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Abstract

Children with unilateral cerebral palsy experience difficulties with unimanual and bimanual upper limb function, impacting
independence in daily life. Targeted upper limb therapies such as constraint-induced movement therapy, bimanual training, and
combined approaches have emerged in the last decade. This article reviews the scientific rationale underpinning these treat-
ments and current evidence to improve upper limb outcomes and goal attainment. Intensive models of therapy achieved mod-
est to strong effects to improve upper limb function compared to usual care. Dose-matched comparisons of bimanual and
unimanual training demonstrated similar gains in upper limb outcomes. The optimum timing, dose and impact of repeat epi-
sodes of intensive upper limb therapies require further investigation. Characteristics of children who achieve clinically mean-
ingful outcomes remain unclear. Key components of intervention include collaborative goal setting with families and intensive
repetitive, incrementally challenging, task practice. Choice of treatment approach should be governed by child/family goals and

preferences, individual, and contextual factors.
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In all aspects of daily life, we perform activities that require
the use of 2 hands. Children with unilateral cerebral palsy,
at all ages, who experience reduced function in 1 hand will
continuously experience problems with day-to-day occupa-
tional performance, impacting broader participation in life
situations.' These children are usually integrated in society
making them more likely to compare themselves with their
typically developing peers. Children with unilateral cerebral
palsy have various degree of decreased upper limb function,
from slight clumsiness to almost no ability to use the hand.
Weakness and sensation are commonly impaired which is
closely related to severity of hand function.

Traditional neurodevelopmental models of treatment have
focused on reducing tone and normalizing upper limb move-
ment patterns, thereby reducing functional limitations.*
Evidence for these approaches to ameliorate upper limb activ-
ity limitations is weak.> In recent years, there has been a
greater focus on improving coordination between hands and
use of the impaired upper limb as a helping hand or support.
Advances in understanding motor learning has framed interven-
tion to focus on the persons’ self-initiated voluntary movements
and problem solving in daily activities, recognizing the impor-
tance of repetition of activities at the “just right challenge” to

yield sustained ability in new tasks.® This represents a theoretical
shift from targeting impairments at a Body Structure and Func-
tion Level of the International Classification of Functioning,
Disability and Health to activity level change.
Constraint-induced movement therapy and intensive bimanual
training are 2 contemporary motor learning—based approaches
directly focusing on upper limb function in children with unilateral
cerebral palsy. The theoretical foundations of constraint-induced
movement therapy can be traced back nearly a century with beha-
vioral studies of monkeys with pyramidal tract lesions inducing
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hemiplegia, whereby it was suggested that the motor impairments
were largely due to disuse of the paretic upper limb.”® Recovery of
function was observed after immobilization of the contralateral
upper limb. A similar phenomenon was observed in experimen-
tally induced unilaterally deafferented monkeys by Taub and col-
leagues.” Taub established the “learned non-use” hypothesis,
whereby deafferentation led to inactivity and created disincentive
to use the limb."” These results led to a testable hypothesis in
humans. Following a case study more than 30 years ago,"' Wolf
and colleagues'” were the first to study the application of this
“forced use” approach in human adults following stroke. Subse-
quently, a more active approach combined structured practice uti-
lizing shaping to the restraint, which was termed “constraint-
induced movement therapy.”'*'* One of the first multisite physi-
cal rehabilitation randomized control trials, the EXCITE trial,"
and subsequent Cochrane review,'® have since shown constraint-
induced movement therapy to result in significant and lasting
improvements of upper limb function in a portion of adults with
hemiparetic stroke.

The signature form of constraint-induced movement therapy
developed for adults is an intensive physical intervention that, in
its original form, is not child-friendly and is potentially invasive.
Specifically, it requires restraining the less impaired upper limb
90% of waking hours for 14 consecutive days, with 6 hours of
intensive programming for 10 of 14 days. During this time, the
impaired upper limb is used in activities characterized by 2 types
of practice: repetitive task practice and shaping.'” Both types of
practice involve adult-oriented, monotonous tasks (eg, screwing/
unscrewing bolts, adult-appropriate functional tasks) that would
unlikely hold a child’s interest for long. Adult constraint-induced
movement therapy is focused on overcoming “learned non-
use.” Children likely have “developmental non-use,” whereby
they can be asked to use their limbs unimanually for the first
time. This increases focus on their impairments, and the likely
high rate of initial failures at performing these tasks may cause
frustration and potentially affect self-esteem. Unlike adults with
stroke, young children may not be motivated to improve func-
tion. Finally, using a restraint outside structured practice (ie,
forced use) could result in additional frustration and result in
increased family burden and safety concerns. Thus, procedures
associated with constraint-induced movement therapy in adults
may not be appropriate for children.

The use of physical restraints of the less affected upper
limb had previously been described in children with unilateral
cerebral palsy,'®'? and the first formalized proof of principle
case study of constraint-induced movement therapy was
reported more than a dozen years ago.?’ In this application,
a cotton sling (rather than a cast, often used in adults) was
used to restrain the less-impaired upper limb 6 hours/d for
10 days, with training administered by a physical therapist in the
home environment. Subsequently, pediatric constraint-induced
movement therapy has been applied in day camp settings to
maximize efficient delivery, social participation, modeling,
and enjoyment®'*® or used home-based models whereby
younger children were engaged in preschool settings for just
2 hours/d.*"-*®

The State of the Evidence for Intensive Upper
Limb Therapy Approaches

Since the first published randomized controlled trial of
constraint-induced movement therapy with children with
unilateral cerebral palsy in 2004,%° there has been a substan-
tial increase in the evidence for this intensive treatment
approach. Efficacy of bimanual training (targeting coordi-
nated use of 2 hands together) and models combining
constraint-induced movement therapy and bimanual therapy
(hybrid therapy) has been investigated to a lesser extent.
Twenty-four randomized controlled trials have been published
for constraint-induced movement therapy (19 studies; n = 662);
hand arm bimanual intensive training (1 study; n = 20); and
hybrid therapy (3 studies; n = 116) (Table 1). Eight studies of
constraint-induced movement therapy,?%2%-3%34:36-38:40.47.52.54
hand arm bimanual intensive training,®* and 2 of hybrid ther-
apy>>* have compared intervention to a control or usual care
group receiving substantially less therapy. Six studies of
constraint-induced movement therapy>**>***#” and 2 of hybrid
therapy®®>* have compared intervention to an equivalent dose of
bimanual therapy or usual care.

