-stroke.89, 135, 136, 141   Trunk restraint to prevent its compensatory 

contribution toward a reaching or pointing task while training can induce more upper extremity 

movement.  For instance, Michaelsen, Dannenbaum and Levin, reported that for the control 

group (no trunk restraint) after one-month of arm training, trunk compensatory movement 

increased, but for the experimental group decreased trunk movement and increased elbow 

extension were found.135  Trunk restraint allowed patients with stroke to make use of arm joint 

ranges that were present but not normally recruited during unrestrained arm-reaching tasks.  

Thus, the underlying "normal" patterns of movement coordination may not be entirely lost after 

stroke.135  Changing movement pattern, including restoration of essential-movement component 

and inhibition of compensatory movement can be beneficial to improve quality of movement.138, 

139    

Whether functional recovery is simply goal attainment, or improved movement control 

while accomplishing the goal, still remains debatable.146  Task-oriented intervention, such as 
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CIMT, focuses on task completion as fast or as many times as possible, without consideration of 

compensatory movements.  Moving faster with greater numbers of repetitions appears to indicate 

improved function in the laboratory, but when individuals return to the community, the less 

coordinated or awkward movement may adversely affect self image, especially in the public.  

Allowance of compensatory movement can be detrimental to the recovery process.  For example, 

if a client with stroke can not walk, and they choose to use a powered wheelchair in order to 

compensate the impaired function and to attain the goal of independent mobility.  The ability of 

walking would never be restored.  Quality of movement does matter in our daily life.107, 140  After 

our clients can perform certain representative functional activities, such as walking and reaching, 

improvement in quality of these movements becomes their next ultimate goal.     

In this study, movement quality is defined as movement that approximates normal 

movement.  Normal movement is that observed in people without disorders that affect movement 

execution.82, 83  In addition, normal movement encompasses movement components that are 

required for executing a movement (i.e. essential-movement component) in a sequencing manner 

without using compensatory movement.  EMCE method can effectively pinpoint the missing 

essential-movement components and compensatory movement.  The beneficial information 

gathered from the EMCE form can assist clinicians to design appropriate and tailored training 

programs for their clients if movement quality is a treatment goal.   The goals of CIMT training 

can then be further clarified to improve the essential-movement components, re-establishment of 

normal movement sequence, and prevention of compensatory movement.     

Limitation 

Evaluation of the Lift Basket task was under the condition that tested participants’ 

maximal capacity.  The participants were asked to execute the task as quickly as possible.  

Adoption of compensatory movement under this situation, however, may not indicate this 
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strategy will be seen when participants performs the task at a self-paced comfortable speed.  For 

future study, investigation of compensatory movement while performing at a self-paced speed 

may be necessary. 

Conclusions 

A statistically significant interaction between time and group for essential-movement 

component composite scores was found, indicating treatment effects of CIMT on essential-

movement component depended on the severity level of impairment.   The composite scores 

significantly increased only in the low-functioning group, but no significant changes were found 

in the high-functioning group.  Although there was no statistically significant treatment effect on 

compensatory movement scores, increased use of compensatory movement was found in both 

groups.  In order to improve movement quality post-stroke, the goals of CIMT training, 

therefore, need to be expanded to increase the function of underused essential-movement 

components, re-establish normal movement sequences, and prevent compensatory movements. 
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Table 4-1. Demographic information of participants 
High-functioning stroke group  Low-functioning stroke group    

(n = 30) (n = 30) 

Mean ± SD 64 ± 14.83 69.48 ± 10.62 
Age (year) 

Range 32 - 89 37 - 86 

Gender (Male/Female) 18/12 22/8 

Affected side (R/L) 17/13 12/18 

Pre-CIMT        
[mean±SD (range)] 46.6 ± 7.54 (35-61) 26.2 ± 5.82 (8-33) 

Upper Extremity Fugl-Myer scores  (maximum: 66) 
Post-CIMT        
[mean±SD (range)] 49.03 ± 8.39 (33-63) 30.6 ± 7.91 (10-47) 

Pre-CIMT        
[mean±SD (range)] 16.38 ± 18.88 (0.61-69.49) 65.99 ± 26.39 (5.12-110.26) 

Averaged Wolf Motor Function Test time (second) 
Post-CIMT        
[mean±SD (range)] 11.85 ± 13.21 (0.66-42.42) 54.67 ± 31.16 (2.99-110.01) 

 
Table 4-2. Repeated measure ANOVA results for composite scores of essential-movement 

component and compensatory movement, and movement magnitude of three 
movement components. (α = .05)  

Parameters Time Group Time x Group 
Pillai's Trace F p-value F p-value F p-value 

Total Components 5.11 < 0.05* 40.88 < 0.001* 7.05 < 0.01* 

Total Compensations 2.61 0.11 5.84 < 0.05* 0.29 0.59 

Upper Arm Movement with fixation 8.42 < 0.01* 17.44 < 0.001* 3.74 0.06 

Upper Arm Horizontal Shifting 7.8 < 0.01* 29.04 < 0.001* < 0.001 1 

Upper Arm Vertical Shifting 1.08 0.3 24.77 < 0.001* 1.91 0.17 
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Placing Basket 1.12 0.29 26.85 < 0.001* 0.01 0.91 
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Table 4-3. Percentage of observed essential-movement components and compensatory 
movements of Lift Basket task in high- and low-functioning stroke groups. 

