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Constraint-induced movement therapy:
characterizing the intervention protocol

D. M. MORRIS 1, E. TAUB 2, V. W. MARK 3

Constraint-induced movement therapy (CI therapy) is a
rehabilitation treatment approach that improves more-
affected extremity use following a stroke, especially in
the life situation. The originators of the approach
describe CI therapy as consisting of a family of therapies
including a number of treatment components and sub-
components. When thinking of CI therapy, rehabilitation
researchers and clinicians frequently cite a restraining
mitt on the less affected arm as the main active ingredient
behind improvements in motor function. However, sub-
stantial data suggest that restraint makes actually a rel-
atively small contribution to treatment outcome. This
paper provides a detailed description of the multiple
treatment elements included in the CI therapy proto-
col as used in our research laboratory. Our aim is to
improve understanding of CI therapy and the research
supporting its use.
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Stroke is the third leading cause of death in the
United States after heart disease and cancer and a

leading cause of serious, long-term disability.
Profoundly impaired motor dysfunction is a major
consequence of stroke.1 Approximately half of the
more than 700 000 people in the United States sus-
taining a stroke each year are left with significant per-

The CI research from this laboratory was funded by grants from the
Veterans Affairs Administration Rehabilitation Research and Development
Program and from NCMRR of NIH.

Address reprint requests to: D. M. Morris, PhD, PT, Associate
Professor of Physical Therapy, University of Alabama at Birmingham,
RMSB 360, 1530 3rd Ave. S., Birmingham, AL 35294-1212, USA.
E-mail: morrisd@uab.edu

Vol. 42 - No. 3 EUROPA MEDICOPHYSICA 257

1Department of Physical Therapy
School of Health Professions

University of Alabama at Birmingham
Birmingham, AL, USA

2Department of Psychology
School of Social and Behavioral Sciences

University of Alabama at Birmingham
Birmingham, AL, USA

3Department of Physical Medicine and Rehabilitation
University of Alabama at Birmingham

Birmingham, AL, USA

manent limitations in motor ability and compromised
quality of life. From the early 1970s to the early 1990s,
the estimated number of non-institutionalized sur-
vivors of stroke in the United States increased from 1.5
million to 2.4 million.2 Medicare spent $3.6 billion in
1998 on stroke survivors discharged from short-stay
hospitals. The American Heart Association estimates
that the current direct and indirect costs of stroke in
the United States are $43.3 billion per year. These
percentages and cost estimates are probably similar
throughout the industrialized world. The great preva-
lence of stroke and its high economic costs make the
reduction of stroke-related disability a health care pri-
ority.

Unfortunately, the number of therapeutic inter-
ventions shown in controlled experiments to enhance
motor function and promote independent use of an
impaired upper extremity (UE) following stroke is
quite limited.3, 4 One reason for a lack of evidence
could lie in a failure to adequately define the treatment
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approaches under study; leading to misunderstanding
and failure to properly replicate and/or expand the
research. Dijkers et al., in a survey of “core” medical
rehabilitation journals, noted that a common short-
coming of published intervention studies was the rel-
ative lack of conceptualization or detail in the descrip-
tion of treatment arms.5 While the need to clearly
specify and standardize interventions is not unique to
rehabilitation research, the process is particularly chal-
lenging in this area. In many medical research endeav-
ors, the treatment can be easily characterized, such as
indicating a specific pharmaceutical dose. Complex
interactions between clients and clinicians and the
fact that most rehabilitation protocols contain multi-
ple treatment components within a treatment system
pose a substantial challenge to characterizing reha-
bilitation interventions.6, 7 This type of intervention
frequently involves complex descriptions of multiple
components that require detailed attention to such
issues as dose, intensity, frequency, timing, and
method of interaction between the therapist and
patient. Whyte et al. state that attention to intervention
descriptions will “facilitate needed efficacy research,
will allow replication of that research, and will ulti-
mately foster dissemination of effective treatments
into clinical practice”.6 Also, only through careful char-
acterization can different components of an inter-
vention be studied experimentally and examined for
the active and inactive contributions to the treatment
outcomes observed.

Constraint-induced movement therapy (CI thera-
py) involves a variety of components that are thought
to promote increased use of the more-impaired UE
both in the research laboratory/clinic and home set-
tings.8-13 The CI therapy protocol has its origins in
basic animal research, conducted by one of us (E. T.)
concerning the influence of the surgical abolition of
sensation from a single forelimb by dorsal rhizoto-
my. This series of deafferentation studies led Taub to
propose a behavioral mechanism that may interfere
with recovery from a neurologic insult-learned
nonuse.14, 15 In more recent years, a linked but sepa-
rate mechanism, use-dependent cortical reorganiza-
tion, has also been proposed as partially responsible
for producing positive outcomes from CI therapy.16-21

