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ABSTRACT

Hemiplegia is a physical impairment that
can occur in childhood following head trauma,
cerebral vascular accident or transient ischemic
attack (stroke), brain tumor, or congenital or
perinatal injury. One of the most disabling
symptoms of hemiplegia is unilaterally impaired
hand and arm function. Sensory and motor
impairments in children with hemiplegia
compromise movement efficiency. Such children
often tend not to use the affected extremity,
which may further exacerbate the impairments,
resulting in a developmentally learned non-use
of the involved upper extremity, termed ‘devel-
opmental disuse’. Recent studies suggest that
children with hemiplegia benefit from intensive
practice. Forced use and Constraint-Induced
Movement Therapy (Cl therapy) are recent
therapeutic interventions involving the restraint
of the non-involved upper extremity and intensive
practice with the involved upper extremity.
These approaches were designed for adults with
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hemiplegia, and increasing evidence suggests
that they are efficacious in this population.
Recently, forced use and constraint-induced
therapy have been applied to children with
hemiplegia. In this review, we provide a brief
description of forced use and CI therapy and
their historical basis, provide a summary of
studies of these interventions in children, and
discuss a number of important theoretical
considerations, as well as implications for
postural control. We will show that whereas the
studies to date suggest that both forced use and
CI therapy appear to be promising for
improving hand function in children with hemi-
plegia, the data are limited. Substantially more
work must be performed before this approach
can be advocated for general clinical use.
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INTRODUCTION
Hemiplegia is a physical impairment that can
occur in childhood following head trauma, cerebral

vascular accident or transient ischemic attack
(stroke), brain tumor or congenital or perinatal
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injury (CHASA, 2003). One of the most disabling
symptoms of hemiplegia is unilaterally impaired
hand and arm function, which affects self-care
activities such as feeding, dressing, and grooming.
The impairment of the hand is often the result of
damage to the motor cortex and corticospinal
pathways responsible for the fine motor control of
the fingers and hand (e.g., Lawrence & Kuypers,
1968; Muir & Lemon, 1983; Duque et al., 2003).
Thus, skilled independent finger movements do not
develop typically in children with hemiplegia.
During tasks that require fine manipulation, such
children often use several fingers (Brown et al.,
1987; Twitchell, 1958), and often show abnormal
hand posturing as well as reduction in distal strength
and dexterity (Brown et al., 1987). Sensory dis-
turbances can occur as well (e.g., Tizard et al,,
1954; Brown et al., 1987; Lesny, 1993; Yekutiel et
al,, 1994; Gordon & Duff, 1999b), further
complicating any motor impairment (cf. Moberg,
1962). Furthermore, children with hemiplegia due
to cerebral palsy (CP, the most motorically studied
subtype of hemiplegia) have difficulty with the
timing and coordination of reaching movements
(Steenbergen et al., 1998; Utley & Sugden, 1998;
Hung et al. 2004), grasping (Eliasson et al., 1991;
1992; 1995; Gordon & Duff, 1999a; 19990;
Gordon et al., 1999; Forssberg et al., 1999; Eliasson
& Gordon, 2000; Duff & Gordon, 2003; Gordon et
al., 2003), movement planning (Steenbergen et al.,
1998; Steenbergen & van der Kamp, 2004), and a
deficient capacity to modulate postural adjustments
during reaching (Hadders-Algra et al., 1999).

The resulting sensory and motor impairments
in children with hemiplegia compromise movement
efficiency. Such children often tend not to use the
affected extremity, resulting in a developmentally
learned non-use of the involved upper extremity
that can be termed ‘developmental disuse’. Typically,
rehabilitation techniques have focused on teaching
and reinforcing compensatory strategies that
encourage use of the non-involved upper extremity
to decrease functional limitations. Strong evidence

for the successful application of any therapeutic
approach is lacking (Boyd et al., 2001).

Recent evidence suggests that children with
hemiplegic CP can improve motor performance if
provided sufficient practice (Gordon & Duff,
1999a, Boyd et al., 2001; Duff & Gordon, 2003;
Shumway-Cook et al., 2003). This finding indicates
that intensive practice may improve function in the
involved upper extremity that could lead to increased
use in daily life. Forced use and Constraint-Induced
Movement Therapy (CI therapy) are recent thera-
peutic interventions for individuals with hemiplegia
that involve restraint of the non-involved upper
extremity and intensive practice with the involved
upper extremity. Increasing evidence indicates that
these interventions are effective in reducing motor
deficits in the involved upper extremity and
increasing functional independence in adults with
hemiplegia resulting from stroke (e.g., see Wolf et
al., 2002 for review). Recently, forced use and
constraint-induced therapy have been applied to
children with hemiplegia, with moderate success.
More than half the studies to date are case studies,
however, and most of those remaining are small-
scale studies. In addition, the types of restraint, the
length of the restraint time, and the practice
regimen used during the intervention varied from
study to study. The purpose of the present review
is to provide a brief description of forced use and
CI therapy and their historical basis, to provide a
summary of studies of such interventions in children,
and to discuss a number of important theoretical
considerations.