  Group 
 Low-functioning High-functioning 
ESSENTIAL MOVEMENT 
COMPONENTS Pre-CIMT Post-CIMT Pre-CIMT Post-CIMT 

eye contact to basket 93 100 100 100 
initiative synergy 7 13 30 37 
forearm fixation 13 0 33 23 
grasp preparation 20 20 73 63 
grasp 40 67 90 73 
eye contact to table 50 73 97 97 
upper arm diagonal shift 47 70 97 97 
placing basket 13 13 57 77 
weight shift ipsilateral 50 60 93 97 
weight shift contralateral 100 100 100 100 
total components 43 52 77 76 
     
COMPENSATIONS         
trunk sidebending 87 83 73 67 
trunk forward rotation 93 97 93 87 
trunk backward rotation 77 97 77 87 
non-standard grasping 50 33 10 27 
upper arm elevation 67 77 47 60 
total compensations 75 77 60 65 
 
Table 4-4. Corresponding compensatory movement of the Lift Basket task observed in 

individuals with stroke. 
Stages Movement Component Compensatory Movement  

Trunk side-bending Initiative synergy 
Shoulder abduction 
Elbow locked at 90° flexion 

Reaching 

Upper arm movement with forearm fixation 
Trunk forward rotation 

Grasping Grasping Wrist or reversed maneuver 

Lifting Upper arm diagonal shifting Trunk backward rotation 

Placing  Placing basket Ipsilateral weight shifting 
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Figure 4-1. Starting and ending positions of the Lift Basket task 

 

 

 

 

 

A. Starting position B. Ending position 
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Figure 4-2. Essential-Movement Component Evaluation Form 

 

 

 

Movement Rating Scale of “Lifting Basket” in Wolf Motor Function Test 
Date: ______________   
Participant: ____________   
Rater:  
Movement  Component       
eye contact- basket handle       
initiative synergy       
UA m't with forearm (f)       
Upper arm abduction       
trunk side-bending       
trunk flexion/rotation       
grasping preparation       
grasping         
Non-standard grasping       
eye contact- side table       
diagonal H/V shifting       
placing basket       
trunk extension/rotation        
trunk side-bending       
weight shifting- ipsilateral       
weight shifting- contralateral        

Essential-Movement Component Definition 
1. Eye contact: eye contact with the targets (handles of basket or side tabletop) 
2. Initiative synergy: forearm and upper arm simultaneously initiate the task in opposite directions  
3. Movement of upper arm with fixation of forearm: forearm height in space is fixed while approaching the 

basket; amount of upper arm movement is graded   
4. Weight shifting: whole body shifts to the ipsilateral or contralateral side   
5. Grasping preparation: hand opens before grasping handles of basket 
6. Grasping: fingers approximate each other after hand contacts with the handles of the basket from 

underneath the handles 
7. Diagonal shifting: 1) release basket from contact with front table, then transport basket to side table 

                             2) this movement comprises two sub-components: horizontal shift and vertical shift   
8. Placing basket: basket is brought to top of side table 

   **Compensatory movement (shaded cells): 1) having extra trunk or upper arm use, which assists or replaces 
prime movers or 2) not grasping the basket handles from underneath the handles 

Movement Grading  
 

I. Nominal Data (eye contact, initiative synergy, weight shifting, grasping preparation, grasping and 
compensatory movement)  

                0 = no movement observed 
                1 = movement observed 

    II. Ordinal Data (movement of upper arm with fixation of forearm, diagonal shifting, and placing 
basket)   

0 = no movement observed 
1 = less than 30° of movement as compared with the previous limb position 
2 = 30 ≤ movement < 60° 
3 = 60° ≤ movement < 90°
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Figure 4-3. Mean composite scores of essential-movement component for high-functioning and 

low-functioning stroke groups before and after receiving CIMT. 
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CHAPTER 5 
GENERAL SUMMARY AND CONCLUSIONS 

Specific and detailed discussions have been provided in the previous chapters regarding the 

three studies using the Essential-Movement Component Evaluation (EMCE) form to examine 

quality of movement for CIMT intervention and stroke rehabilitation.  The purpose of this 

chapter is to summarize and integrate the major findings for each experiment. 

