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Abstract: Early detection and rehabilitation interventions are essential to optimise motor function in
infants and young children with unilateral cerebral palsy. In this paper we report a clinical framework
aimed at enhancing upper limb therapy for infants and young children with unilateral cerebral palsy
during a sensitive period of brain development. We describe two major therapeutic approaches based
on motor learning principles and evidence: constraint-induced movement therapy and bimanual
therapy. These two therapies have demonstrated efficacy in older children and emerging evidence
is available for their application to infants younger than 2 years of age. To provide clinicians
with guidance as to when to implement these therapies, we discuss the key consideration when
undertaking upper limb therapy programs. In addition, we describe the factors to consider when
choosing which approach may be suitable for an individual child and family. Detailed strategies for
implementing these therapies in infants and young children of different ability levels are given.
Keywords: unilateral cerebral palsy; upper limb; early intervention; bimanual therapy;
constraint-induced movement therapy

1. Introduction

Children with unilateral cerebral palsy (unilateral CP) have an impairment that pri-
marily affects one side of their body. The early motor impairment can involve spasticity,
dystonia or a combination of both, and presents with varying degrees of abnormal pos-
turing of the arm/hand into shoulder internal rotation, elbow flexion, forearm pronation
and fisting of the fingers with the thumb adducted/flexed and across the palm [1]. These
postural changes cause difficulty using the more-affected upper limb to perform both
unimanual and bimanual actions. For infants with unilateral CP early asymmetrical hand
use and persistent fisting of the more-affected hand are often the first signs of concern [2].
Compensatory behaviours and limb disuse during early play experiences limit opportuni-
ties for children with unilateral CP to learn new skills and strategies and lead to aberrant
neuroplastic changes [1,3].

In recent years there have been considerable efforts to detect and diagnose infants with
CP as early as possible [4-6]. This is to ensure that therapy can commence immediately
to optimise the sensitive period of brain development [7] when infants are most rapidly
learning actions and behaviours [8]. The best available evidence supports therapy models
based on contemporary motor learning principles [9,10]. Two upper limb specific models
of therapy based on motor learning include constraint induced movement therapy (CIMT)
and bimanual therapy. Both have been shown to be effective for children older than 2 years
of age [11,12] and there is a growing body of research supporting these models for infants
with CP [13-23].

Evidence for CIMT and bimanual therapy has primarily been established using ran-
domised controlled trial (RCT) methodologies where children are randomly allocated
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to receive either therapy. In clinical settings, however, a decision to use these models
of therapy is more nuanced and requires consideration of a number of child and family
factors which can contribute to the success of the therapy program. Guided by extensive
clinical and research expertise in the field, the aim of this paper is to assist clinicians to
implement evidence-based upper limb therapy for infants with unilateral CP under two
years of age in clinical practice. We will briefly outline each therapy before discussing the
key considerations when undertaking upper limb therapy programs. We will also describe
the factors to consider when choosing which approach may be suitable for an individual
child and family as well as providing detailed strategies for implementing these therapies
in young infants of different ability levels.

2. Upper Limb Therapies for Infants with Unilateral CP

For children older than 2 years of age, there are many different approaches of CIMT
and bimanual therapy that have been described in the literature [11,24], with a broad
variation in the dosage, content, and mode of delivery [10]. Both CIMT and bimanual
therapy have been applied using an intensive or distributed practice approach. Intensive
approaches are implemented using high duration and frequency of sessions over a short
period, such as 6 h per day, 5 times per week for 2 weeks. Whereas distributed approaches
are implemented using lower duration and frequency of session over a longer period (for
example, 2 h per day, 5 times per week for 8 weeks) to optimise learning outcomes. It is
important to recognise that both intensive and distributed approaches to therapy have shown
to be effective for children with unilateral CP older than 2 years of age [9,11,12], and there
is an increasing number of clinical trials using these approaches for infants with CP under
two years of age [13-23].

2.1. Constraint Induced Movement Therapy

Constraint induced movement therapy (CIMT) provides an opportunity for repetitive
practice of unimanual movements and actions [25]. The two key components of CIMT
include restraint of the less-affected upper limb (irrespective of what constraint is used) and
intensive, structured practice (irrespective of how this is done) [26]. The intensive practice
aims to drive neuroplastic changes, mitigate secondary musculoskeletal impairments and
improve function [25]. The original intensive model of signature CIMT developed by
Edward Taub [27] was first modified by Eliasson et al. in 2005 for children aged 18 months
to 4 years (mCIMT) [28]. This was the first distributed approach of mCIMT. More recently,
Eliasson modified the mCIMT protocol for use with infants which is now known as Baby-
CIMT [13].