HISTORICAL BASIS OF CONSTRAINT-
INDUCED THERAPY

Origins of CI Therapy

Both CI therapy and forced use are based on
earlier primate unilateral deafferentation studies
(e.g., Tower 1940; see Taub, 1980). Monkeys were
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observed not to use the deafferented limb unless
the intact limb was restrained, and they practiced
tasks using the involved limb for 1 to 2 weeks. The
animals were also observed using the deafferented
limb if movement of the limb was encouraged via
shaping, a behavioral training technique in which a
desired motor behavior is approached in small
steps by successive approximations (Taub & Wolf,
1997; cf. Skinner, 1968; Morgan, 1974; Panyan,
1980). As these monkeys regained functional use
of the deafferented limb following restraint or
shaping techniques, lack of use of the involved
limb was considered a result of initial unsuccessful
attempts to use it. Taub defined this behavior as
“learned non-use” and proposed that restraint of
the intact limb or use of shaping techniques would
overcome the learned non-use and lead to increased
“real-life” function in the involved limb (Taub,
1980). Further studies with deafferented monkeys
were conducted to delineate the learned non-use
and forced use paradigms (Taub et al., 1980; Taub
et al., 1994). Constraint of the less affected upper
extremity of monkeys deafferented in utero and at
birth also shows increased use of the deafferented
extremity (Taub et al., 1975), suggesting that
learned non-use can be prevented if the constraint
is applied early during development.

Constraint-induced therapy in adults

Two early studies in adults with hemiplegia
examined the effects of forced use on the involved
upper extremity (Ostendorf & Wolf, 1981; Wolf et
al., 1989). Subsequent studies involving adults
following stroke utilized restraint in addition to the
shaping technique as a clinical intervention to
examine changes in involved upper-extremity
function (e.g., Taub et al.,, 1993; Taub & Wolf,
1997). Gradually the intervention was refined and
eventually termed “constraint-induced movement
therapy” (Taub et al., 1999).

Forced use and CI therapy involve restraint
and practice using the involved upper extremity.

As shown in Fig. 1, although restraint is common
to both techniques, the types of practice provided
during the restraint period are different. By
definition, placing a restraint on the non-involved
upper extremity would result in practice of the
involved hand and arm for any movement
performed. The practice is unstructured, and the
intensity of the practice is dependent on the
individual wearing the restraint.

Constraint-induced therapy, however, involves
a structured practice period (typically 6 hours in
duration) that includes shaping and repetitive task
practice (see Winstein et al., 2003). Shaping is a
behavioral technique, similar to adaptive or part
practice in the motor learning literature (Mane et
al., 1989; Winstein, 1991; Schmidt & Lee, 1999),
in which a motor objective is approached in small
steps through successive approximation, and/or the
task is made more difficult or speed of the
performance is increased progressively. Feedback
about performance is provided on every trial.
Repetitive task practice involves functional tasks
that are performed continuously over a specific
period, and overall feedback is provided at the end
of the task (Winstein et al., 2003).

Subsequent studies of CI therapy examined the
efficacy of this intervention for improving involved
upper extremity use with different types of
restraint, different types of intervention, different
outcome measures, and in people with chronic,
acute, and sub-acute stroke (for review Wolf et al.,
2002). Neuroimaging and transcranial magnetic
stimulation studies of the brain prior to and after
CI therapy have demonstrated differences in
cortical organization around the infarct site after
the intervention. These differences led to hypotheses
regarding central nervous system (CNS) plasticity
and the role of CI therapy in cortical reorgani-
zation (Liepert et al., 1998; 2000; Levy et al.,
2000; Schaechter et al., 2002; Park et al., 2004).
Overall, the results of these adult studies suggest
that following stroke, CI therapy and forced use
may be able to improve upper extremity function
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Fig. 1: Restraint therapies: forced use and constraint-induced movement therapy. Forced Use involves a restraint that results in
unstructured practice whenever an activity is performed with the involved hand. Constraint-Induced Therapy involves a
restraint and structured practice, which includes shaping and repetitive task practice. In Modified Constraint-induced
therapy, structured practice may be provided that does not include the shaping and repetitive task practice.

(see Wolf et al.,, 2002 for review). Currently, a
national randomized clinical trial with uniform CI
therapy intervention methods and measurement
protocols is being conducted at seven testing sites
in the United States to test the efficacy of this inter-
vention on a large sample size (Winstein et al., 2003).