Overview 

Scientists and clinicians have developed numerous methods to measure movement 

impairment following stroke.  Quality of movement, however, has not been objectively measured 

in clinical or research settings.  The Functional Ability Scale (FAS; see Table 2-1) is a measure 

of movement quality currently used in Constraint-Induced Movement Therapy research, but its 

outcomes provide limited information about functional improvement and quality of movement.72   

Three experiments were included in this dissertation.  The first experiment (Chapter 2) was 

to develop a clinically feasible template, EMCE, to measure quality of movement post-stroke 

based on a combined application of the Generalized Motor Program (GMP) theory38, 85 and  the 

Eshkol-Wachman Movement Notation (EWMN) method.90-92  In addition, the inter- and intra-

rater reliability of the EMCE form were established. The second experiment (Chapter 3) was to 

present a method of measuring movement quality (i.e. EMCE) and to explore if this method can 

distinguish problematic movement patterns observed in people with stroke.  Finally, the third 

experiment (Chapter 4) was to use the EMCE to investigate the effect of CIMT on movement 

quality in terms of essential-movement components, sequence and strategy.  

Experiment I Summary 

The goals of this study were to develop a quality of movement evaluation form and to 

further determine the inter- and intra-rater reliability of this evaluation form.  Using the EWMN 
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method, ten movement components and five compensatory movements were identified and 

included on the EMCE form for the “Lift Basket” task of WMFT.   The ten essential-movement 

components of the task include 1) eye contact with basket handles, 2) initiative synergy: coupled 

but opposite movements of the arm and forearm (i.e. simultaneous shoulder extension and elbow 

flexion on the sagittal plane), 3) upper-arm movement with forearm fixation: maintaining 

constant height of the forearm in space while the upper arm moves forward toward the basket, 4) 

contralateral weight shifting, 5) grasping preparation: opening the hand, 6) grasping, 7) shift of 

eye contact to the high tabletop, 8) diagonal shift of upper arm (i.e. shoulder flexion and 

abduction), 9) ipsilateral weight shifting, 10) placing the basket (i.e. elbow extension).  The 

compensatory movements include 1) upper-arm abduction, 2) trunk side-bending, 3) trunk 

forward rotation, 4) trunk backward rotation, and 5) non-standard grasping.   

The results of this study indicated that the movement components of the Lift Basket task 

analyzed can be assessed reliably with a minimal degree of error.  The ICCs for intra- and inter-

rater reliability were excellent (.89-.97 and .90-.95, respectively), suggesting excellent agreement 

both within and between raters.  The SEM for inter-rater reliability was 0.52 and intra-rater 

reliability ranged from 0.15 to 0.47.  This represented an error of measurement ranging from 

0.15 to 0.52.  A smaller SEM relates to higher reliability of the test and therefore, more precision 

in the measure. 

The high ICCs and subsequent low SEMs demonstrate that novice investigators, even 

those without formal rehabilitation or movement training, can reliably document movement 

using the established ECME form and a short training and practice session.  The SEM represents 

the standard deviation of measurement errors and reflects the extent of expected error in repeated 

measurements or different raters’ scores.120, 121   SEM is directly related to the reliability of a test.  
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The larger the SEM, the lower the reliability of the test and the less precision there is in the 

measures taken and scores obtained.  The MDC reflects the smallest detectable difference that 

can be considered “actual change” that exceeds measurement error.  The MDC for the total score 

of the essential-movement components was 0.90; this means a participant must exceed a change 

of .90 in the essential-movement component total score to identify the change as true and not due 

to measurement error.  Therefore, if a person scores a 4 on the pre-test and a 5 on the post-test, 

we can be sure the change is real and not due to measurement error. 

While most of the 10 component movements demonstrated excellent intra-reliability, an 

analysis of individual items demonstrated that the fixation item (upper-arm movement with 

forearm fixation), had a lower ICC value (.72), although still good.98-100  The recognition of 

compensatory movement patterns, such as using forward trunk rotation to compensate for lack of 

upper-arm and forearm movement, may be a skill that requires more advanced training.  Physical 

and occupational therapists should have the skills to identify these compensatory movements.  

The PT (Rater 1) and OT (Rater 2) participated in the reliability study had higher overall ICCs 

(.91 and .97) than the non-rehabilitation professional (Rater 3) (.89), although the non-

professional still had an overall excellent ICC.  This trend held true for the total ICCs and SEMs.  

These results suggest EMCE is an effective measure with excellent rater reliability.  Evaluators 

with little training or knowledge of movement analysis can still reliably use a well-established 

EMCE template to assess quality of movement.   

Experiment II Summary 

The goal of this study was to apply the EMCE form to a larger sample to examine the 

differences between people with and without stroke in terms of quality of movement. The results 

from the ANOVAs showed there were statistically significant differences between the means of 

the groups for total score of essential-movement components, the total score of compensatory 
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movements, and the movement magnitude of the three essential-movement components.  In 

accordance with the hypothesis, the results suggested that the EMCE form for the Lift Basket 

task was able to effectively distinguish the differences between normal individuals and the two 

different stroke groups.  As for the post-hoc analyses, no significant differences were found in 

the movement magnitude of the upper-arm horizontal and vertical shifting between the high-

functioning and normal group.  These non-significant results suggest that in the high-functioning 

stroke group the movement of the upper-arm was not significantly different during this lifting 