Over the last 20 years, a substantial body of evidence
has accumulated to support the efficacy of CI thera-
py for hemiparesis following chronic stroke, i.e., >1-
year postinjury.11, 22 Evidence for efficacy includes
results from: 1) an initial small, randomized controlled

trial (RCT) of CI therapy in individuals with UE hemi-
paresis secondary to chronic stroke;8 2) a larger place-
bo controlled trial in individuals of the same chronic-
ity and level of impairment;23 and 3) a number of oth-
er studies.9-13 There has also been a large, multisite ran-
domized clinical trial in individuals with UE hemi-
paresis in the subacute phase of recovery, i.e., 3-9
months poststroke.24 Positive findings regarding CI
therapy after chronic stroke are also published in sev-
eral studies from other laboratories employing with-
in-subjects control procedures and numerous case
studies.25-28 Moreover, the most recent poststroke clin-
ical care guidelines describe CI therapy as an inter-
vention that has evidence of benefit for survivors of
stroke with mild-to-moderate UE hemiparesis.4 To
date over 150 papers making use of CI therapy have
been published: all to our knowledge report positive
results.

A detailed description of the CI therapy treatment
elements will promote understanding of the approach
and assist with future research efforts. To that end, the
purpose of this article is to operationally define the CI
therapy protocol as it is used in the research labora-
tory of the CI Therapy Research Group (CITRG) at
the University of Alabama at Birmingham (UAB) and
to compare the protocol to more conventional neu-
rorehabilitation approaches.

The constraint-induced
movement therapy protocol

CI therapy is a “therapeutic package” consisting of
a number of different components. Some of these
intervention elements have been employed in neu-
rorehabilitation before; yet usually as individual pro-
cedures and at a reduced intensity compared to CI
therapy. The main novel feature of CI therapy is the
combination of these treatment components and their
application in a prescribed, integrated and systemat-
ic manner to induce a patient to use a more-impaired
UE for many hours a day for a period of 2 or 3 con-
secutive weeks (depending on the severity of the ini-
tial deficit). CI therapy has evolved and undergone
modification over the 2 decades of its existence.
However, most of the original treatment elements
remain part of the standard procedure. The present CI
therapy protocol, as applied in our research and clin-
ical settings, consists of 3 main elements and multiple
components and subcomponents under each (Table
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I).23, 29 These include: 1) repetitive, task-oriented train-
ing of the more-impaired UE for several hours a day
for 10 or 15 consecutive weekdays (depending on
the severity of the initial deficit); 2) applying a “trans-
fer package” of adherence-enhancing behavioral meth-
ods designed to transfer gains made in the research
laboratory or clinical setting to the patient’s real-world
environment; and 3) constraining the patient to use the
more-impaired UE during waking hours over the
course of treatment, sometimes by restraining the
less-impaired UE. Each of the elements, component
and subcomponent strategies are described in the fol-
lowing sections.

Repetitive, task-oriented training

On each of the weekdays during the intervention
period, participants receive training, under the super-
vision of an interventionist, for several hours each
day. The original protocol called for 6 h/day for this
training. More recent studies indicate that a shorter dai-
ly training period (i.e., 3 h/day) is as effective for
higher functioning patients.27, 28, 30-32 Two distinct train-
ing procedures are employed as patients practice
functional task activities: shaping or task practice.
Shaping is a training method based on the principles
of behavioral training.33-36 In this approach a motor or
behavioral objective is approached in small steps by
“successive approximations”: for example, the task
can be made more difficult in accordance with a par-
ticipant’s motor capabilities, or the requirement for
speed of performance can be progressively increased.
Each functional activity is practiced for a set of ten 30-
s trials and explicit feedback is provided regarding
the participant’s performance during each trial.36 Task
practice is less structured (for example, the tasks are
not set up to be carried out as individual trials of dis-
crete movements): it involves functionally based activ-
ities performed continuously for a period of 15-20
min (e.g., wrapping a present, writing). In successive
periods of task practice, the spatial requirements of the
activity, or other parameters (such as duration), can be
changed to require more demanding control of limb
segments for task completion. Global feedback about
overall performance is provided at the end of the 15-
20 min period. A large bank of tasks has been creat-
ed for each type of training procedure. Tables II and
III provide a more-detailed example of a shaping and
a task practice activity, respectively. Interventionists are
encouraged to provide 4 forms of interaction during

the shaping and task practice activities. Table IV pro-
vides a description of this interaction and guidelines
for applying them. Training tasks are selected for each
participant considering: 1) specific joint movements
that exhibit the most pronounced deficits; 2) the joint
movements that trainers believe have the greatest
potential for improvement; and 3) participant prefer-
ence among tasks that have similar potential for pro-
ducing specific improvement. Frequent rest intervals
are provided throughout the training day and inten-
sity of training (i.e., the number of trials/hour (shap-
ing) or the amount of time spent on each training
procedure [task practice]) is recorded.