The aim of Baby-CIMT is to increase the amount and quality of hand use in the more-
affected arm and hand. It is informed by dynamic systems theory, which places emphasis
on self-initiated motor actions which is crucial for motor development. Baby-CIMT uses a
simple soft restraint such as a sock or bag clip at the end of a sweater to block use of the
less-affected hand to encourage use of the more-affected hand. It is implemented in two,
6-week blocks of therapy separated by a 6 week pause. The distributed practice approach
involved 30 min of practice 6 days per week for a total dosage of 36 h [13]. Similar models of
CIMT designed for young infants have also used a distributed practice approach, although
with some variation in the amount of time per day, the number of days per week and
the number of weeks it is implemented [16-18]. It has also been implemented using a
telerehabilitation model [15].

2.2. Bimanual Therapy

Hoare and Greaves (2017) define bimanual therapy as “a process of learning bimanual
hand skills through the repetitive use of carefully chosen goal related, two-handed activities
that provoke specific bimanual actions and behaviours” [25] (p. 52). While less well-
described in the literature for infants under 2 years of age, bimanual therapy is grounded in
concepts from cognitive, perceptual, and motor-based theoretical frameworks and aims to
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provide opportunities for children with unilateral CP to practice and learn bimanual skills
and strategies that are targeted to their individual ability level [16,19]. Bimanual therapy
for infants has primarily been implemented using distributed practice approaches that vary
in dosage [16-19]. An intensive approach of bimanual therapy developed by Charles and
Gordon in 2006 is Hand Arm Bimanual Intensive Therapy (HABIT) [29]. HABIT, guided
by shaping theory, focuses on structured massed practice that increases in complexity
using functional activities that necessitate bimanual hand use [29]. While HABIT has not
been evaluated in infants less than 2 years of age, an adapted protocol (HABIT-ILE) that
concomitantly includes a focus on the lower extremities and sustaining postural control as
well as bimanual hand use [30] has been used with young infants aged 6-18 months [20].
This was implemented in a camp setting where therapy was provided for 5 h per day,
5 days per week for 2 weeks (total 50 h).

2.3. Hybrid Therapy

In addition to providing either CIMT or bimanual therapy, upper limb therapy pro-
grams can include both therapies, either in the same session, or immediately after uni-
manual training [26]. Hybrid models of upper limb therapy were developed to improve
outcomes of CIMT, with the key ingredients of CIMT always included and bimanual
training added to different extents [26]. In infants with unilateral CP, the combination of
therapies has been used in an intensive approach providing CIMT (6 h a day for 28 days)
with less intensity of bimanual therapy (20 min a day) [21]. Distributed hybrid approaches
of roughly equal CIMT and bimanual therapy duration have also been described, with
some variation in the amount of time per day (30-60 min), the number of days per week
(5-7) and the number of weeks it was implemented (8-10) [18,23].

While there is growing research evidence supporting motor learning-based upper
limb therapy models in infants and young children with unilateral CP, information about
how to support implementation in clinical practice has not yet been described. As with
children older than 2 years of age, considerations for which therapy approach might be
most suitable for an individual child and their family would help clinicians select the most
appropriate therapy for a given situation [31]. The next section provides a summary of key
considerations when undertaking evidence-based upper limb therapy programs for infants
with CP less than 2 years of age.

3. Considerations for the Implementation of Evidence-Based Upper Limb Therapies for
Infants and Young Children

Therapy for children with CP, or at high risk of CP, should be provided as early as
possible, be based on motor learning theory and adhere to key principles for driving
activity-dependent plasticity to optimise brain development. These principles include
specificity, salience and adequate dosage of practice. Knowledge about the development of
hand skills, perception and cognition as well as the importance of play for infants is also
critical to help support families in understanding when skills develop and to guide the
collaborative goal setting process. This section of the paper provides a summary of these
key considerations.