component than the normal group.  No significant differences were noted, however, between the 

high- and low-functioning groups in the total score of compensatory movements or in the 

magnitude of upper-arm movement with forearm fixation.  Unlike the lifting component, during 

the early phase of reaching (i.e. upper-arm movement with fixation) the high-functioning group 

was not statistically different than that of the low-functioning group.  A possible explanation can 

be that the high-functioning stroke group adopted compensatory movement during reaching even 

when their function was improved.  The compensatory movements observed included movement 

initiation with upper-arm abduction, trunk side-bending, and trunk forward rotation.  Adopting 

these compensatory movements in the high-functioning stroke group can be an indication of the 

habitual movement strategy that followed the previous atypical synergy while their upper 

extremity function was still limited.  

The percentage of every essential-movement component in the two stroke groups was 

observed less as impairment level increased, except for contralateral weight shifting which was 

the same for both the high and low functioning groups.  People with stroke have the tendency to 

bear their weight on the less affected side, but have difficulty in shifting the weight to the 

affected side.44, 133  The inability to shift body weight from one side to another may cause 
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decreased ability to engage in dynamic activities, such as reaching or walking.134  The most 

impaired essential-movement components found in the low-functioning stroke group included 

initiative synergy (preparation for reaching), forearm fixation (aiming), grasp preparation (hand 

opening), grasp, eye contact to high table (estimation for height of lifting), upper-arm diagonal 

shifting (upper-arm strength), and placing basket (elbow extension).  The initiative synergy is an 

essential-movement component that acted as a preparatory step of reaching.  Instead of moving 

the upper arm directly to the target, the forearm and upper arm simultaneously initiated the task 

in opposite directions (i.e. a couple movement of shoulder extension and elbow flexion on the 

sagittal plane).  Then the forearm and upper arm move forward toward the basket handle.  This 

short time delay caused by the initiative synergy provides the forearm an opportunity to prepare 

its appropriate position for later reaching.  Forearm fixation is an aiming movement that keeps 

the forearm in a fixed height until the hand reaches to the target.   

According to the GMP theory, actions controlled by the same GMP share the same 

invariant features, such as the sequencing of submovements, relative timing and relative forces.  

Movements governed by the same GMP differ from each other in the assignment of variant 

movement parameters, for instance absolute time, absolute force, and selection of effectors.38, 85, 

86  In line with the GMP theory, invariant submovements in a fixed movement sequence can be 

identified when different individuals execute the same activity.  In this experiment, decreased 

use of essential-movement component with the increase of compensatory movements was found 

as impairment level increased.  These results indicated that the motor programming may be 

altered in people with stroke.  Having less essential-movement components forced individuals 

with stroke to adopt more compensatory movements.  Underutilized essential-movement 

components in stroke groups provide clinicians a useful direction of treatment.  Instead of simply 
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emphasizing repetition and speed, an effective training program may also focus on restoring 

underutilized essential-movement components in a sequencing manner.   

Compensatory movements were found in all three groups, but the prevalence increased as 

impairment levels increased from normal, to high-functioning, to low-functioning.  Possible 

reasons for the normal group adopting compensatory movements were inaccurate basket 

placement, short body structure, or muscle weakness.  When these conditions exist, the upper 

arm and trunk may need to compensate for the discrepancy in the position of the basket.  For the 

low-functioning stroke group, however, compensatory movements were often substituted for 

essential-movement components, which may indicate the inability to recruit certain body parts17, 

42, 45, 75, 89, 135, 136 or muscle weakness.8, 10, 11, 18, 19  Additionally, the proximal body parts, which 

include upper arm and trunk, often dominated the movement or incorrectly initiated the 

movement, for example, the movement was initiated by trunk side-bending or upper arm 

abduction.  For the high-functioning group, while the essential-movement components were 

observed, compensatory movements still appeared, but functioned as assistance for the essential-

movement components.   

Whether compensatory movement is a necessary post-stroke adaptation, which should not 

be corrected remains controversial.137-139  Some recent studies, however, have shown that 

emphasis on training certain underutilized movement components during reaching, such as 

elbow and shoulder range-of-motion can significantly improve movement quality.107, 140  On the 

other hand, restraint of the trunk to prevent its compensatory contribution toward a reaching or 

pointing task, while training, can actually induce more upper extremity movement89, 135, 136, 141  

Trunk restraint allows patients with stroke to make use of arm joint ranges that are present but 

not normally recruited during unrestrained arm-reaching tasks. Thus, the underlying "normal" 
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patterns of movement coordination may not be entirely lost after a stroke and underutilized 

essential-movement component may be restorable.135  In order to improve quality of movement, 

therefore, restoration of underused essential-movement component and reduction or inhibition of 

compensatory movements may be two priority goals for treatment.      