Constraint-Induced Movement Therapy

Population. Studies of constraint-induced movement therapy
have predominantly targeted children with spastic unilateral
cerebral palsy, with the exception of 1 study that included
children with quadriplegia.’” For inclusion in constraint-
induced movement therapy, children generally required a
degree of active wrist extension and grasping ability on the
impaired upper limb,2>-323438:43.47-49.52-54 A gmaller number
of trials have included children with all degrees of severity
of hand function.?’2***%335 The rationale for limiting inclu-
sion of children based on severity of hand function (ie, no
ability to grasp) was to minimize potential frustration, but also
related to a possible restricted choice of age-appropriate
activities. Despite these concerns, there has been some sug-
gestion that children with minimal hand function can achieve
large improvements in upper limb skills following constraint-
induced movement therapy.?’

Constraint-induced movement therapy has been used mainly
with children aged between 2 and 16 years. Only 1 randomized
controlled trial has included infants less than 1 year of age®’
and a number have involved adolescents,?>=7-33-:4%:47:51.33.54
Results from animal and infant studies suggest that optimum
outcomes of upper limb therapies could occur with earlier
onset of intervention in infancy.’® The use of constraint on the
unimpaired limb may assist in balancing hemispheric activity.
Inactivation of the unimpaired contralesional corticospinal
tract (via use of constraint) while training on the impaired
limb competitively advantages the ipsilesional corticospinal
tract. This may limit the competitive displacement of intact
contralateral corticospinal tract projections in the injured
hemisphere by more active corticospinal tract projections in
the uninjured hemisphere.”’ It is unknown, however, whether
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long periods of restraint during infancy can impact normal
development of the unimpaired limb; therefore, caution is
warranted and less intensive models of constraint-induced
movement therapy should be considered. Although this
research suggests that intervention should commence earlier
than what has currently occurred, it is important to note that
older children have demonstrated significant and clinically
meaningful gains following constraint-induced movement
therapy.?**> In a direct comparison, older (aged 9-13 years)
compared with younger (aged 4-8 years) children achieved sim-
ilar gains following constraint-induced movement therapy.>®
Nevertheless, the optimum timing throughout child develop-
ment that would be most amenable to constraint-induced
movement therapy to improve upper limb function remains
unclear.

Methods of restraint. There has been significant variation across
studies according to the model of therapy (length, frequency,
and duration), type of restraint used, and differing contexts in
which therapy was delivered. Signature constraint-induced
movement therapy proposed by Taub used continuous wear
of a cast,?”*** whereas modifications to ensure a more
““child friendly” approach have included use of individually
constructed gloves or mitts,>>27:28:34.36.38.32.35 iy gq 24.32.50
splints, 334454849 or elastic bandages.*”*” Use of a continu-
ously worn cast completely restricts use of the impaired upper
limb. Alternative forms of restraint, such as mitts or splints
worn for specified hours throughout the waking day, changes
the role of the unimpaired limb so that it becomes an assisting
hand, allowing the impaired upper limb to act as the dominant
hand. There is no clear evidence that one method of restraint
is superior to another; therefore, choice needs to consider
safety, comfort, family preferences, and the context in which
therapy is delivered.

Intensity, dose, and context of intervention. Models of therapy
delivery can broadly be categorized as short-length, high-
duration or long-length, low-duration (distributed model).
There has been considerable variation in both the total dose
of therapy provided as well as the proportion of direct ““hands
on” intervention provided by therapists and indirect therapy
via use of home/preschool programs. Short-length, high-
duration therapy models have been carried out over a 2- to
4-week period, with frequency ranging from 2 to 7 sessions
per week.>25:29:32.37:42.:43.45.47.49.50 geqgion times (duration)
ranged from 1.5 to 6 hours, with the total dose of direct “hands
on” therapy varying between 18 and 126 hours. Accompanying
home practice was required in most studies with the expected
dose between 21 and 240 hours. Distributed models of inter-
vention ranged from 5 to 10 weeks in length with between
1 and 3 sessions per week.?33436:38:52.55 The dose of direct
therapy ranged from 8 to 90 hours, with proportionally greater
expectations for home practice (28-168 hours). To date, there
has been no direct comparison of intensive versus distributed
models of constraint-induced movement therapy.

Constraint-induced movement therapy has been provided
on an individual basis or in groups (2-13 children). Groups
have been used primarily with school-aged children. There
is no indication that group-based intervention is less effective
than individually tailored therapy; however, a number of
the group-based programs used a child-to-therapist ratio of
1:1%** or involved caregivers.’® This can allow individuali-
zation of the program within the group context while drawing
upon the benefits of a group such as peer modeling and support,
relating to others with similar difficulties and social interaction.
The context of therapy delivery has predominantly been in
hospital or clinic settings,24-293%:34.36:40:45.49.50.52 oy erg]
studies have provided constraint-induced movement therapy
using a more ecological approach embedding intervention
in naturalistic home,?27-*847:3442 5chool,*® or community
leisure environments.* Findings of home and community deliv-
ered constraint-induced movement therapy have consistently
demonstrated gains in upper limb function.?8:37-38:424754 A
direct comparison of home- versus center-based constraint-
induced movement therapy (n = 14) demonstrated no imme-
diate differences between the 2 therapy contexts.*® There was
some suggestion, however, of greater gains by the home base
group at 3 months postintervention,*® supporting the notion of
generalization of skills. Despite the large variation in models
of therapy delivery, findings suggest that constraint-induced
movement therapy is superior to usual care to improve spon-
taneous use,””*>*’ efficiency and quality of movement of the
impaired upper limb,****>*> and bimanual hand use.?”*%-¢