CONSTRAINT-INDUCED THERAPY/FORCED
USE IN CHILDREN
Overview of studies

It has been suggested that children with hemi-
plegia may also benefit from CI therapy/forced

use, and that increased plasticity present in the
developing nervous system may result in an even a
better outcome (Taub & Crago, 1995). The results
of the primate studies performed in utero and
shortly after birth (Taub et al., 1975) suggest that
CI therapy would be effective for children with
hemiplegia. Although in theory this may be the
case, the restrictive nature of the constraint (90%
of waking hours) and the intensity of the structured
training (i.e., shaping and repetitive task practice
during a six hour program) used for adults may be
too intrusive for children. In order to make the
intervention child-friendly, both structured-practice
tasks and the type of constraint must be adapted to
suit children (see Gordon et al., 2005).
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Fifteen st udies have been conducted to date
examining the efficacy of either forced use or CI
therapy in the pediatric population (Table 1). The
restraint used on the non-involved hand and arm in
these studies included casts, slings, and mitts and
the length of the intervention ranged from two to
three weeks (Table 1). Eight of these have been
case studies involving children with diagnoses of
hemiplegic CP, acquired brain injury, and quadric-
plegic CP. In addition, five of the eight studies
used either forced use (constraint with unstructured
practice) or modified CI therapy (constraint with
semi-structured practice not involving shaping)
(Yasukawa et al., 1990; Crocker et al., 1997; Charles
et al., 2001; Glover et al., 2002; Pierce et al., 2002).
Three of the eight studies reported using shaping
techniques during the intervention (Sterr et al.,
2002; Karman et al., 2003; DeLuca et al., 2003).

Seven of the 15 studies to date involved larger
groups of children (Willis et al., 2002; Eliasson et
al., 2003; and Taub et al., 2004; Eliasson et al.,
2005; Naylor & Bower, in press; Charles et al.,
unpublished; Gordon et al., unpublished). One of
these studies involved forced use of the involved
upper extremity during the restraint period (Willis
et al., 2002) and three studies (Taub et al., 2004;
Charles et al., unpublished; Gordon et al,
unpublished) engaged children in structured
practice during the restraint period. While various
outcome measures were used to determine changes
in involved upper extremity function (see Table 1),
all of these studies reported increased use and
function of the involved upper extremity following
the intervention.

Based on the positive results of all these
studies, CI therapy and forced use seem to show
promise as interventions to improve involved hand
and arm function in children with hemiplegia.
Nevertheless, the number of children that have
been involved in these studies is limited and only
four studies used a randomized design. Table 2
shows the levels of evidence classification
according to the American Academy of Cerebral

Palsy and Developmental Medicine (AACPDM,
Evidence Report, based on Sackett, 1989). The
levels represent the general strength of the
evidence, with level I being the most scientifically
rigorous, level II somewhat more tentative, levels
III and IV even less persuasive and level V, where
no conclusions can be drawn. Since none of the 15
studies of CI therapy and forced use in children are
large-scale randomized clinical trials, none can
readily be designated level 1. Four of the studies
fall between levels I and II (Willis et al., 2002
Taub et al., 2004; Eliasson et al., 2005; Charles et
al. unpublished), whereas the remainder fall
between levels III to V. Thus, the evidence to date
is tentative at best. The variability in the type of
restraint, the restraint duration, the length of the
intervention, the intensity of practice, and
evaluation measures further weaken the evidence
and make it difficult to draw conclusions about
efficacy and dosage. A number of issues regarding
use of CI therapy in pediatric populations have
been raised by these studies.

Inclusion criteria

All the participants in these studies had hemi-
plegia, although the causes included cerebral palsy,
acquired head injury, stroke, and cerebral mal-
formations (one child’s impairment was designated
as quadriplegia, although one upper extremity was
used more than the other (Del.uca et al., 2003).
Thus, across these studies, the distribution of
impairment was important but the etiology was not
seen as an indicator of the appropriateness of the
intervention. Only one study designated the length
of time that a child exhibited hemiplegia as an
inclusion criteria, i.e., chronic vs. acute (Willis et
al,, 2002). In addition, sensory integrity and/or
amount of active movement in the involved wrist
and hand were used to determine suitability for
participation for children in six of the studies
(Yasukawa et al, 1990; Crocker et al.,, 1997;
Charles et al., 2001; Eliasson et al.,, 2003;
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TABLE 1