Experiment III Summary 

The goals of the third experiment were to determine the effects of CIMT on quality of 

movement as measured by EMCE, and to systematically categorize compensatory movements 

used by persons with stroke pre- and post-CIMT.  The results revealed a statistically significant 

interaction between time and group for the essential-movement component composite scores 

indicates the impact of treatment depended on the groups.  The interpretation of the main effects 

(group or time) was incomplete and misleading.  Treatment effects of CIMT on the essential-

movement component, therefore, depended on the severity or level of the impairment.   Post hoc 

analyses indicated that the composite scores were significantly increased after CIMT in the low-

functioning group, but not in the high-functioning group.  CIMT seemed to have more effect on 

restoring essential-movement components in the low-functioning group than in the high-

functioning group.  A possible explanation may be that the low-functioning group had fewer 

movement components pre-CIMT than the high-functioning group.  In the low-functioning group 

six out of the ten essential-movement components were lower than 50 percent on the pre-test.  

These underutilized components in the low-functioning group included initiative synergy, 

forearm fixation, grasping preparation, grasping, upper-arm diagonal shifting, and placing 

basket.   The high-functioning group did not show statistically significant change in the essential-

movement component total score after the intervention.  On the prevalence table (Table 4-3), two 

underutilized components were found: initiative synergy and forearm fixation.  Regarding 

movement magnitude, two components (upper-arm movement forearm fixation and upper-arm 
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horizontal shifting) showed statistically significant treatment effects.  Those treatment effects 

indicated that CIMT promoted range-of-motion of shoulder flexion and horizontal abduction.    

The initiative synergy is an essential-movement component that acted as a preparatory step 

of reaching.  Instead of moving the upper arm directly to the target, the forearm and upper arm 

simultaneously initiate the task in opposite directions (i.e. a couple movement of shoulder 

extension and elbow flexion on the sagittal plane).  Then the forearm and upper arm move 

forward toward the basket handle.  This short time delay caused by the initiative synergy 

provides the forearm an opportunity to prepare its appropriate position for later reaching.  

Forearm fixation is a subsequent aiming movement that keeps the forearm in a fixed height until 

the hand reaches to the target.  Without this aiming movement, the process of reaching requires 

more adjustments and the movement becomes unsmooth and segmental. Grasping preparation is 

a crucial component to have a successful grasp.  An inappropriate hand opening can impede 

formation of a secure grasp.45, 77, 144  Upper-arm diagonal shifting (shoulder flexion and 

abduction) and placing basket (elbow extension) are two “out of synergy” movements.  

According to Brunnstrom, these movements are often difficult to regain for people post-stroke.12   

Except for forearm fixation showing decreased use, after receiving CIMT, most of the 

underutilized components in the low-functioning group increased or maintained their pre-CIMT 

use,.  In addition to forearm fixation, the high-functioning group had more declining components 

than the low-functioning group, including grasping preparation and grasping.  The allowance of 

compensatory movement during CIMT training may have lead to the decline in essential-

movement components.  The limitations in movement control may be different for high- and low 

functioning groups.  Forced use of the affected extremity possibly encouraged and elicited the 

exploration of underutilized essential-movement components in the low-functioning group.  
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When having more pre-existing essential-movement components, the same training, however, 

may encourage the use of compensatory movement in the high-functioning group in order to 

meet the speed command of the task.  There was no statistically significant treatment effect on 

the total compensatory movement score, indicating CIMT did not increase the use of 

compensatory movements.   A possible explanation was that increased use of certain 

compensatory movements was offset by decreased use of others, such as trunk side-bending and 

non-standard grasping.  In addition, a statistically significant group effect was found, indicating 

the low-functioning group adopted more compensatory movements than the high-functioning 

group.  

Most of the compensatory movements were frequently observed in both groups pre- and 

post-CIMT.  Initiative synergy was often substituted by the trunk side-bending to the 

contralateral side along with shoulder abduction.  Instead of moving the upper arm forward with 

forearm fixation, the elbow joint was locked at 90 degree of flexion during the whole reaching 

part of the task.  In order to reach for the basket, therefore, the trunk had to forward rotate so that 

the hand could perform the subsequent grasping movement.  Two non-standard grasping 

compensatory movements were observed: wrist and reversed maneuvers.  In the wrist maneuver 

the hand went under and passed the basket handle, and then the wrist lifted the basket.  The 

reversed maneuver was that the hand grasped the basket handle with the thumb pointing toward 

the individual.  The compensatory grasping maneuvers appeared to occur for individuals who 

could not perform grasping preparation (hand opening) and forearm supination.  When the upper 

arm shifted diagonally to lift the basket, trunk backward rotation often assisted the lifting.  

Elbow extension was necessary for placing the basket onto the high table.  Ipsilateral weight 

shifting, however, took the place of elbow movement, and the elbow often remained at 90 degree 
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of flexion.  Generally speaking, the low-functioning group often substituted compensatory 

movements for the essential-movement components, which may indicate the inability to recruit 

certain body parts17, 42, 45, 75, 89, 135, 136 or muscle weakness.8, 10, 11, 18, 19  Additionally, the proximal 

body parts, which include the upper arm and trunk, often dominated the movement or incorrectly 

initiated the movement.  Although the high-functioning group used the essential-movement 

components, compensatory movements still appeared, but functioned as assistance. 