Acceptability and feasibility. Despite evidence suggesting that
constraint-induced movement therapy is an effective treatment,
there is limited knowledge about the feasibility of providing
constraint-induced movement therapy in different environmental
contexts or to what extent the restraint may or may not negatively
impact the child’s emotional and psychological well-being.
Acceptability of constraint-induced movement therapy from a
child’s perspective could depend on both the type and length of
time the restraint is used as well as how the training is organized.
Young children in particular will not cooperate if the training is
not fun and engaging. Therapy must provide the ““just right” chal-
lenge. If it is too difficult, the child may not persist and if it is too
easy, they are likely to find it boring and lose interest. The coop-
eration of children and the acceptance of the restraint are therefore
highly dependent on the therapist’s skills to engage and appropri-
ately target therapy to the child’s abilities. The type of restraint
could additionally impact acceptability. Most commonly,
higher-quality studies have used removable devices such as a
sling, mitt, splint, or glove, whereas there are several studies using
nonremovable devices such as casting.>**%°%5%%% A nonremova-
ble cast is typically worn at all times during the day, resulting not
only in much greater intensity of unstructured training but also a
heavier burden on the child.****** Removable restraints have
predominantly been applied during the structured skills training
period. There is currently no evidence to suggest use of nonremo-
vable devices compared with removable devices achieves superior
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results, and issues around compliance when using different types
of constraints requires further investigation.

Few adverse events have been reported for nonremo-
vable restraints.**** The average participant drop-out rate
for constraint-induced movement therapy and comparison
groups across 21 published randomized controlled trials
of constraint-induced movement therapy in children is 9%.%°
Tolerance of wearing the restraint has rarely been investigated
from a child perspective. In a number of studies, parents have
reported that a fabric mitt, custom made for comfort and fit,
was well tolerated and emphasized that a long splint was less
acceptable.*"** School-aged children attending a day camp cir-
cus themed constraint-induced movement therapy group high-
lighted the frustration and discomfort of wearing a restraint.
However, these barriers were moderated with supports that
enabled, engaged, and motivated participation (eg, fun experi-
ences of camp, circus, positive connections with others).%®
Therefore, the rate of drop-outs can depend on the type of
restraint used but also other child and environmental factors.

Constraint-induced movement therapy has been provided
in various environments using different models of therapy
provision. The development of different models appears to
reflect practical issues and the social and economic systems
in different countries. For example, day camps for school-
aged children are often run during school holidays. For
families that are at a distance to the therapy setting or where
both parents work, the training can occur at home or in school.
Findings suggest that intervention can be carried out effec-
tively by family members, teachers, or students as long as
they receive training and supervision from therapists.?**-
When the training is provided by others in a nonstandardized
environment, the expected dosage of training has not been
fulfilled, and it is unclear whether children complete the inter-
vention as intended. However, it appears that reported results
are similar to more controlled intervention programs.

A major consideration for implementing constraint-induced
movement therapy in clinical practice relates to the cost
benefit of this potentially resource-intensive intervention.
Home-based or daily environmental programs are possibly
more cost effective than hospital-based programs as they pro-
vide less therapy-guided sessions although still requiring
planning and education. Education of the constraint-induced
movement therapy-provider is important and supervision
from therapists needs to occur to ensure the provider remains
motivated and the training occurs as intended. Resources such
as handbooks and manuals for the implementation of
constraint-induced movement therapy programs are required.

Bimanual Therapy and Hybrid Models

Despite showing strong levels of efficacy,”** constraint-induced

movement therapy has some limitations even with the modifi-
cations described earlier. Most important, constraint-induced
movement therapy focuses only on training unimanual dexterity,
which does not greatly influence functional independence and
quality of life because they have a well-functioning (dominant)

hand." Children with unilateral cerebral palsy have impairments
in spatial and temporal coordination of the 2 hands,*® as well
as global impairments in motor planning.®® Constraint therapies
cannot address these problems without a transfer protocol,”® and
thus generalization of training cannot apply. These limitations
drove the modification of bimanual training, already used as one
tool by occupational/physical therapists, such that it was deliv-
ered with the same intensity as constraint-induced movement
therapy. One highly structured form of bimanual training,
HABIT (Hand Arm Bimanual Intensive Training),>***’! aimed
to improve the amount and quality of impaired upper limb use
during bimanual tasks. Hand Arm Bimanual Intensive Training
retained the intensive structured practice of constraint-induced
movement therapy but engaged the child in bimanual activities
rather than relying on use of a restraint to encourage use of the
more affected upper limb. Children’s goals and parental involve-
ment were integral and consistent with family-centered prac-
tice.”> Functional activities requiring the use of 2 hands were
used, with particular consideration of the role of the impaired
upper limb (to stabilize by grip, manipulate, etc). Children were
required to actively problem-solve in order to complete tasks.
Initial findings from a small randomized controlled trial (n =
20) of Hand Arm Bimanual Intensive Training (60 hours of
intervention) compared to usual care for children with unilateral
cerebral palsy demonstrated improved bimanual performance,
but limited gains in movement efficiency of the impaired upper
limb.>? Direct comparisons of bimanual therapy to an equal dose
of constraint-induced movement therapy have demonstrated
minimal differences between the 2 approaches to improve upper
limb outcomes®*?°° that was confirmed in a recent systematic
review and meta-analysis highlighting both interventions led to
similar improvements in upper limb outcomes.>® Two important
caveats are that bimanual training resulted in greater improve-
ments in goals identified by caregivers®** and in the spatial-
temporal coordination of the 2 hands during a functional biman-
ual activity.”