Summary of Pediatric Constraint—induced Therapy and Forced Use Studies

Year | Author Participants N Ages Intervention Testing Schedule | Outcome measures
1990 | Yasukawa | Hemiplegia 1 15m | 4 wk cast period {non- | Pre and post each | Occupational Therapy
(CP) involved UE) + casting phase & Assessment
Occupational Therapy | 1.5 y follow-up
(2 h txiwk)y*
1997 | Crocker cP* 1 2y 3 wk resting splint and | During 2 wk pre Structured videotape,
etal. usual therapy intervention, PDMS-F, & completion
schedule during 2 wk. Post- | of daily finger feeding
intervention & 6- | task
mo follow-up
2001 | Charles Hemiplegia 3 8- 14 consecutive d, 2 x pre Precision grasp force
etal (CP) 13y | 6hid, sfing intervention, coordination, J-T Test,
immediately post- | TPD, grasp strength
intervention, 2 wk
and | mo post
intervention; 6-mo
follow-up
2002 | Willis Hemiplegia 25 1-8y | 1 mocast Pre-and 1 mo PDMS and parent
etal (stroke, CM, Tx=12 post-intervention | interview
trauma, Cont= & 6-mo follow-up
unknown 13
etiology))
2002 { Glover Hemiplegia 2 19& | 6wk, cast for 18t child, | Pre—and post- Clinical observation,
etal CP) 38m | 2PT & OT sessions/ | intervention parent report,
d for 2 wk (w/ videotapes during
shaping) and 11 d therapy sessions
splint for 2nd child with
2 PT & OT sessions
on9of 11d
2002 | Pierce Hemiplegia 1 12y | 3wk, 1h PT/OT, Pre—and post- WMFT, AMPS
etal. (CP) 4x/wk + at-home, intervention
mitt restraint 8-mo follow-up
2002 | Sterr Hemiplegia 1 11y | 2wk functional Pre-and post- FAT, WMFT, MRC,
etal (stroke) training, 90 min/d/ no | intervention modified nine-hole peg
restraint (shaping) test, grip strength
2003 | Eliasson | Hemiplegia 9 13- [ 10/14d,7 hid, Pre-and post- B-0S, J-T Test, grip
etal cP) 18y | mitt-like splint, group | intervention strength, in-
intervention 5-mo follow-up handmanipulation,
tests Novel MotorTask
Performance
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TABLE 1 (CONTINUED)
Summary of Pediatric Constraint—induced Therapy and Forced Use Studies
Year | Author | Participants N Ages Intervention | Testing Schedule Outcome measures
2003 Karman | Hemiplegia 7 7-17y | 1014 d, Posey Pre-and post- AAUT, MAL
etal. (TBI, AV mitt during intervention
malformation, wakingh + 6h
stroke) shaping
2003 Deluca | Quadriplegia 1 15m 2 interventions Pre-and post- PDMS, DDST, PMAL,
etal (CP) 5mo apart. 3 intervention, daily | TAUT
wk, bi-valved full | during intervention
arm cast during 5 month follow-up
waking hrs. 15 d
shaping 6 h/d.
2004 | Taubet | Hemiplegia 18 7-96 m | 3wk, bi-valved Pre- & post-inter- | EBS, PMAL, TAUT
al. (CP) Tx=9 full-arm cast vention, 3 wk &
Cont=9 during waking 3 mo post-inter-
hrs, including 15 | vention. 6 mo
d shaping, 6 hid | follow-up (Tx
group only)
2005 Eliasson | Hemiplegia 41 18 m-4y | Restraint glove 2 | Pre- & post- AHA
etal (CP) Tx. =21 h/d over 2-mo intervention, 6 mo
Cont.=20 period follow-up
In Naylor & | Hemiplegia 9 21- 1 h sessions Pre- & post- QUEST
press | Bower (CP) 61m 2x/wk Duration=4 } intervention
wk. gentle 4-wk follow-up
physical restraint
+ verbal
instruction
Unpubl | Charles | Hemiplegia 22 48y 10 of 12 Pre- & post-inter- | J-T Test
etal. (CP) Tx.=11 consecutive vention. 1& 6-mo | B-Os
Cont.=11 days, sling 6 h/d | follow-up CFUS
Unpubl | Gordon | Hemiplegia 19 10 of 12 Pre- & post-inter- | J-T Test
etal. (CP) Younger | 4-8y consecutive vention. 1& 6-mo | B-Os
=11 days, sling 6 h/d | follow-up CFUS
Older=8 | 9-14y
* diagnosis not specified

** Intervention phase 2. Phases 1&3 involved UE was casted

Abbreviations: CP=cerebral palsy, CM= cerebral malformation TBI= traumatic brain injury, AV malformation= arterio-venous malformation,
UE=upper extremity, Tx.= treatment, PDMS-F = Peabody Developmental Fine Motor Scales, J-T Test= Jebsen-Taylor Test of Hand Function,
TPD= Two-point discrimination, PDMS= Peabody Developmental Motor Scales, WMFT= Wolf Motor Function Test, AMPS= Assessment of Motor
processing Skills, FAT= Frenchay Arm Test, MRC= testing for radial ulnar finger extension and wrist extension, 8-Os= Bruininks-Oseretsky Test of
Motor Proficiency, AAUT= Actual Amount of Use Test, MAL= Motor Activity Log, DDST= Denver Developmental Screening Test, PMAL= Pediatric
Motor Activity Log, TAUT= Toddler Arm Use Test, EBS= Emerging Behavior Scale, AHA= Assiting Hand Assessment, QUEST= Quality of Upper
Extremity Skills Test, CFUS= Caregiver Functional Use Survey, Cont= Control.
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TABLE 2

Levels of evidence

Level

missing a clinically significant effect.