General Conclusions 

The EMCE method can effectively pinpoint missing essential-movement component and 

compensatory movement.  With appropriate training of EWMN, researchers could develop 

EMCE forms to evaluate movement quality for representative activities of daily living.  The 

beneficial information gathered from the EMCE form will assist clinicians to design appropriate 

and tailored training programs for their clients.   

CIMT is a rehabilitative approach based on the task-oriented model.25, 109 The task-oriented 

model assumes that “control of movement is organized around goal-directed, functional 

behaviors rather than on muscles or movement patterns.”145  The task-oriented model also 

encourages the individual to actively participate in solving motor challenges.146   In 

rehabilitation, practicing a motor task or activity should be functionally based and practiced in a 

variety of contexts.  Thus, the patient can develop and implement the strategies learned for future 

tasks after discharge from therapy.  The two training modes of CIMT are repetitive task practice 

and adaptive task practice.109   Repetitive task practice emphasizes continuous attempts to 

execute movements of a repeated nature, such as dusting, eating, or combing.  The practice is 

designed to enhance problem-solving skills.  Adaptive task practice uses the principles of operant 

or instrumental conditioning to repeatedly perform a defined task in a series of trials.  During 

each trial, the task has a defined duration.  The goal of adaptive task practice is either to increase 
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the successful repetitions or to use less time to complete the task.  From the standpoint of the 

task-oriented model, both practice modes imply that compensatory movement is acceptable and 

should be encouraged if function is improved.137, 147  According to the results of this study, the 

methodology of CIMT did not improve quality of movement in terms of compensatory 

movements (Table 4-3), which were not seen in people without neurological disorders.  Most of 

the compensatory movements, however, were frequently observed in both groups pre- and post-

CIMT. 

Why do individuals with stroke choose compensatory movements in the “Lift Basket” 

task?   A potential explanation can be the speed required to perform the task.  The subjects were 

asked to execute the Lift Basket task as fast as possible, which tested individuals’ maximal 

capacity.  In order to reach for the target at the fastest speed, use of compensatory movements 

may be just a representation of the trade-off between speed and movement quality.  This 

argument seems legitimate, but several recent studies have reported that individuals post-stroke 

also use compensatory movements when reaching at a self-paced or comfortable speed.45, 135, 148     

Whether functional recovery is simply goal attainment or improved movement pattern in 

accomplishing the goal still remains debatable.146  Achieving good movement quality is an 

important goal for people recovering from a stroke.  A movement of good quality is one that 

approximates normal movement.82, 83  Normal movement encompasses movement components 

that are required for executing a movement (i.e. essential-movement components) in a 

sequencing manner without using compensatory movements.    The goals of CIMT training, 

therefore, need to be expanded to increase the function of underused essential-movement 

components, re-establish normal movement sequences, and prevent compensatory movements.  

In order to improve movement quality and motor relearning,  the incorporation of appropriate 



 

105 

guidance that emphasizes normal movement component, sequence, and strategy may be 

necessary for future CIMT.30, 38   
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APPENDIX A 
PILOT DATA 

Pilot Study 1 

Purpose 

The purpose of Pilot Study 1 was to conduct the proposed project with a small number of 

participants to determine the feasibility of utilizing the planned methodology in reliability tests 

for EWMN. 

Aim: To determine the feasibility of conducting the inter-rater reliability and intra-rater 

reliability for EWMN.    

Hypothesis 1. The preliminary result of intra-rater reliability test will show a high 

percentage of agreement, which will exceed 90 percent, between two separate testing times.  

Hypothesis 2. The preliminary result of inter-rater reliability test will show a high 

percentage of agreement, which will exceed 90 percent, among three different raters. 

Participants 

Three participants without stroke were randomly selected from a control group for this 

study.  All participants were voluntarily recruited from the local community.  Their demographic 

information is listed (Table A-1). 

Method/Data Analysis 

Three participants’ video tapes of the “Lift Basket” task were first converted to DVD in 

digital format using a Panasonic DVD recorder (model DMR-E95HS).  In the laboratory, three 

raters with at least three-years EWMN training experience, then played video clips frame-by-

frame (30 frames/second) to grade participants’ movement using EWMN at separate times, using 

a Pioneer DVD player (model DVD-V7400).  One week after this viewing session, the same 
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raters were asked to grade the same participants’ movement.  Percent of agreement was 

calculated for inter-rater and intra-rater reliability.   

Results and Conclusion 

For the intra-rater reliability test, the percentage of agreement was 98%.  For the inter-rater 

reliability test, the percentage of agreement was 96%.  Both intra-rater reliability and inter-rater 

reliability showed values higher than 90%.  The results indicate that after adequate training in 

EWMN, raters can perform the evaluations reliably. 