In an attempt to reduce the intensive therapist
supervision required during training, automation has
been successfully incorporated into CI therapy train-
ing.30-32 A device termed AutoCITE (Automated
Constraint-Induced Therapy Extender) was devel-
oped in collaboration between E. Taub and the UAB
team and P. Lum and others at the VA Rehabilitation
Research and Development Center in Palo Alto, CA,
USA. The AutoCITE consists of a computer, eight-task
devices arrayed in a cabinet on 4 tiered work sur-
faces, and an attached chair. The 8 activities are: reach-
ing, tracing, peg board, supination/pronation, thread-
ing, arc-and-rings, finger-tapping, and object-flipping.
The computer provides simple one-step instructions
on a monitor that guides the participant through the
entire treatment session. Completion of each instruc-
tion is verified by sensors, which are built into the

Vol. 42 - No. 3 EUROPA MEDICOPHYSICA 259

TABLE I.—Components and subcomponents of the constraint-
induced movement therapy protocol.

Repetitive, task-oriented training

— Shaping
— Task practice

Adherence-enhancing behavioral strategies (i.e., transfer package)

— Daily administration of the motor activity log
— Home diary
— Problem solving to overcome apparent barriers to use of the more

affected upper extremity (UE) in the real-world situation
— Behavioral contract
— Caregiver contract
— Home skill assignment
— Home practice
— Daily schedule

Constraining use of the more-affected UE

— Mitt restraint
— Any method to continually remind the participant to use the more-

affected UE
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TABLE II.—Example of a shaping task: placing blocks onto box.

Activity description A box and several blocks are used for this task. The subject moves small
wooden blocks from the table to the top of a box. The placement and hei-
ght of the box depend on the movements desired. For example, the box can
be placed directly in front of the subject to challenge shoulder flexion and
elbow extension or placed to the side to challenge shoulder abduction
and elbow extension

Potential shaping level of difficulty progressions Distance: the box can be moved farther away to challenge elbow extension
Height: a higher box can be used to challenge shoulder flexion
Size of object: larger or smaller blocks can be used to challenge wrist and
hand control

Potential feedback parameters Number of repetitions: number of blocks placed on the box in a given
period of time
Time: time required to place a set number of blocks on the box

Movements emphasized Pincer grasp
Wrist extension
Elbow extension
Shoulder flexion

TABLE III.—Example of a task practice activity: folding/sorting clothes.

Activity description Subjects sit/stand at a table with a laundry basket in front of them. The basket is fil-
led with washed cloths and towels of different colors
The subjects remove the items, and sort them into piles of different colors
After sorting, the subject proceeds to fold the items

Adjusting difficulty/complexity Folding items can be graded from washcloths, to towels of different sizes, to clothes

Suggested feedback Number of items sorted/folded in a set period of time (e.g., 20 min)
Time required sorting and folding entire basket of laundry
Quality of folding (e.g., cloths folded symmetrically)
Improvement in hand function in performing these tasks (e.g., thumb exten-
sion/opposition)

Feedback

Coaching

Modeling

Encouragement

Providing specific knowledge of results
about a participant’s performance on
a shaping trial or task practice session
(e.g., the number of repetitions in a
set period of time or time required to
perform a task or specific number
of repetitions)

Providing specific suggestions to im-
prove movements. Aspects of this pro-
cedure are described in the behavioral
literature, as cuing and prompting

When a trainer physically demon-
strates a task

Providing reward to participants to
increase motivation and promote
maximal effort (i.e., “that’s good,
keep trying”)

Provided immediately after each trial

Provided liberally throughout all shap-
ing trials

Provided at the beginning of shaping
activity. Repeated between trials as
needed

Provided liberally throughout all shap-
ing trials

Provided as global knowledge of
results at the end of the entire task
practice activity

Provided throughout entire task prac-
tice session, though not as often as in
shaping

Provided at the beginning of a task
practice activity

Provided throughout entire task prac-
tice session though not as often as in
shaping

TABLE IV.—Forms of interventionist/participant interaction used during shaping and task practice.

Interaction type Definition Used in shaping Used in task practice
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device. Task completion is recorded and displayed
to participants before the next instruction is given.
The participant is able to select tasks from a menu dis-
played on the monitor using two pushbuttons. Once
a task has been chosen, the device automatically
adjusts so that the appropriate work surface is at the
correct height for task performance. The computer
program guides the participant through a set of ten 30-
s trials in which the objective is to repeat a task as
many times as possible. After 10 trials, the task menu
is displayed and the subject can select the next task.
Several types of performance feedback and encour-
agement are provided on the computer monitor, sim-
ulating the type of verbal behavior engaged in by a
therapist. The time remaining on each trial is shown
on the computer monitor. The number of successful
repetitions is displayed after each trial in the form of
a bar added to a bar graph for each set of 10 trials. The
activities are based upon tasks currently used in CI
therapy. Studies using the AutoCITE during the CI
therapy intervention indicate that gains achieved are
substantial and comparable to those observed using
CI therapy without automation.30-32

Adherence-enhancing behavioral methods to increase
transfer to the life situation

One of the overriding goals of CI therapy is to trans-
fer gains made in the research or clinical setting into
the participant’s real-world environment (e.g., home
and community settings). To achieve this goal, we
employ a set of techniques that we term a “transfer
package”, which has the effect of making the patient
accountable for adherence to the requirements of the
therapy. The participant must be actively engaged in
and adherent to the intervention without constant
supervision from an interventionist, especially in the
life situation where the interventionist is not present.
Attention to adherence is directed towards using the
more-impaired UE during functional tasks, and obtain-
ing appropriate assistance from caregivers if present
(i.e., assistance to prevent the participant from strug-
gling excessively but allowing them to try as many
tasks by themselves as is feasible), and to wearing
the mitt as much as possible (when it is safe to do so).