Large randomized trials, producing results with high probability of certainty. These include studies with positive
effects that show statistical significance and studies demonstrating no effect that are large enough to avoid

Level Il

rule out the possibility of a clinically significant effect.

Small randomized trials, producing uncertain results. These are studies having a positive trend that is not
statistically significant to demonstrate efficacy or studies showing a negative effect that are not sufficiently large to

Level lll

Non-randomized prospective studies of concurrent treatment and control groups, i.e., cohort comparisons
between contemporaneous subjects who did and did not receive the intervention.

Level IV

subjects who did not.

Non-randomized historical cohort comparisons between subjects who did receive the intervention and earlier

Level V

not demonstrate efficacy.

Case series without controls. The clinical course of a group of clients is described, but no control of confounding
variables is undertaken. This is a descriptive study which can generate hypotheses for future research but does

Source: American Academy for Cerebral Palsy and Developmental Medicine. Treatment Outcomes Report

Charles et al., unpublished; Gordon et al., un-
published). To date, the extent to which specific
impairments, lesion timing, and the location and
severity level are predictive of efficacy is not
known.

Age appropriateness and CNS plasticity

The ages of the children who participated in
these 15 studies ranged from 12 months to 17
years. As all of the studies reported positive
results, CI therapy or forced use appears to have
the potential for a range of ages that span across
motor developmental levels. Nevertheless, deter-

mining the optimal age for administering these
interventions is not possible from these studies
because the method-ologies, restraint duration, and
outcome measures differed.

The types of practice and practice schedules
for involved upper extremity use may also be age-
dependent, based on new insight into mechanisms
directing motor skill acquisition. Hadders-Algra
(2000) suggests that two phases of variability
(primary and secondary) in motor skill development
may determine the age most appropriate for new
movement experiences. Primary variability, which
is related to motor development during early fetal
life and continues into infancy, is characterized by
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variability in movement trajectories and temporal
aspects of movement and is brought through
primary neural networks. The secondary variability
phase begins around 2 to 3 years and persists
through adolescence. During this phase, a variable
movement repertoire is developed, with an
efficient motor solution for specific environmental
constraints. Thus, the efficacy of CI therapy
intervention approaches for the pediatric popula-
tion may well be dependent on age at the time of
treatment, with intervention at younger ages aimed
at enlarging primary neural networks through
experience, and interventions conducted at older
ages aimed at increasing practice of the involved
extremity (Hadders-Algra, 2001).

The potentially greater CNS plasticity in
children might mean that CI therapy and forced use
can be more efficacious in younger children than in
older children. Recent studies, however, have
begun to define critical periods (heightened levels
of plasticity) in early development, during which
neuron circuits can be shaped by experience (see
Hensch, 2004), that can have an impact on the
selection of appropriate ages for the application of
therapy. Development of the corticospinal tract
subserving distal extremity control has been found
to be dependent on motor activity during a key
critical period in the developing kitten (e.g., Salimi
& Martin, 2004). Thus, promoting early use can
enhance the development of spared circuitry,
optimizing developmental motor skill potential.
Yet, restricting movement or motor activity during
such a critical period can have the opposite effect,
leading to impoverished corticospinal termination
and motor behavior (e.g., Martin et al., 2004).

Although the extent to which such critical
periods exist in humans is not known, corticospinal
tract connections do continue to develop during the
first years of life, and restricting movement of the
non-involved limb for long periods could
potentially have permanent repercussions for the
development of motor skills in that limb. Thus,
extreme caution should be exercised in restraining

children at too young an age.

Although greater plasticity is generally assumed
in younger children, recent findings suggest a
poorer outcome of language development for
children sustaining stroke under the age of 1 year
than for children who sustain a stroke at a later age
(Chapman et al., 2003). Thus, a general ‘earlier is
better rule’ may not always be applicable.
Furthermore, should there be greater plasticity, it
may be countered by the reduced time on task that
is likely achievable in young children, and because
the motivatign to participate in a forced use or CI
intervention is likely to come from the parent. In
contrast, adolescents may have greater motivation
to improve their own motor function, given their
increased awareness of their impairments and
desire for social inclusion.