Pilot Study 2 

Purpose 

The purpose of Pilot Study 2 was to conduct the proposed project with a small number of 

participants to determine feasibility of utilizing the planned methodology in determining 

invariant features of the “Lift Basket” task using the EWMN method. 

Participants 

Eight participants without stroke (age range: 50~79 y/o; mean age: 70 y/o; 4M/4F) were 

randomly selected from a control group for this study.  All participants were voluntarily recruited 

from the local community.   

Method/Data Analysis 

Participants’ video tapes of the “Lift Basket” task were first converted to DVD in digital 

format using a Panasonic DVD recorder (model DMR-E95HS).  In the laboratory, the author, a 

physical therapist with three-years EWMN training experience, played video clips frame-by-

frame (30 frames/second) to grade participants’ movement using EWMN, using a Pioneer DVD 

player (model DVD-V7400).   Figure A-1 was an example of original EWMN page.  Each 

column on the table represented a time point during the task.  For instance, the first pair of red 
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circles (i.e. the second column- eye contact with the basket handle) was observed before the 

second pair of circles (i.e. the third column- initiative synergy).  

Results and Conclusion 

Using EWMN, ten essential movement components were identified in sequence from 

control group participants:  

1. Eye contact with basket handles  

2. Initiative synergy: coupled but opposite movements of the arm and forearm  

3. Forearm fixation: maintaining constant height of forearm in space while arm moves 

toward the basket 

4. Contralateral weight shifting 

5. Hand preparation for grasping 

6. Grasping 

7. Shift of eye contact to side tabletop 

8. Diagonal shift of arm 

9. Ipsilateral weight shifting 

10. Forearm movement of placing the basket. 

The ten “essential-movement components” indicate that all participants not suffering from 

stroke demonstrate these “invariant” components in their movement control for the “Lift Basket” 

task.  The study of essential-movement component follows the theory of Generalized Motor 

Programs.38, 85     

Normal movement strategy is recognized as recruiting first a proximal body part and then a 

distal one.  According to the above findings, an “Essential-Movement Components Evaluation 

Form (EMCE)” for the “Lift Basket” task in the WMFT was created (Figure A-2).  Among the 
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ten essential-movement components, “initiative synergy” and “forearm fixation” were two 

movements that have never been reported in the literature of reaching.    

Pilot Study 3 

Purpose 

The two purposes of Pilot Study 3 were 1) to modify the original “Essential-Movement 

Components Evaluation Form” (Table A-3) for use in participants with stroke, and 2) to show 

differences in essential-movement components among the three groups (control, low-functioning 

stroke pre-test and high-functioning stroke pre-test).   

Participants 

Six participants (two participants from each group) were randomly selected from the three 

groups for this study.  

Method/Data Analysis 

Participants’ video tapes of the “Lift Basket” task were first converted to DVD in digital 

format using a Panasonic DVD recorder (model DMR-E95HS).  In the laboratory, the author, a 

physical therapist with three-years EWMN training experience, played video clips frame-by-

frame (30 frames/second) to grade participants’ movement using EWMN, using a Pioneer DVD 

player (model DVD-V7400).  The total essential-movement component scores were calculated. 

Results and Conclusion 

After using EWMN in examining the movements of the “Lift Basket” task in the 

participants with stroke, five compensatory movements were observed.  The compensatory 

movement included upper-arm elevation, trunk side-bending, trunk forward rotation, trunk 

backward rotation, and non-standard grasping.  The original EMCE form was modified as seen 

in Appendix B, which was used for this current project to record both essential-movement 

components and compensatory movements.  The differences of essential-movement components 
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among the three groups were shown.(Table A-2)  As severity of stroke increased, the numbers of 

essential-movement components decreased.(Table A-4)  The high-functioning stroke group 

preserved more essential-movement components than the low-functioning stroke group.  

Compensatory movements were found (excessive trunk use and alternative grasping) in the 

participants with stroke.  In conclusion, the findings of Pilot Study 3 suggest that 1) there were 

missing essential-movement components in participants with stroke while performing the “Lift 

Basket” task; 2) the degree of missing essential-movement components appeared proportional to 

the severity of stroke, and 3) compensatory movements were substituted for missing essential-

movement components of the “Lift Basket” task in participants with stroke.  Completion of the 

pilot study demonstrated that developing the template and using it to assess movement during the 

“Lift Basket” task is feasible. 
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Table A-1. Demographic information of control group participants of Pilot Study 1 
Participants Age Gender Handedness 
#1 23 Female Right 
#2 79 Male Left 
#3 77 Male Right 
 
Table A-2. Results of Pilot Study 3. 
  Control #1 Control #2 High-functioning #1 High-functioning #2 Low-functioning #1 Low-functioning #2 

eye contact- basket handle √ √ √ √ √ √ 
initiative synergy √      
UA m't with forearm (f) √ √     
trunk side-bending   √  √ √ 
trunk flexion/rotation   √  √ √ 
grasping preparation √ √ √    
grasping   √ √ √    
Non-standard grasping    √ √ √ 
eye contact- side table √ √ √ √  √ 
diagonal H/V shifting √ √ √ √ √  
placing basket √ √ √ √   
trunk extension/rotation      √ √ 
trunk side-bending       
weight shifting- ipsilateral √ √ √ √ √  
weight shifting- contralateral  √ √ √   √ √ 