Potential solutions to these adherence challenges
have been used to increase adherence to exercise in
older adults; the population most commonly experi-
encing stroke and subsequently most likely to receive
CI therapy.37 Two psychological factors, self-efficacy

and perceived barriers, have been identified as the
strongest and most consistent predictors of adher-
ence to physical activity in older adults. Self-efficacy
is defined as an individual’s confidence in his or her
ability to engage in the activity on a regular basis.38-

41 It is related to both the adoption and maintenance
of a target behavior. Studies have demonstrated that
self-efficacy can be enhanced through training and
feedback.42-44 Perceived barriers may incorporate both
objective and subjective components.38-40 Objective
obstacles can be reduced through environmental and
task adaptation. Subjective barriers may be reduced by
such interventions as confidence building, problem
solving, and refuting the beliefs that hinder activity.

A number of individual intervention principles have
been successfully applied to enhance adherence to
exercise and physical function-oriented behaviors.
Three are most relevant and are utilized in the adher-
ence-enhancing behavioral components of CI thera-
py: monitoring, problem-solving, and behavioral con-
tracting. Monitoring is one of the most commonly
used strategies and involves asking participants to
observe and document performance of target behav-
iors.37 Participants can be asked to record a variety of
aspects of these behaviors, including mode of activi-
ty, duration, frequency, perceived exertion, and psy-
chological response to the activity. Participants should
be asked to submit their monitoring records to others
(i.e., interventionists) to facilitate consistency and
completeness of records as well as accountability to
the self-monitoring strategy. Problem-solving inter-
ventions teach individuals to identify obstacles that hin-
der them, generate potential solutions, select a solu-
tion for implementation, evaluate the outcome, and
choose another solution if needed.39 Behavioral con-
tracting involves asking participants to write out spe-
cific behaviors they normally carry out during the
course of a day, and then entering into an agreement
with the therapist as to which will be carried out by
the subject and in what way they will be carried out.
Verification of the execution of the contract occurs
as part of the monitoring aspects of the procedure.
Monitoring, problem-solving, and contracting inter-
ventions have been used successfully, alone or in
combination, to enhance adherence to physical activ-
ity in a variety of participant groups with a variety of
physical conditions. These are essential aspects of
the CI therapy approach. The full range of adher-
ence-enhancing behavioral subcomponents current-
ly employed in the CI therapy protocol include daily
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administration of the motor activity log (MAL), a struc-
tured interview that elicits information on how well
and how often the more affected UE was used in 30
important activities of daily life.8, 45-47 a patient-kept
home diary, problem solving, behavioral contracts
with the patient and the caregiver independently, a
daily schedule, home skill assignment and home prac-
tice. Each adherence-enhancing subcomponent is
described below.

MONITORING: MOTOR ACTIVITY LOG AND DAILY DIARY

The MAL is a structured interview during which
respondents are asked to rate how much and how
well they use their more affected arm for 30 impor-
tant ADLs in the home over a specified period.8, 45-47

The MAL is administered independently to the par-
ticipant and an informant. The tasks include such
activities as brushing teeth, buttoning a shirt or blouse,
and eating with a fork or spoon. Information is gath-
ered about more-affected UE use in the week and
year prior to the participant’s enrollment in the pro-
ject, the day before and after the intervention, on
each day of the intervention, weekly by phone for the
4 weeks after the end of treatment, and at several
times during the two-year follow-up period. Several
studies concerning the clinimetric properties of the
MAL have shown the measure to be reliable and
valid.45-47 Moreover, the MAL does not produce a
treatment effect when administered to persons not
receiving a placebo treatment at the same treatment
schedule as those receiving CI therapy.23 Preliminary
results from an ongoing experiment suggest that this
self-monitoring instrument is a very important means
of producing a transfer of improved performance
from the laboratory/clinic to the life situation when
used in conjunction with other aspects of the CI ther-
apy treatment package, particularly concentrated
training. The home diary is maintained on a daily
basis. Participants list their activities outside the lab-
oratory and report whether they have used their more
affected extremity or not while performing different
tasks, especially those listed on the behavioral con-
tract (see below). The home diary and daily review
of the MAL constitute the main monitoring aspects of
the CI therapy protocol. They heighten participants’
awareness of their use of the more-affected UE and
emphasize adherence to the behavioral contract and
the patients’ accountability for their own improve-
ment.