The stage of motor development is likely to
have important implications for the type of activity
practiced during the intervention. One study
(Glover et al,, 2002) in children with hemiplegia
mentions early poverty of movement as the basis
for delayed motor development and increased use
of the non-involved extremity. Children with
cerebral palsy can suffer from stereotypic motor
behaviors resulting from the limited repertory of
neuronal networks and problems in selecting the
most efficient neuronal network (Hadders-Algra,
2001). Thus, CI therapy intervention at earlier ages
may have to focus on motor development and
primary motor skill acquisition rather than
focusing on fine motor and manipulative skills. In
addition, the type of practice that is emphasized
during the intervention period must be related to a
child’s motor developmental age.

Type of restraint

Because the restraints in these studies are often
worn for extended periods (from 6 to 24 hours per
day), the type of restraint should be a consideration
in adapting the intervention to children. The types
of restraint was examined in several adult studies
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and included a sling, a sling combined with a
resting hand splint, a half glove, a mitt, and
intensive practice without a restraint. Although the
type of restraint did not affect the therapeutic
outcome immediately following the intervention,
groups that used a half glove or intensive practice
without a restraint had lower test scores 6 months
after the intervention (Taub & Wolf, 1997). The
authors concluded that whereas active practice is
the important variable in treatment efficacy, the
type of restraint is related to the intensity of
practice if the restraint is worn during all of
waking hours, (Taub & Wolf, 1997). Specifically,
restraints that allow some use of the non-involved
extremity will result in less intensive practice
because the non-involved arm can still be used to
complete tasks. Another consideration concerns
safety issues when individuals are wearing the
restraint in the home environment. In fact, the use
of a mitt rather than a sling was ultimately
employed in the national clinical trial for safety
reasons, i.e., to allow the wearer to be able to use
the non-involved upper extremity for protection
extension in case of loss of balance or falls
(Winstein et al., 2003).

The following different types of restraints were
used during the restraint period in the pediatric
studies: casts (Yasukawa, 1990; Glover et al.,
2002; Willis et al., 2002; DeLuca et al., 2003),
resting splints (Crocker, 1997; Glover et al., 2002;
Eliasson et al., 2003), slings (Charles et al., 2001;
Charles et al., unpublished; Gordon et al,;
unpublished), mitts (Pierce et al., 2002; Karman et
al., 2003), and gentle intermittent physical restraint
(Naylor & Bower, in press). Whereas each study
described the extent of the restraint (usually by
how much of the extremity was covered by the
restraining device), few studies provided a
rationale for employing a particular type of
restraint. Concerns regarding compliance, safety
and side-effects were stated as a consideration in
the type of restraint that was used in several studies
(Charles et al., 2001; Eliasson et al., 2003; Naylor

& Bower, in press; Charles et al., unpublished;
Gordon et al.; unpublished).

Program intensity

Only one study required restraint wear for the
time that has been used in adult studies (90% of
waking hours) (DeLuca et al., 2003). Three studies
(Willis et al., 2002; Yasukawa et al., 1990; Taub et
al., 2004) required the children to don the restraint
for a longer period (24-hours per day). Placing a
child in a cast for either 90% or more of waking
hours is restrictive because it does not give a child
an opportunity during the day for successful
interaction with the environment. Although
compliance is assured, the frustration for children
and their families could be excessive, particularly
for younger children whose attention span on a task
is typically short.

In the other studies, children wore restraints for
shorter durations and/or the type of restraint was
less restrictive. With the exception of four studies
(Pierce et al., 2002; Sterr et al., 2002; Eliasson et
al., 2005; Naylor & Bower, in press), however, the
restraint was never worn for less than 6 hours per
day, and the intervention period was never less
than 10 days (see Table 1). In this respect, the
length of time of active programming and the
duration of the intervention generally followed the
protocol in adult CI therapy studies. Such variation
in restraint type and duration appears to have been
an effort to make the intervention more child-
friendly.

The length of the intervention and the intensity
of active programming are linked. A premise of CI
therapy is the intensity and type of practice provided
during the intervention. Based on animal deaf-
ferentation studies, Taub (1980) determined that
changes in extremity motor function were transient
with less than three days in a restraint. Therefore, a
period of 7 to 10 days was determined to be an
optimal duration for intervention. In addition, in
most adult studies the time spent in active pro-
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gramming has been 6 hours/day, although the
justification for this length of time has never been
clearly stated (see Wolf et al., 2002 for review).
Using this regimen, CI therapy has been shown to
be effective even in older children and adolescents
(Charles et al., 2001; Eliasson et al., 2003; Gordon
et al. unpublished). Gains in younger children have
been observed using forced use without structured
practice (Willis et al., 2002) and CI therapy
modified to be less intense (e.g., Eliasson et al,;
2005; Naylor & Bower, in press). Whether older
children would improve with reduced intensity
associated with a few hours per week or forced use
without structured practice is unknown.