Bimanual training embedded in a cognitive-based interven-
tion framework has been compared to constraint-induced
movement therapy following upper limb injections of botuli-
num toxin A.>> This cognitive problem-solving approach
actively guided children to develop strategies to address diffi-
culties faced during task performance. The recent development
of the Assisting Hand Assessment has expanded our under-
standing of how children with a unilateral impairment use their
impaired upper limb as an assisting hand in bimanual activi-
ties.”* The Rasch analyzed measure provided a hierarchy of
item difficulty that was used to inform treatment goals. Find-
ings demonstrated similar gains in bimanual and unimanual
upper limb function following a cognitive-based bimanual
therapy program compared to constraint-induced movement
therapy, despite the bimanual group receiving on average less
intervention than the constraint-induced movement therapy
group (47 vs 114 hours).>?

Researchers have consistently reported greater difficulty in
provision of bimanual therapy compared with constraint-
induced movement therapy.?>>*2> The restraint in constraint-
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induced movement therapy forces the child to use their impaired
upper limb, requiring less prompting than typically required
in bimanual therapy. Therapists need to be more vigilant in
bimanual therapy, as children will often revert to using 1 hand
despite it being less efficient than 2. The structured presenta-
tion of bimanual activities, with clearly enunciated rules as to
how the impaired hand should be used to complete tasks is
vital. Use of cognitive strategies and verbal mediators have
been useful techniques within this therapy framework.?*>>
Bimanual therapy, however, allows a potentially greater vari-
ety of activities compared with constraint-induced movement
therapy, most of which tend to be more motivating than unim-
anual activities.>

Despite these nuances, in reality, these approaches are
not mutually exclusive, and can be performed concurrently
with sufficient intensity or over time.?***”> Sequential appli-
cation of constraint-induced movement therapy and bimanual
therapy (hybrid therapy) has been investigated in a number
of studies, which aimed to capitalize on the relative benefits
of each approach. The notion is that constraint-induced
movement therapy can “turn on” the upper limb by increas-
ing spontaneous use and functional unimanual capacity, and
bimanual training then facilitates the translation of these gains
to improve goal-directed bimanual performance. Six weeks
of constraint-induced movement therapy followed by 2 weeks
of bimanual therapy (3 hours/d, 3 days/wk) demonstrated
significant gains in unimanual capacity and bimanual per-
formance compared to usual care.’® An alternate model of
constraint-induced movement therapy delivered in a 2-week
period (3 hours/d, 5 days/wk), followed by 1 week of biman-
ual training (3/4 hour/d, 3 d/wk) demonstrated gains in self-
care skills, but not efficiency of movement of the impaired
upper limb, suggesting that the dose of therapy may not have
been sufficient.*’

Evidence for Critical Dose and Neuroplasticity

Although constraint-induced movement therapy and bimanual
training have been provided for varying durations, surprisingly lit-
tle is known about dosing. Three hours of active constraint-induced
movement therapy training seemed to yield similar clinical
improvements compared to 6 hours, but this was likely washed out
by the passive (forced use) component since children were casted
24 hours/d.** Comparisons across studies where conditions were
held constant except duration generally suggest more training is
better. Results of the Jebsen Taylor Test of Hand Function and
Assisting Hand Assessment for children in separate studies who
received either 60 hours over 10 days or 90 hours over 15 days
of constraint-induced movement therapy*>** or Hand Arm Biman-
ual Intensive Training”*** found improvement after constraint-
induced movement therapy for both dosages. Gains were greater
for those receiving 90 compared to 60 hours. Although Assisting
Hand Assessment scores improve for both the 60- and 90-hour
Hand Arm Bimanual Intensive Training groups, the improvement
deteriorated by 1 month for the 60-hour group, whereas it was
retained 6 months later for the 90-hour group. Thus, dose effects

cannot be determined simply by the initial pre-post results because
retention of improvements is the ultimate goal. In a similar compar-
ison of 2 randomized controlled trials providing 60> or 30 hours of
constraint-induced movement therapy or bimanual training,”®
findings suggested 30 hours (half dose) of constraint-induced
movement therapy or bimanual training was insufficient to yield
significant changes in upper limb function. Achievement of indivi-
dualized goals, however, was similar across both doses of therapy
for constraint-induced movement therapy and bimanual training.”®

Irrespective of the type of intervention, variability in response
to therapy has been evident. Forty-six percent to 60% of children
receiving constraint-induced movement therapy have achieved
clinically important gains in bimanual performance postinter-
vention.””**3*77 The characteristics of children that impact
meaningful clinical outcomes remain unclear. Larger gains in
bimanual performance postintervention have been attributed to
younger children,”®>? older children,?”’® and greater impair-
ment at baseline.”**”*2">* Poorer baseline unimanual outcomes
have been attributed to greater gains on unimanual outcomes fol-
lowing constraint-induced movement therapy.*®””

The underlying neuroplastic changes associated with train-
ing have only recently begun to be explored. In one small
functional magnetic resonance imaging (MRI) study,”® an
increase in the magnitude of functional MRI signal in the pri-
mary motor area (M1) of the contralateral hemisphere was
found in some children, indicating clinical improvement after
constraint-induced movement therapy. Another small study
used several methods to quantify neuroplasticity following
constraint-induced movement therapy.*® Magnetoencephalo-
graphy demonstrated a significant increase in activation of the
primary somatosensory cortex. Changes in M1 excitability,
measured with transcranial magnetic stimulation, differed
depending on whether the children maintained the normal
contralateral corticospinal tract projections from M1 to the
spinal cord and hand muscles (contra group), or whether there
was a reorganization’*®! whereby the ipsilateral corticospinal
tract innervated the paretic hand (ipsi group). Transcranial
magnetic stimulation showed an increase in M1 excitability
in the contra group, but a decrease in M1 excitability in the
ipsi group. Similarly, functional MRI showed an increase in
activation in the M1-S1 region in the contra group, but a
decrease in M1 activation in the ipsi group. In a larger rando-
mized controlled trial directly comparing equal doses (60
hours) of constraint-induced movement therapy and bimanual
training (n = 30), increased cortical excitability of the
impaired motor cortex (transcranial magnetic stimulation)
was evident following constraint-induced movement therapy
but not bimanual training.®?