PROBLEM SOLVING

Discussion of the MAL and home diary also provides
a structured opportunity for discussing why the weak-
er extremity was not used for specific activities and for
problem-solving on how to use it more. For example,
the participant may state that they are unable to pick
up a sandwich with one hand and there for took the
mitt off and used the less-affected UE to assist. The
interventionist may then suggest that the participant
cut the sandwich into quarters so that it is more eas-
ily manipulated with the weaker extremity. As anoth-
er example, the participant might report that they are
unable to open a door in their home because the
doorknob is small and difficult to grip. The interven-
tionist may provide the participant with a doorknob
build-up and suggest that they use it so that the door
can be opened with the more-affected UE.

BEHAVIORAL CONTRACT

The behavioral contract is a formal, written agree-
ment between the interventionist and participant that
the participant will use the more-affected extremity for
specific activities in the life situation. In addition to
increasing mitt use outside of the laboratory, the
behavioral contract is helpful in assuring safety while
wearing the mitt, engaging the participant in active
problem-solving to increase adherence, and empha-
sizing participant accountability for adherence. The
behavioral contract is completed at the end of the 1st

day of treatment when the interventionist has assessed
the participant’s functional motor capacity and the
participant has experienced using the mitt. Participants
first list all activities of daily living (ADL) performed
on a typical day. ADL are then categorized in the con-
tract into those to be done with: a) the more-affected
UE with the mitt on; b) both UEs with the mitt off; and
c) less-affected UE only with the mitt off. The times
agreed upon for “mitt off” activities is specified (i.e.,
when it is to be removed and put back on), and have
mainly to do with safety and the use of water. Activities
may be added to increase UE use during otherwise
inactive periods (e.g., periodically turning pages of a
magazine during time spent watching television). ADL
may be modified to allow more-affected UE use (e.g.,
using a spill-proof cup while drinking liquids, using
a build-up orthotic device on the handle of a fork).
The behavioral contract is signed by the interven-
tionist, the participant and a witness; this formality
emphasizes the importance of the agreement. The
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document is often modified during treatment as the
participant gains new movement skills. The behavioral
contract, monitoring and problem solving compo-
nents of the transfer package mutually interact and
support one another.

CAREGIVER CONTRACT

The caregiver contract is a formal, written agree-
ment between the interventionist and the participant’s
caregiver that the caregiver will be present and avail-
able while the participant is wearing the mitt and will
aid in the at-home program and more generally in
helping to increase more-affected UE use. It is com-
pleted after the terms of the behavioral contract with the
patient are shared with the caregiver. The caregiver
contract a) improves caregivers’ understanding of the
treatment program, b) guides caregivers to assist appro-
priately, and c) increases the safety of the participant.
The caregiver contract is signed by the interventionist,
participant, and caregiver and thereby, again, formal-
ly emphasizes the importance of the agreement.

HOME SKILL ASSIGNMENT

Wearing the mitt while away from the clinic/labo-
ratory does not assure that participants will use the
more-impaired UE to carry-out ADLS that had been
accomplished exclusively with the less-impaired UE,
or not at all, since the stroke. The home skill assign-
ment process encourages the participant to try ADLs
that they may not otherwise have tried with the more
impaired UE. The interventionist first reviews a list
of common ADL tasks carried out in the home. The
tasks are categorized according to the rooms in which
they are usually performed (e.g., kitchen, bathroom,
bedroom, office). Starting on the 2nd day of the inter-
vention period, participants are asked to select 10
ADL tasks from the list that they agree to try after
they leave the laboratory/clinic and before they return
for the next day of treatment. Tasks not on the list may
be selected if desired by the participant. These tasks
are to be carried out while wearing the mitt when
possible and safe. Interventionists guide the participant
to select 5 tasks that the participant believes will be rel-
atively easy to accomplish and 5 they believe will be
more challenging. The 10 items selected are record-
ed on an assignment sheet and given to the participant
when they leave the laboratory or clinic for the day.
The goal is for approximately 30 min to be devoted to

trying the specified ADLs at home each day. The
home skill assignment sheet is reviewed during the
first part of the next treatment day and 10 additional
ADL tasks are selected for home skill assignment for
that evening. This process is repeated throughout the
intervention period with efforts made to encourage use
of the more-impaired UE during as many different
ADL tasks in as many different rooms of the partici-
pant’s home as possible.