Forced use versus CI therapy

Constraint-induced therapy with structured
practice involves using the restraint of the non-
involved extremity and providing structured
practice that includes both shaping and repetitive
task practice (Taub & Wolf, 1997; Wolf et al.,
2002; Winstein et al., 2003). Based on this
definition, any intervention that does not include
shaping practice is considered either CI therapy
with active practice (modified CI therapy) or
forced use (see Fig. 1). Although restraint of the
non-involved upper extremity is common to all but
two studies (Sterr et al., 2002; Naylor & Bower, in
press), structured practice that includes shaping is
described in nearly half of the remaining studies
(Sterr et al., 2002; Karman et al., 2003; DeLuca et
al., 2003; Taub et al., 2004; Charles et al.,
unpublished; Gordon et al., unpublished). One
study (Willis et al., 2002) clearly used forced use,
and several studies included either more or longer
therapy sessions to provide some more-structured
practice during restraint wear (Pierce et al., 2002;
Yasukawa, 1990; Crocker et al., 1997; Glover et
al., 2002; Eliasson et al. 2003; 2005). Two studies
(Charles et al,, 2001; Eliasson et al., 2003)
provided some structured practice without shaping
during a 6-hour restraint period.

Constraint-induced therapy, as defined in the
adult studies, involves the addition of structured
practice (Fig. 1), which may not be appropriate for
younger children who cannot sustain long periods
of attention (Plude et al., 1994; Gordon et al.,
2005). Shaping and repetitive practice provided
through play activities can be made child friendly,
depending on the type of activity used for
structured practice but may be too difficult for
children below 3 years because of time on task.
Four studies that used forced use (restraint plus
unstructured practice, see Fig. 1) included children
2 years of age and younger (Yasukawa, 1990;
Crocker et al., 1997; Willis et al., 2002; Eliasson et
al. 2003), whereas another study involving younger
children (age 19 and 38 months) used modified CI
therapy by providing an intensive therapy program
that promoted hand and arm function in addition to
a restraint (Glover et al., 2002). These studies
support the idea that structured practice may be too
difficult for younger children.

The results of one case study (DeLuca et al.,
2003) specifically indicated that structured practice
involving shaping was used with a child younger
than 2 years. The type of activities used during the
intervention, however, were based on primary motor
skill acquisition, i.e., the use of the involved upper
extremity in crawling rather than fine motor and
manipulative skills; the duration of active practice
was dependent on the child’s naptime. In addition,
facilitation techniques such as tapping and hand-
over-hand assistance were used to help the children
to obtain movement objectives. Although these
techniques are often used in physical and/or
occupational therapy, movement of the involved
upper extremity may have been more passive than
active, which is not indicative of the type of
practice defined in the adult CI therapy studies.

Thus, forced use or a modified form of CI
therapy may be most appropriate for children 3
years of age and younger because it does not
involve structured practice (shaping and repetitive
task practice) and would not require the attention
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to time on task, whereas a child-friendly CI therapy
(restraint plus structured practice, see Fig. 1) might
be more appropriate for children 4 years of age and
older who have the ability to sustain time on task
for longer periods (Gordon et al., 2005).
Nevertheless, forced use should not be viewed as
less invasive because the activities in which a child
chooses to engage would not be adapted to their
capabilities, potentially leading to greater frustration.
Accordingly, the dropout rates of participants
receiving CI therapy (Gordon et al.,, 2005) are
likely to be much lower than in those receiving
forced use.

Whereas the results of these pediatric studies
were positive regardless of the type of practice
provided during the restraint period, the adult
studies tested various types of practice during the
restraint period (Taub & Wolf, 1997). Shaping and
structured task practice are based on behavioral
training principles that can also be described as
motor learning in terms of part-task practice
(shaping), as well as practicing an entire functional
task (whole practice), with changes in task
constraints increasing the difficulty of the task and
global feedback providing information about task
performance (Winstein et al., 2003). With this in
mind, motor learning principles such as practice
schedules, types of task practice, types of feed-
back, and retention testing (Schmidt & Lee, 1999)
may be an appropriate theoretical framework to
use in defining a CI therapy intervention that is
appropriate for pediatric populations (Gordon et
al.,, 2005). Presently the optimal ingredients for
successful practice are not known.

Intervention goals and measuring outcomes

What outcomes can we expect from forced use
and CI therapy studies? Determining how to quantify
changes proves difficult because most existing tests
of pediatric hand function are not designed for
children with unilateral impairments and all tests
have limitations. We propose that assessment should

take place on three levels: (1) changes in unimanual
hand performance, (2) changes in bimanual hand
performance, which is also impaired (e.g.,
Steenbergen et al., 1998; Hung et al., 2004), and
(3) changes in functional outcome. Generally,
quantitative outcome measures should be age-
appropriate, reliable, sensitive, and repeatable. In the
15 studies to date, the outcome measures varied
from study to study. Such diversity of measures
can be due in part to the age range of the children
(toddler to late adolescence) that were tested.
Expected outcomes are linked to age. For example,
most pediatric clinical measures of upper extremity
function for children younger than 3 years focus on
changes in motor development (at this age even
functional skills are regarded as developmental). In
contrast, the measures for older children focus on
real-life use and advanced motor-skill acquisition.