Future Directions

The substantial increase in number of studies investigating
intensive models of upper limb therapies has demonstrated the
clear need to consider intensity of treatment in the delivery of
therapy to children with unilateral cerebral palsy. Three key
questions, however, have been proposed as the most important
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for further research: (1) optimal dosage, (2) repeated treat-
ment sessions, and (3) age responsiveness.®® Irrespective of
whether the therapy is constraint-induced movement therapy,
bimanual therapy or hybrid model, the critical threshold dose
to achieve sustained upper limb outcomes needs to be further
investigated.

Constraint-induced movement therapy was developed as a
“one off” intervention, but this premise can be questioned,
especially when considering a life span perspective. There
is some preliminary evidence to suggest a cumulative effect
of repeat doses of constraint-induced movement therapy,>°
but this requires further exploration. It is unclear whether
there is a ceiling effect in terms of functional skill acquisition,
or if there needs to be repeat bursts of treatment to maintain
children’s skill level. Although repeat doses of bimanual
therapy have not been investigated, it could be hypothesized
that given the very similar outcomes achieved after an episode
of either bimanual therapy or constraint-induced movement
therapy, similar cumulative responses could be expected.
Therefore, from a life span perspective, the choice between
a unimanual, bimanual, or combined approach of therapy at
any particular point in time should reflect the specific goals
and preferences of families combined with possibilities of
different service delivery models.

The third remaining question relates to the importance
of age on therapy outcomes. There is limited evidence for
upper limb interventions for children under 1 year of age;
however, research findings demonstrate that children of any
age, even adolescents, will improve. There can be windows
for increased neuroplasticity in infancy suggesting earlier
provision of therapy may be optimal; however, further inves-
tigation is required. Finally, there has been considerable int-
erindividual variability in response to intensive upper limb
training approaches. Exploration of specific child charac-
teristics (eg, age, severity of impairment, side of hemiplegia,
motivation, cognition, cortical motor reorganization) that lead
to clinically meaningful changes in upper limb function
requires further investigation.

The challenge with any new approach or innovation is
the uptake of evidence into clinical practice. Notwithstanding
the considerable body of evidence available, it appears there
is a lag in adoption of these intensive approaches in clinical
practice >34 Translating evidence into practice can take a
variable and unpredictable amount of time.®* As such, spe-
cific knowledge translation strategies may be required to
ensure that evidence is applied in routine clinical practice in
a timely manner. Therapists need to consider which models
of intervention can be adapted to their local context and
embed these within their current clinical framework. Methods
to increase dose include use of more group-based interven-
tions, augmenting direct hands on therapy with evidence-
based occupational therapy home programs,*® embedding
intervention in naturalistic leisure settings or providing inten-
sive holiday programs. Given the resource-intensive nature of
many of these models of intervention, further investigation of
the cost benefits of each is warranted.

Key Take Home Messages

e There is strong evidence that constraint-induced move-
ment therapy and intensive bimanual therapy work for
children with unilateral cerebral palsy of different age
groups to improve upper limb function, achieve indivi-
dualized goals, and promote plasticity.

e Key components of service provision should be that
therapy is goal directed, use contemporary motor learn-
ing—based approaches such as constraint-induced move-
ment therapy or bimanual task-oriented therapy and be
provided at an adequate dose.

e Most studies use a therapy dose varying from 40 to in
excess of 120 hours.

e Therapy can be effectively provided individually or in
group sessions, augmented by a home program.

e Services for children with unilateral cerebral palsy
need to consider how these therapy approaches can
be embedded within current clinical frameworks.

e Neurologists can support children and families in
achieving optimal upper limb outcomes by early referral
to occupational therapy.

Author Contributions

LS, AG, and A-CE contributed equally to this article, drafting and
critically reviewing the manuscript.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: LS was sup-
ported by a National Health and Medical Research Council (NHMRC)
of Australia TRIP (Translating Research into Practice) Fellowship
#1036183.

References

1. Skold A, Josephsson S, Eliasson A. Performing bimanual activ-
ities: the experiences of young persons with hemiplegic cerebral
palsy. Am J Occup Ther. 2004;58:416-425.

2. Arner M, Eliasson AC, Nicklasson S, et al. Hand function in
cerebral palsy. Report of 367 children in a population-based
longitudinal health care program. J Hand Surg Am. 2008;33A:
1337-1347.

3. Klingels K, Feys H, De Wit L, et al. Arm and hand function
in children with unilateral cerebral palsy: a one-year follow-up
study. Eur J Paediatr Neurol. 2012;16:257-265.

4. Bly L. A historical and current view of the basis of NDT.
Pediatr Phys Ther. 1991;3:131-135.

5. Sakzewski L, Ziviani J, Boyd R. Systematic review and meta-
analysis of therapeutic management of upper-limb dysfunction
in children with congenital hemiplegia. Pediatrics. 2009;123:
ellll-el122.



1088

Journal of Child Neurology 29(8)

6.

10.

11.

12.

13.

14.

17.

18.

19.

20.

21.

22.

23.

Valvano J. Activity-focused motor interventions for children with
neurological conditions. Phys Occup Ther Pediatr. 2004;24:79-107.

. Ogden R, Franz S. On cerebral motor control: the recovery

from experimentally produced hemiplegia. Psychobiology.
1917;1:33-47.