# of movement components 10 9 8 5 4 3 
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Figure A-1. EWMN page for the “Lift Basket” task in WMFT (example) 

 

 

 

 

Abbreviations: LH, left hand; LLA, left lower arm; LUA, lower upper arm; LSh, left shoulder; RH, 
right hand; RLA, right lower arm; RUA, right upper arm; RSh, right shoulder; Plv, pelvis; BKH, 
basket handle; BKB, basket bottom; TabH, high tabletop; Wt, weight shifting. 
Note: Red circles represent the movement components identified across normal participants . 
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Figure A-2. Essential-Movement Components Evaluation Form (Prototype: without 

compensatory movement) 

 

 

 

 

Movement Rating Scale of “Lifting Basket” in Wolf Motor Function Test 
Date: ______________ 
Participant: ____________ 
Rater: ____________ 

Movement  Component       
eye contact- basket handle       
initiative synergy       
UA m't  with forearm (f)       
grasping preparation       
grasping         
eye contact- side table       
diagonal H/V shifting       
placing basket       
weight shifting- ipsilateral       
weight shifting- contralateral        
 
Movement Component Definition 
 

1. Eye contact: eye contact with the targets (handles of basket or side tabletop) 
2. Initiative synergy: forearm and upper arm simultaneously initiate the task in opposite directions  
2 Movement of upper arm with fixation of forearm: forearm height is fixed in space while approaching the 

basket; amount of upper arm movement is graded   
3 weight shifting: whole body shifts to the ipsilateral or contralateral side   
4 Grasping preparation: hand opens before grasping handles of basket 
5 Grasping: fingers approximate each other after hand contacts with the handles of the basket from 

underneath the handles 
6 Diagonal shifting: 1) release basket from contact with front table, then transport basket to side table 

                            2) this movement comprises two sub-components: horizontal shift and vertical shift 
7 Placing basket: basket is brought to top of side table

Movement Grading  
 

I.      Nominal Data (shaded cells: eye contact, initiative synergy,  weight shifting, grasping 
preparation, grasping and compensatory movement)  

                0 = no movement observed 
                1 = movement observed 

II.     Ordinal Data (movement of upper arm with fixation of forearm, diagonal shifting, and placing 
basket)   

0 = no movement observed 
1 = less than 30° of movement as compared with the previous limb position 
2 = 30 ≤ movement < 60° 
3 = 60° ≤ movement < 90°
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APPENDIX B 
ESSENTIAL-MOVEMENT COMPONENT EVELUATION FORM 

 
Figure B-1. EMCE form (with compensatory movement) 

Movement Grading  
 

I. Nominal Data (eye contact, initiative synergy, weight shifting, grasping preparation, grasping and 
compensatory movement)  

                0 = no movement observed 
                1 = movement observed 

    II. Ordinal Data (movement of upper arm with fixation of forearm, diagonal shifting, and placing 
basket)   

0 = no movement observed 
1 = less than 30° of movement as compared with the previous limb position 
2 = 30 ≤ movement < 60° 
3 = 60° ≤ movement < 90°

Movement  Component       
eye contact- basket handle       
initiative synergy       
UA m't with forearm (f)       
Upper arm abduction       
trunk side-bending       
trunk flexion/rotation       
grasping preparation       
grasping         
Non-standard grasping       
eye contact- side table       
diagonal H/V shifting       
placing basket       
trunk extension/rotation        
trunk side-bending       
weight shifting- ipsilateral       
weight shifting- contralateral        

Essential Movement Component Definition 
1. Eye contact: eye contact with the targets (handles of basket or side tabletop) 

2. Initiative synergy: forearm and upper arm simultaneously initiate the task in opposite directions  
3. Movement of upper arm with fixation of forearm: forearm height in space is fixed while approaching the 

basket; amount of upper arm movement is graded   
4. Weight shifting: whole body shifts to the ipsilateral or contralateral side   
5. Grasping preparation: hand opens before grasping handles of basket 
6. Grasping: fingers approximate each other after hand contacts with the handles of the basket from 

underneath the handles 
7. Diagonal shifting: 1) release basket from contact with front table, then transport basket to side table 
        2) this movement comprises two sub-components: horizontal shift and vertical shift   
8. Placing basket: basket is brought to top of side table 

   **Compensatory movement (shaded cells): 1) having extra trunk or upper arm use, which assists or replaces 
prime movers or 2) not grasping the basket handles from underneath the handles 

Movement Rating Scale of “Lifting Basket” in Wolf Motor Function Test 
Date: ______________ 
Participant: ____________ 
Rater:
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APPENDIX C 
FUGL-MEYER ASSESSMENT 
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