Several studies included outcome measures
that were devised specifically for the intervention
(DeLuca et al., 2003; Taub et al., 2004). Standardized
tests and clinical measures of hand function were
also used to measure changes from pre to post-
intervention (see Table 1). In addition, two studies
used tests that had been developed for the adult
population (Pierce et al., 2002; Karman et al.,
2003). Qualitative methods were used in two of the
15 studies (Crocker et al.,, 1997; Glover et al.,
2002). Given the limitations of available tests
across the age groups, additional qualitative studies
can be useful to describe information about change
in function.

As mentioned previously, the variability of
evaluation tools among the studies makes it
difficult to draw conclusions about the extent of
changes following the intervention. Although the
age span of the children included in the studies
made it difficult to use common standardized tools,
this variability could also reflect a lack of consider-
ation for the therapeutic goals of the intervention.
Based on the types of evaluation tools that were
used in all of these studies, information regarding
changes in development, strength, efficiency, coor-
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dination, and real-life use of involved upper
extremity was evaluated (see Table 1). A clarifi-
cation of inter-vention goals is important in the
selection of appropriate evaluation tools. Goals and
outcomes of an intervention should be consistent
with the needs of the intended population (Palisano
et al., 2000).

Is posture in the picture?

Upper extremity function involves appropriate
postural control. At a minimum, the trunk must
provide suitable support. During reaching and
object manipulation, both adults (e.g., Kaminski et
al., 1995; Adamovich et al., 2001; Thomas et al.,
2005) and typically developing children (e.g., Van
Der Fits & Hadders-Algra, 1998; van der Heide et
al., 2003) integrate trunk motion to propel the arm
forward and exhibit anticipatory postural adjust-
ments to counterbalance the destabilizing effects of
limb movement. Children with hemiplegia ofien
have an impaired capacity to modulate the postural
adjustments to upper limb task-specific constraints
(Hadders-Algra et al., 1999, van der Heide et al.,
2004). Whether such impairments are sensitive to
the intensive use of the involved extremity during
forced use or CI therapy is not known. For example,
it is conceivable that because of the intervention,
children with hemiplegia may be able to move
their involved extremity more independently (less
trunk contribu-tion and joint freezing). Detailed
kinematic studies of reaching movements are
therefore required.

By virtue of placing a restraint on one upper
extremity, there can be profound effects on postural
control and stability. Beyond affecting symmetry, a
restraint could limit corrective responses to falls.
Conversely, postural responses could be adapted to
compensate for the restraint of the non-involved
upper extremity. Furthermore, we have observed
that when performing gross motor activities (such
as throwing a ball or hitting a balloon in the air)
with the involved extremity, children with hemi-

plegia often have difficulty separating shoulder
flexion from trunk movement. Such children
require trunk stability and kinesthetic orientation to
perform the task. Similarly, adults with hemiplegia
improve the performance of a reaching task when
the trunk is stabilized (Michealson & Levin, 2004).
We have found that initially having adults perform
such activities while standing against a wall
provides this input. Children instructed to try the
activity generally move away from the wall after a
short period of time, and their accuracy and
consistency in performing these tasks improve.

CONCLUSIONS

Both forced use and CI therapy appear to be
promising for improving hand function in children
with hemiplegia. Both interventions involve eliciting
intense practice, which is the key ingredient to
improvement in motor function. Nevertheless, as
most of the studies are case studies and there have
yet to be any Level I studies conducted to date,
substantially more work must be performed before
this approach can be advocated for general clinical
use. Furthermore, a number of key questions must
be addressed. For example, what is the best age to
administer these therapies? Would forced use be
more appropriate for some ages and CI therapy
more appropriate for others? Additionally, the
invasive nature of such an intervention in children
has to be addressed in more depth. The types of
restraint and restraint times are two variables that
make this type of intervention invasive for children
and their families. How can we make the
intervention more child-friendly while maintaining
practice intensity? What is the optimal dosage
response and key practice ingredients? What range
of severity will likely be amenable to intervention?
What are the side effects? What implications are
there for postural control?

If the goal of forced use or CI therapy is to
improve involved upper extremity function in
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children with hemiplegia, then the motor-learning
principles of motor skill acquisition can provide a
common theoretical model for developing future
studies. An important consideration is that it is not
the restraint that induces change, rather it is the
environment that is used to solicit intensive practice.
Perhaps the most important question for future
work is whether similar intensive practice can be
elicited without such restraint and whether this
approach might result in even better functional
outcome.
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