3.1. What Is Motor Learning Theory?

Motor learning theory recognises the complex and interactive processes of acquiring
and generalising skills through practice and experience [32]. Contemporary motor learning
theory is informed by several theories [33-36] that guide our understanding about how
humans acquire, generalise, and transfer new skills. Operationalising multiple theories into
a discrete therapy approach is complex, but it is critical [10]. Clearly defining the discrete
strategies used in a therapy approach is essential for guidance about how to implement
the specific approach in clinical practice. These strategies are the instructions for what to
do, and when to do it. Reporting specific strategies, based on guiding theories, also allows
researchers to articulate the differences between various therapy approaches [10].
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In the 1950s, the Bobaths provided explicit detail about a therapy approach [37] that
was based on theories of motor recovery developed in the late 1800s and early 1900s [38].
The approach was very clearly defined and significant infrastructure was developed to sup-
port the teaching and training of this specific approach. As a result, the Bobath approach,
also known as Neurodevelopmental Therapy (NDT) went on to become the dominant
approach used worldwide for the treatment of children with CP [39]. This was despite
antithetical views at the time that promoted interventions such as strength training [40].
Despite its dominance in clinical practice, a recent systematic review called for the de-
implementation of NDT in clinical practice due to evidence demonstrating no difference in
effect between NDT and control, or between different doses of NDT. A strong recommen-
dation was made for the use of motor learning-based models of therapy [39].

In contemporary motor learning-based therapy approaches, the environment is used to
motivate and provoke a child to use spontaneous and purposeful actions. These interactions
provide experiences that guide future actions and increase proficiency. They lead to a cas-
cade of development across all domains including motor, sensory, cognitive, perceptual, etc.
The aim of a motor learning-based therapy approach is not to normalise movements [41],
but to consider the interaction between the child, the task and environment, and to support
infants and children in learning how to achieve success and independence in whatever
ways they can. The task outcome is most important, rather than how it is done, because the
more they do, the more they learn.

Most contemporary activity-based therapy approaches are primarily based on dynamic
systems theory [35,36]. Pioneers such as Anne Gentile (1992) and Kaplan and Bedell (1999)
were early proponents, and introduced a model of skill acquisition for children with
movement disorders [42,43]. This saw the development and introduction of approaches
such as CIMT and bimanual therapy into the field of upper limb CP research in the early
2000s, resulting in a shift away from facilitative therapy approaches [37]. However, this
shift in research has not necessarily been accompanied by equivalent resources required to
support therapists in the implementation of motor learning therapy approaches in clinical
practice [10]. Inadequate reporting across 103 evidence-based and task-focused upper
limb therapy approaches has been unhelpful and has had a significant impact on the
implementation of contemporary models of therapy [10,44]. Motor learning theory does
not just represent a change in technique but a change in basic thinking [42] when compared
with theories used to inform models of therapy such as the Bobath approach [37]. As a
result, the strategies applied are not at all reconcilable. For example, no CIMT or bimanual
therapy approach aims to inhibit tone or primitive reflexes, use weightbearing activities,
or facilitate movement from the start to finish of the movement/action. In motor learning
approaches, a therapist’s hands can be used, but only to show the child how to obtain a
reference for the movement/action. A therapist then provides support and motivation for
the child to spontaneously and repetitively initiate the movement/action. Changes to the
environment and the task are used to increase or decrease the challenge and to provoke the
goal-related movements/actions. Considerations about the type of task, type of practice,
and type of feedback are essential in the application of motor learning approaches [10].

3.2. Goal Setting to Ensure Specificity of Practice

Implementation of evidence-based upper limb therapy does not simply include play-
ing with a child or providing toys in the hope that they will learn something from this
experience. In fact, many children with unilateral CP will often avoid challenging activities
and use persistent behaviours such as throwing [45] or mouthing of toys. These behaviours
can often dominate early play behaviours and significantly limit motor, cognitive and
perceptual experiences that promote learning and skill development.