HOME PRACTICE

During treatment, as an alternative to home skill
assignment, participants are asked to spend 15 to 30
min at home on a daily basis performing specific
upper-extremity tasks repetitively with their more-
affected arm. This is referred to as home practice-dur-
ing. The tasks typically employ materials that are com-
monly available (e.g., stacking styrofoam cups). This
strategy is particularly helpful for individuals who are
typically relatively inactive while in their home set-
ting (e.g., spending long periods watching TV) and
provides more structure to using the more-impaired UE
than the home skill assignment. Care must be taken not
to overload the participant with too many assignments
while away from the laboratory/clinic as this could
prove demotivating. For this reason interventionists
usually select either home skill assignment or home
practice-during to encourage more real world UE use;
rarely are both used. Towards the end of treatment, an
individualized post-treatment home practice program
is drawn up consisting of tasks that are similar to those
assigned in home practice-during; this is referred to as
home practice-after. For each participant, 8-10 activi-
ties are selected based on the participant’s remaining
movement deficits. Participants are asked to demon-
strate understanding and proficiency with all tasks
before discharge. These tasks usually employ com-
monly available items to increase the likelihood that
they will be implemented. Participants are encour-
aged to select 1 or 2 tasks/day and to perform these
tasks for 30 min daily. On the next day, participants are
asked to select 1 or 2 different tasks from the home
practice-after assignment sheet. Participants are instruct-
ed to carry out these exercises indefinitely.

DAILY SCHEDULE

Project staff record a detailed schedule of all clini-
cal activities carried out on each day of the interven-
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tion. This includes time devoted to each activity list-
ed. The schedule specifically notes the times when the
restraint device is put on and taken off. The time and
length of rest periods are also included. Specific shap-
ing and task practice activities are listed including use
of only the more-affected UE during lunch whenev-
er it is feasible for the patient to come close to doing
so. The daily schedule record includes not only the
length of time devoted to eating lunch, but also what
foods were eaten and how this was accomplished.
Information recorded on the daily schedule is partic-
ularly helpful for demonstrating improvements in dai-
ly activities to the participant, which often has the
effect of motivating them to try harder.

CONSTRAINING USE OF THE MORE-IMPAIRED UPPER EXTRE-
MITY

The most commonly applied CI therapy treatment
protocol has incorporated use of a restraint (either
sling or protective safety mitt) on the less-impaired UE
to prevent participants from succumbing to the strong
urge to use that UE during most or all functional activ-
ities, even when the interventionist is present. Over the
last decade, the protective safety mitt, which eliminates
ability to use the fingers, has been preferred for
restraint as it prevents functional use of the less-
impaired UE for most purposes while still allowing
protective extension of that UE in case of a loss of bal-
ance. When employed, participants are taught to put
on and take off the mitt independently, and decisions
are made with the interventionist as to when its use
is feasible and safe. The goal for mitt use is 90% of
waking hours. This so-called “forced use” is arguably
the most visible element of the intervention to the
rehabilitation community and is frequently and mis-
takenly described as synonymous with CI therapy.
However, Taub et al.9 has stated “there is… nothing
talismanic about use of a sling, protective safety mitt
or other constraining device on the less-affected UE”
as long as the more-impaired UE is exclusively
engaged in repeated practice. “Constraint”, as used in
the name of the therapy, was not intended to refer
only to the application of a physical restraint, such as
a mitt, but also to indicate a constraint of opportuni-
ty to use the less-impaired UE for functional activities.9
As such, any strategy that encourages exclusive use of
the more-impaired UE is viewed as a “constraining”
component of the treatment package. For example,
shaping was meant to be considered as constituting a

very important constraint on behavior; either the par-
ticipant succeeds at the task or he is not rewarded
(e.g., by praise or knowledge of improvement).

Preliminary findings by Sterr et al. indicate a sig-
nificant treatment effect using CI therapy without the
physical restraint component.48 Likewise, our labora-
tory has obtained similar findings with a small group
of participants (n=9) when a CI therapy protocol,
without physical restraint was employed.9, 13, 45 Howe-
ver, our study suggested that this group experienced
a larger decrement at the two-year follow-up testing
than groups where physical restraint was employed.
If other treatment package elements, developed in
our laboratory, are not used, our clinical experience
suggests that routine reminders to not use the less-
affected UE alone, without physical restraint, would
not be as effective as using the mitt. Consequently, we
use the mitt to minimize the need for the interven-
tionist or caregiver to remind the participant to remem-
ber to limit use of the less-impaired UE during the
intervention period.

Unique aspects of constraint-induced
movement therapy

as a rehabilitation approach

Three general approaches are commonly employed
in the neurorehabilitation field to improve motor func-
tion after stroke:49, 50 1) compensation refers to mod-
ification of ADL so that they can be performed pri-
marily with the less-affected side of the body. The
more-affected extremities would at most be used as a
prop or assist. This approach is believed to be par-
ticularly useful when spontaneous recovery of func-
tion has plateaued and further recovery seems doubt-
ful; 2) in more recent years a more optimistic view has
been adopted; as a result, emphasis on regaining
movement on the more-affected side of the body has
been advocated. With one such approach, true recov-
ery, a specific function is considered “recovered” if it
is performed in the same manner and with the same
efficiency and effectiveness as before the stroke; 3)
with a substitution approach, the more-affected
extremities may be used in new way compared to
before the neurologic insult to perform a functional
task. The question regarding which approach to reha-
bilitation is most effective has been an ongoing debate
in the neurorehabilitation field for many years.