. Franz S, Scheetz M, Wilson A. Hemiplegia. JAMA. 1915;65:

2154.

. Knapp HD, Taub E, Berman AJ. Movements in monkeys with

deafferented forelimbs. Exp Neurol. 1963;7:305-315.

Taub E. Movement in nonhuman primates deprived of somato-
sensory feedback. Exerc Sport Sci Rev. 1976;4:335-374.
Ostendorf CG, Wolf SL. Effect of forced use of the upper
extremity of a hemiplegic patient on changes in function—a
single-case design. Phys Ther. 1981;61:1022-1028.

Wolf SL, Lecraw DE, Barton LA, et al. Forced use of hemi-
plegic upper extremities to reverse the effect of learned nonuse
among chronic stroke and head-injured patients. Exp Neurol.
1989;104:125-132.

Taub E, Uswatte G. Constraint-induced movement therapy: brid-
ging from the primate laboratory to the stroke rehabilitation
laboratory. J Rehabil Med. 2003;35:34-40.

Morris DM, Crago JE, DeLuca SC, et al. Constraint-induced
movement therapy for motor recovery after stroke. Neurorehabil-
itation. 1997;9:29-43.

. Wolf SL, Winstein CJ, Miller JP, et al. Effect of constraint-

induced movement therapy on upper extremity function 3 to 9
months after stroke—The EXCITE randomized clinical trial.
JAMA. 2006;296:2095-2104.

. Sirtori V, Corbetta D, Moja L, et al. Constraint-induced move-

ment therapy for upper extremities in stroke patients. Cochrane
DB Syst Rev 2009;7:CD004433.

Taub E, Morris DM. Constraint-induced movement therapy to
enhance recovery after stroke. Curr Atheroscler Rep. 2001;3:
279-286.

Yasukawa A. Upper extremity casting: adjunct treatment for a
child with cerebral palsy hemiplegia. Am J Occup Ther. 1990;
44:840-846.

Crocker M, MacKay-Lyons M, McDonnell E. Forced use of
the upper extremity in cerebral palsy: a single-case design. Am
J Occup Ther. 1997;51:824-833.

Charles J, Lavinder G, Gordon A. Effects of constraint-induced
therapy on hand function in children with hemiplegic cerebral
palsy. Pediatr Phys Ther. 2001;13:68-76.

Eliasson A, Bonnier B, Krumlinde-Sundholm L. Clinical expe-
rience of constraint induced movement therapy in adolescents
with hemiplegic cerebral palsy—a day camp model. Dev Med
Child Neurol. 2003;45:357-359.

Gordon A, Charles J, Wolf S. Methods of constraint-induced
movement therapy for children with hemiplegic cerebral palsy:
development of a child-friendly intervention for improving
upper-extremity function. Arch Phys Med Rehabil. 2005;86:
837-844.

Deluca SC, Echols K, Law CR, et al. Intensive pediatric
constraint-induced therapy for children with cerebral palsy: ran-
domized, controlled, crossover trial. J Child Neurol. 2006;21:
931-938.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Gordon AM, Hung YC, Brandao M, et al. Bimanual training and
constraint-induced movement therapy in children with hemiplegic
cerebral palsy: a randomized trial. Neurorehabil Neural Repair
2011;25:692-702.

Sakzewski L, Ziviani J, Abbott D, et al. Randomized trial of
constraint-induced movement therapy and bimanual training on
activity outcomes for children with congenital hemiplegia. Dev
Med Child Neurol. 2011;53:313-320.

Aarts PB, Jongerius PH, Geerdink YA, et al. Effectiveness of
modified constraint-induced movement therapy in children with
unilateral spastic cerebral palsy: a randomized controlled trial.
Neurorehabil Neural Repair. 2010;24:509-518.

Eliasson AC, Krumlinde-sundholm L, Shaw K, et al. Effects of
constraint-induced movement therapy in young children with
hemiplegic cerebral palsy: an adapted model. Dev Med Child
Neurol. 2005;47:266-275.

Eliasson AC, Shaw K, Berg E, et al. An ecological approach of
constraint induced movement therapy for 2-3-year-old children:
a randomized control trial. Res Dev Disabil. 2011;32:2820-2828.
Taub E, Ramey SL, DeLuca S, et al. Efficacy of constraint-
induced movement therapy for children with cerebral palsy with
asymmetric motor impairment. Pediatrics. 2004;113:305-312.
Willis J, Morello A, Davie A, et al. Forced use treatment of
childhood hemiparesis. Pediatrics. 2002;110:94-96.

Sung I, Ryu J, Pyun S, et al. Efficacy of forced-use therapy in
hemiplegic cerebral palsy. Arch Phys Med Rehabil. 2005;86:
2195-2198.

Charles J, Wolf S, Schneider J, et al. Efficacy of a child-friendly
form of constraint-induced movement therapy in hemiplegic cer-
ebral palsy: a randomized control trial. Dev Med Child Neurol.
2006;48:635-642.

Gordon AM, Schneider JA, Chinnan A, et al. Efficacy of a
hand-arm bimanual intensive therapy (HABIT) in children
with hemiplegic cerebral palsy: a randomized control trial.
Dev Med Child Neurol. 2007;49:830-838.

Smania N, Aglioti S, Cosentino A, et al. A modified constraint-
induced movement therapy (CIT) program improves paretic arm
use and function in children with cerebral palsy. Eur J Phys
Rehabil Med. 2009;45:493-500.

Brandao M, Mancini MC, Vaz DV, et al. Adapted version of
constraint-induced movement therapy promotes functioning in
children with cerebral palsy: a randomized controlled trial. Clin
Rehabil. 2010;24:639-647.

Al-Oraibi S, Eliasson A. Implementation of constraint-induced
movement therapy for young children with unilateral cerebral
palsy in Jordon: a home-based model. Disabil Rehabil. 2011,
33:2006-2012.