A definition of conventional physical rehabilita-
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tion is difficult to formulate because the treatments
employed are so diverse and are not connected by a
single conceptual formulation. However, trends
apparent in the content of popular physical rehabil-
itation textbooks, evaluative criteria for professional
educational programs, and topics commonly
addressed in continuing education courses suggest
that conventional physical rehabilitation currently
includes a predominance of either a true recovery or
compensation approach to intervention. Further, due
mainly to reimbursement policies, most intervention
in the United States is delivered in short treatment
periods, relative to CI therapy, and in a distributed
manner. The CI therapy approach, as used in the
UAB research laboratory and clinic, represents a sub-
stantial paradigm shift for conventional physical reha-
bilitation. The CI therapy approach is different from
the more conventional compensation and function-
al recovery ap-proaches in a variety of important
ways.

Importance of concentrated practice

While the CI therapy protocol used most often
includes some sort of restraint on the less-affected
UE, variations in this approach (i.e., shaping only,
intensive physical rehabilitation) do not.45 There is
thus, as already noted, nothing talismanic about use
of a restraining device on the less-affected UE. The
common factor in all of the techniques, producing
an equivalently large treatment effect, appears to be
repeatedly practicing use of the more-affected UE.
Any technique that induces a patient to use a more-
affected UE many hours a day for a period of con-
secutive weeks should be therapeutically efficacious.
This factor is likely to produce the use-dependent
cortical reorganization found to result from CI thera-
py and is presumed to be the basis for the long-term
increase in the amount of use of the more-affected
limb. Butefisch et al. and Hesse et al. have also shown
that repetitive practice is an important factor in stroke
rehabilitation interventions.51-53 Conventional physical
rehabilitation, regardless of setting (i.e., inpatient or
outpatient) or stage of rehabilitation (i.e., acute, sub-
acute, or chronic), does not provide a sufficient con-
centration of practice to achieve optimal results. The
conventional schedule falls short not only in absolute
amount time that using the more-affected UE is
required, but also in the concentrated nature of the
practice periods (i.e., movements/h).

Shaping as a training technique

CI therapy studies have used predominately either
task practice or shaping for training activities in the lab-
oratory. Preliminary data suggests that use of either
technique for higher functioning participants appears
to be beneficial. However, our clinical experience is
that a predominance of shaping in the training pro-
cedures is more effective for lower functioning par-
ticipants than a predominance of task practice. While
there are many similarities between shaping and the
conventional training techniques used by therapists,
important differences also exist. Shaping procedures
use a highly standardized and systematic approach
to increasing the difficulty level of motor tasks attempt-
ed. Also, feedback provided in shaping is immedi-
ate, specific, quantitative and emphasizes only posi-
tive aspects of the participants’ performance. In this
way, the therapist’s input and continuous encour-
agement motivates the participant to put forth con-
tinued and maximal effort. Tasks are used that empha-
size movements in need of improvement yet are at the
upper end of the range that can be accomplished by
the participant. Excessive effort is avoided as it may
bring about a demotivating effect for the participant.
Shaping is a behavioral technique and is directed
toward increasing the amount and extent of use of the
more affected UE during training. The main objec-
tive is to get the patient to use the more-affected UE
repeatedly in a concentrated fashion to both over-
come learned nonuse and induce use-dependent cor-
tical reorganization. Skill acquisition regarding the
specific shaping task practiced is not the primary pur-
pose of shaping. Instead, skill attained during practice
of a shaping task is a very beneficial byproduct that
is hopefully transferred into motor performance in
the real world environment. Specific skill acquisition
with functional tasks is probably also encouraged
during the independent trial and error occurring out-
side of the laboratory with use of the protective safe-
ty mitt during ADL in the participants’ home envi-
ronments.

Use of adherence-enhancing behavioral components

Another unique aspect of the CI therapy approach
involves an emphasis on the use of behavioral tech-
niques to facilitate transfer of more-affected UE use
from the laboratory/clinic to the real-world environ-
ment. These adherence-enhancing behavioral tech-
niques, discussed above, include use of two self-mon-
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itoring instruments (MAL and home diary), problem
solving, home skill assignment, maintenance of a dai-
ly schedule, and behavioral contracts. While the use
of similar behavioral techniques has been described
in the physical rehabilitation literature, their use in
combination and with the intensity with which they are
used in the CI therapy protocol is different. The use
of these behavioral techniques provides multiple
opportunities for systematically increasing attention to
more-affected UE use, promoting participants’ account-
ability for adhering to the CI therapy protocol, and pro-
viding structured problem-solving between partici-
pants and research personnel. Intensive contact with
the therapist establishes an important rapport between
therapist and patient, which helps in getting the patient
to take home practice and mitt-wearing requirements
of the therapy very seriously.