Lin KC, Wang TN, Wu CY, et al. Effects of home-based
constraint-induced therapy versus dose-matched control interven-
tion on functional outcomes and caregiver well-being in children
with cerebral palsy. Res Dev Disabil. 2011;32:1483-1491.
Wallen M, Ziviani J, Naylor O, et al. Modified constraint-induced
therapy for children with hemiplegic cerebral palsy: a randomized
trial. Dev Med Child Neurol. 2011;53:1091-1099.

. Brandao MD, Gordon AM, Mancini MC. Functional impact of

constraint therapy and bimanual training in children with cerebral



Sakzewski et al

1089

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

palsy: a randomized controlled trial. Am J Occup Ther. 2012;66:
672-681.

Facchin P, Rosa-Rizzotto M, Visona Dalla Pozza L, et al. Multi-
site trial comparing the efficacy of constraint-induced movement
therapy with that of bimanual intensive training in children with
hemiplegic cerebral palsy: postintervention results. Am J Phys
Med Rehabil. 2011;90:539-553.

Fedrizzi E, Rosa-Rizzotto M, Turconi AC, et al. Unimanual
and bimanual intensive training in children with hemiplegic
cerebral palsy and persistence in time of hand function impro-
vement: 6-month follow-up results of a multisite clinical trial.
J Child Neurol. 2013;28:161-175.

Taub E, Griffin A, Uswatte G, et al. Treatment of congenital
hemiparesis with pediatric constraint-induced movement therapy.
J Child Neurol. 2011;26:1163-1173.

Case-Smith J, DeLuca SC, Stevenson R, et al. Multicenter rando-
mized controlled trial of pediatric constraint-induced movement
therapy: 6-month follow-up. Am J Occup Ther. 2012;66:15-23.
DeLuca SC, Case-Smith J, Stevenson R, et al. Constraint-induced
movement therapy (CIMT) for young children with cerebral
palsy: effects of therapeutic dosage. J Pediatr Rehabil Med.
2012;5:133-142.

Xu K, Wang L, Mai J, et al. Efficacy of constraint-induced
movement therapy and electrical stimulation on hand function
of children with hemiplegic cerebral palsy: a controlled clinical
trial. Disabil Rehabil. 2012;34:337-346.

Hsin YJ, Chen FC, Lin KC, et al. Efficacy of constraint-induced
therapy on functional performance and health-related quality of
life for children with cerebral palsy: a randomized controlled trial.
J Child Neurol. 2012;27:992-999.

Chen C, Kang L, Hong W, et al. Effect of therapist-based
constraint-induced therapy at home on motor control, motor
performance and daily function in children with cerebral
palsy: a randomized controlled study. Clin Rehabil. 2013;27:
236-245.

Rostami HR, Malamiri RA. Effect of treatment environment
on modified constraint-induced movement therapy results in
children with spastic hemiplegic cerebral palsy: a randomized
controlled trial. Disabil Rehabil. 2012;34:40-44.

Rostami HR, Arastoo AA, Nejad SJ, et al. Effects of modified
constraint-induced movement therapy in virtual environment on
upper-limb function in children with spastic hemiparetic cerebral
palsy: a randomised controlled trial. NeuroRehabilitation. 2012;
31:357-365.

Choudhary A, Gulati S, Kabra M, et al. Efficacy of modified
constraint induced movement therapy in improving upper limb
function in children with hemiplegic cerebral palsy: a rando-
mized controlled trial. Brain Dev. 2013;35:870-876.
Eugster-Buesch F, de Bruin ED, Boltshauser E, et al. Forced-use
therapy for children with cerebral palsy in the community setting:
a single-blinded randomized controlled pilot trial. J Pediatr Reha-
bil Med. 2012;5:65-74.

Hoare B, Imms C, Villanueva E, et al. Intensive therapy following
upper limb botulinum toxin A injection in young children with
unilateral cerebral palsy: a randomized trial. Dev Med Child
Neurol. 2013;55:238-247.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Deppe W, Thuemmler K, Fleischer J, et al. Modified constraint-
induced movement therapy versus intensive bimanual training
for children with hemiplegia—a randomized controlled trial.
Clin Rehabil. 2013;27:909-920.

Klingels K, Feys H, Molenaers G, et al. Randomized trial of
modified constraint-induced movement therapy with and with-
out an intensive therapy program in children with unilateral
cerebral palsy. Neurorehabil Neural Repair. 2013;27:799-807.
Facchin P, Rosa-Rizzotto M, Turconi A, et al. Multisite trial on
efficacy of constraint-induced movement therapy in children with
hemiplegia. Am J Phys Med Rehabil. 2009;88:216-230.

Martin JH, Chakrabarty S, Friel KM. Harnessing activity-
dependent plasticity to repair the damaged corticospinal tract in
an animal model of cerebral palsy. Dev Med Child Neurol.
2011;53:9-13.

Eyre JA, Smith M, Dabydeen L, et al. Is hemiplegic cerebral
palsy equivalent to amblyopia of the corticospinal system? 4Ann
Neurol. 2007;62:493-503.

Gordon AM, Charles J, Wolf SL. Efficacy of constraint-induced
movement therapy on involved upper-extremity use in children
with hemiplegic cerebral palsy is not age-dependent. Pediatrics.
2006;117:¢363-e373.

Sakzewski L, Ziviani J, Boyd R. Efficacy of upper limb therapies
for unilateral cerebral palsy: a meta-analysis. Pediatrics. 2014;
133:e175-e204.

Eliasson A, Krumlinde-Sundholm L, Gordon A, et al. Guidelines
for future research in constraint-induced movement therapy for
children with unilateral cerebral palsy: an expert consensus.
Dev Med Child Neurol. 2014;56:125-137.

Psychouli P, Burridge J, Kennedy C. Forced use as a home-based
intervention in children with congenital hemiplegic cerebral
palsy: choosing the appropriate constraint. Disabil Rehabil Assist
Technol. 2010;5:25-33.

Wallen M, Ziviani J, Herbert R, et al. Modified constraint-
induced therapy for children with hemiplegic cerebral palsy: a
feasibility study. Dev Neurorehabil. 2008;11:124-133.

Gilmore R, Ziviani J, Sakzewski L, et al. A balancing act: chil-
dren’s experience of modified constraint-induced movement
therapy. Dev Neurorehabil. 2010;13:88-94.

Novak I, MclIntyre S, Morgan C, et al. A systematic review of
interventions for children with cerebral palsy: state of the evi-
dence. Dev Med Child Neurol. 2013;55:885-910.

Hung YC, Charles J, Gordon AM. Bimanual coordination during
a goal-directed task in children with hemiplegic cerebral palsy.
Dev Med Child Neurol. 2004;46:746-753.

Utley A, Steenbergen B. Discrete bimanual co-ordination in chil-
dren and young adolescents with hemiparetic cerebral palsy:
recent findings, implications and future research directions.
Pediatr Rehabil. 2006;9:127-136.

Gordon A, Steenbergen B. Bimanual coordination in children
with cerebral palsy. In: Eliasson A, Burtner P, eds. Improving
Hand Function in Children With Cerebral Palsy: Theory, Evi-
dence and Intervention Clinics in Developmental Medicine.
London: MacKeith Press; 2008:160-175.

Hung YC, Charles J, Gordon AM. Influence of accuracy con-
straints on bimanual coordination during a goal-directed task



1090

Journal of Child Neurology 29(8)

69.

70.

71.

72.

73.

74.

75.

76.

77.

in children with hemiplegic cerebral palsy. Exp Brain Res. 2010;
201:421-428.

Steenbergen B, Craj C, Nilsen DM, Gordon AM. Motor imagery
training in hemiplegic cerebral palsy: a potentially useful thera-
peutic tool for rehabilitation. Dev Med Child Neurol. 2009;51:
690-696.

Taub E, Uswatte G, Mark VW, et al. Method for enhancing real-world
use of a more affected arm in chronic stroke transfer package of
constraint-induced movement therapy. Stroke. 2013;44:1383-1388.
Charles J, Gordon A. Development of hand-arm bimanual inten-
sive training (HABIT) for improving bimanual coordination in
children with hemiplegic cerebral palsy. Dev Med Child Neurol.
2006;48:931-936.

King G, King S, Rosenbaum P, et al. Family-centered caregiving
and well-being of parents of children with disabilities: linking
process with outcome. J Pediatr Psychol. 1999;24:41-53.

Hung YC, Casertano L, Hillman A, et al. The effect of intensive
bimanual training on coordination of the hands in children with
congenital hemiplegia. Res Dev Disabil. 2011;32:2724-2731.
Krumlinde-Sundholm L, Eliasson A. Development of the assist-
ing hand assessment: a Rasch-built measure intended for children
with unilateral upper limb impairments. Scan J Occup Ther. 2003;
10:16-26.

Cohen-Holzer M, Katz-Leurer M, Reinstein R, et al. The effect
of combining daily restraint with bimanual intensive therapy in
children with hemiparetic cerebral palsy: a self-control study.
Neurorehabilitation. 2011;29:29-36.

Sakzewski L, Provan K, Gilmore R, et al. Comparison of dosage
of constraint induced movement therapy versus bimanual training
for children with congenital hemiplegia: is half the dose enough?
Dev Med Child Neurol. 2010;52:38-39.

Sakzewski L, Ziviani J, Boyd RN. Best responders after intensive
upper-limb training for children with unilateral cerebral palsy.
Arch Phys Med Rehabil. 2011;92:578-584.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Aarts PB, Jongerius PH, Geerdink YA, et al. Modified constraint-
induced movement therapy combined with Bimanual Training
(mCIMT-BIT) in children with unilateral spastic cerebral palsy:
how are improvements in arm-hand use established? Res Dev
Disabil. 2010;32:271-279.

Cope S, Xue-Cheng L, Verber M, et al. Upper limb function
and brain reorganization after constraint-induced movement
therapy in children with hemiplegia. Dev Neurorehabil. 2010;
13:19-30.

Juenger H, Kuhnke N, Braun C, et al. Two types of exercise-
induced neuroplasticity in congenital hemiparesis: a transcranial
magnetic stimulation, functional MRI, and magnetoencephalo-
graphy study. Dev Med Child Neurol. 2013;55:941-951.

Staudt M, Gerloff C, Grodd W, et al. Reorganization in congenital
hemiparesis acquired at different gestational ages. Ann Neurol.
2004;56:854-863.

Boyd R, Badawy R, Abbott D, et al. Neuroscience outcomes in an
RCT of constraint induced movement therapy versus bimanual
training for children with congenital hemiplegia. Dev Med Child
Neurol. 2010;52:14-15.

McConnell K, Johnston L, Kerr C. Therapy management of the
upper limb in children with cerebral palsy: a cross-sectional sur-
vey. Dev Neurorehabil. 2012;15:343-350.

Palisano RJ, Begnoche DM, Chiarello LA, et al. Amount and
focus of physical therapy and occupational therapy for young
children with cerebral palsy. Phys Occup Ther Pediatr. 2012;
32:368-382.

Balas E, Boren S. Managing clinical knowledge for health care
improvement. In: Bemmel J, BMcCray A, eds. Yearbook of Med-
ical Informatics. Stuttgart, Germany: Schattauer Verlagsge-
sellschaft mbH; 2000:65-70.

Novak I, Cusick A, Lannin N. Occupational therapy home pro-
grams for cerebral palsy: double-blind, randomized, controlled
trial. Pediatrics. 2009;124:¢606-e614.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