Use of more-affected extremity

Use of restraint of the less affected hand is anoth-
er unique aspect of CI therapy. As noted, the evi-
dence indicates that it is the least important element
of CI therapy. However, it is not without interest. For
example, if the less-affected UE was the dominant
UE before the stroke and the task was typically per-
formed by the dominant UE (e.g., writing), the CI
therapy protocol still requires the participant to per-
form the task with the more-affected, non-dominant
UE. This remains true for tasks that are bilateral in
nature (i.e., folding clothing). Instead of removing
the mitt and performing the task with both UEs, the
participants perform the task, in a modified fashion,
with the more-affected UE exclusively or they enlist
the assistance of a caregiver to serve as a “second
UE.” Many of the CI therapy participants’ ADL are
modified during the training period. In this way, the
CI therapy protocol does not allow compensation
and deviates from a functional recovery approach
where all ADL would be attempted in the “typical”
manner they were performed before the stroke. The
purpose of the strict adherence to use of the protec-
tive safety mitt is not to encourage a permanent
change in the way the participant performs ADL.
Rather, use of the protective safety mitt requires the
concentrated and repetitive use of the more-affected
UE that leads both to overcoming the strongly learned
habit of nonuse and to use-dependent cortical reor-
ganization. Once the treatment period (i.e., 2 or 3
weeks) has ended, participants return the protective

safety mitt to the laboratory staff and perform ADL in
the most effective manner possible with enhanced use
of the more-affected UE. Interestingly, anecdotal
observations suggest that after treatment many par-
ticipants with more-affected, non-dominant UEs begin
using the more-affected, non-dominant UE for tasks
previously performed with the dominant, less-affect-
ed UE. Such observations warrant further investiga-
tion.

Main effect of constraint-induced movement thera-
py: increased use in the real-world situation

Since a true recovery approach promotes perfor-
mance of specific functional tasks in a similar manner
to that carried out before the stroke, quality of move-
ment in this approach would seem to be an important,
if not primary, indicator of successful rehabilitation.
Results from the wolf motor function test 54 (a labo-
ratory motor function test of best effort that is fre-
quently used in CI therapy research), suggest that
participants do significantly improve their quality and
skill of movement as a result of CI therapy. A con-
siderably larger change, however, has been demon-
strated for increased amount of use of the more-affect-
ed UE in the life situation, as evidenced by the results
from the MAL and other measures of real-world
extremity use (i.e., the actual amount of use test,
accelerometry). Thus, participants may well be devel-
oping new movement strategies to accomplish func-
tional tasks. If so, this would further distinguish CI
therapy from more true recovery oriented therapies
(i.e., recovery of prestroke mode of movement).

Consistency of constraint-induced movement therapy
efficacy with general clinical experience

In 1979, Andrews et al. published an article entitled
“Stroke recovery: he can but does he?” 55 To quote their
abstract, “...it was found that there was a difference in
what the patients could do in the unit and what they
did do at home. Each activity of daily living was less
well performed in the home situation in 25-45% cas-
es”. Most clinicians recognize the veracity of this state-
ment. Indeed, decrement in performance outside the
clinic environment is frequently reported as a source
of intense frustration. Clinicians often work with
patients intensively for one or more sessions resulting
in a substantial improvement in some aspect of move-
ment. However, by the time of the next therapy ses-
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sion, there have been varying degrees of regression.
In fact, some clinicians report that they sometimes
see degradation in motor patterns as soon as the
patient crosses the threshold into the corridor just
outside the therapy room.

Very little explicit attention has been paid to this
dimension of treatment. A reasonably intensive search
of the literature failed to reveal a single reference to
this phenomenon. Similarly, very little attention has
been paid to the Andrews et al. paper,55 which has
been virtually “lost in the literature”. However, for
many stroke and other types of patients we have
worked with, there is undeniably a gap between per-
formance in the clinic on laboratory motor tests when
specific activities are requested and the actual amount
of limb use in the home. This gap may be viewed as
an index of learned nonuse; CI therapy operates in this
window. It establishes a bridge between the labora-
tory or clinic and the life setting so that the thera-
peutic gains made in the clinic transfer maximally
and contribute to the functional independence of the
patient outside of the clinical setting. Thus, many
patients, though exhibiting a pronounced initial motor
deficit prior to therapy, might have a considerable
latent capacity for motor improvement that could be
brought to expression by CI therapy.

Conclusions

Recent discoveries about how the central nervous
system responds to injury and how to retrain or reme-
diate behaviors have given rise to effective new ther-
apies in other laboratories for the rehabilitation of
function after neurological injury.10 Until now, neu-
rorehabilitation has been largely static; few, if any,
older treatments have received evidence-based
demonstrations of efficacy.10 However, a current meld-
ing of basic behavioral science with neuroscience
gives promise of entirely new approaches to improv-
ing the behavioral, perceptual, and possibly cogni-
tive capabilities of individuals who have sustained
neurological damage. One such approach, CI thera-
py, has been shown to be effective for increasing real
world use of a more-affected UE following stroke.
The approach consists of multiple components and
subcomponents that interact together to produce the
positive outcomes realized by participants receiving
the treatment package.
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