Upper limb therapy for infants and young children must be based on specific and
explicit action-focused goals. Along with consideration of family factors, these goals guide
the clinical reasoning process for the selection of the most appropriate model of therapy.
As with all health-related conditions, it is not appropriate to first select a treatment and
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then consider the goal(s). In children with unilateral CP, to use the hand more or to use the
hand better are not specific or explicit. How does a caregiver support a child to achieve
these goals? When will a child use their more-affected hand enough and what is better?
Explicit action-focused goals are critical for ensuring that the practice is individualised
(specific) and outcomes are measurable. In addition, when goals are explicit, e.g., to grasp
objects using the assisting hand from the dominant hand, this enables toys to be selected
that are matched to these goal-related actions. In a fun and motivating environment, it is a
combination of the toys and the strategies used by a therapist during play that optimises
skill development. This is consistent with Gentile’s advice that a therapist has two primary
functions in promoting early skill acquisition: (1) to create a specific environmental problem
(using a toy that provokes a difficult goal related action) and (2) to establish an adequate
motivational level of the child to solve the problem [42].

3.3. Promoting a Salient and Moderately Challenging Experience

Learning requires motivation and attention [46,47]. Therefore, consideration of moti-
vational factors that will drive an infant or young child to want to play with a toy need to
be carefully considered in upper limb therapy approaches. To motivate an infant or young
child and to ensure attention to their environment, the practice experience needs to be
sufficiently salient, such as a set of reasons which draw an observer’s attention toward a par-
ticular object [48]. There is a neural system that mediates saliency, and engaging this system
is critical for driving experience-dependent plasticity [48]. Research in the adult literature
demonstrates that long-term plasticity is dependent on goal-directed, task-specific, and
challenging practice, not mere repetition of simple movements [49]. Upper limb therapy
approaches should therefore be embedded in goal-related play that provides opportunities
for enjoyable experimentation and repeated practice adopting different strategies to find
the optimal solutions and to develop skilled performance [50].

Therapy sessions should not only be fun, enjoyable and have meaning, they should
also provide a challenge. Practice should involve repeated attempts to produce motor
behaviours that are beyond the present capability [51]. It is not simply repeating movements
and actions that are already part of a child’s motor repertoire. In animal models, repetition
of previously acquired motor movements has been found to not result in significant synapse
addition or map expansion in the motor cortex [52]. When a child is provided with a
task that is challenging (i.e., possible at the child’s upper limit of capabilities or zone of
proximal development) and motivating, it is more likely that motor skill acquisition will be
improved [43,53]. Learning takes place when the ability of the child and the difficulty of
the task are well-matched.

3.4. Importance of Dosage of Practice

Physical practice is an important determinant factor of motor skill acquisition [33,34].
Motor learning-based therapy approaches recognise that repetition of practice is a fun-
damental strategy for achieving skill acquisition, transference and generalisation. It is
repetition of practice that allows an infant or young child to progress from the cognitive
and associative phases of learning to an autonomous phase [54]. However, the amount
of practice or dosage of practice is only one strategy that operationalises motor learning
theory. Motor learning-based therapy approaches also contain other strategies of equal
importance. As stated in Taghizadeh et al. (2022), the dosage requirements that inform
a specific approach is guided by the theories that underpin the approach [10]. We have
previously outlined the fundamental differences between CIMT and bimanual therapy
approaches for children with unilateral CP [25]. How a therapist manipulates the envi-
ronment and varies the type of task, and the type of feedback will also greatly influence a
child’s learning and generalisation of skills.
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3.5. Home Programs and Supporting Families

Home programs are “therapeutic activities that the child performs with parental assis-
tance in the home environment with the goal of achieving desired health outcomes” [55]
(p- 463). There is high-level evidence supporting home programs for children with
CP [56,57]. They are an integral part of every distributed motor learning-based upper
limb therapy approach as they provide a pragmatic solution to achieving the required dose
of practice for skill acquisition and transference [57]. Home programs are only effective
if the program content is designed upon proven effective interventions [57]. As a result,
the structure and focus of home programs have dramatically changed over the last few
decades. Guided by knowledge from motor learning theory and the principles for activity
dependent plasticity, there has been a move away from encouraging families to do “work”,
“exercises”, or passive stretches with their child [58].

Effective home programs require that they be set up in partnership with the parent
considering the family’s preferences and individual situation [57]. Parents should be
acknlowledged as the expert in knowing their child and their home situation. The therapist
and caregiver should collaborate to set realistic and appropriately time-framed goals for
their child. The home program should be established by choosing the best evidence-based
intervention to match the desired goals and family situation and caregivers should be
provided with education about the key ingredients of the therapy approach. Coaching
should be provided about how to enrich their child’s environment to provoke as many
opportunities as possible to practice the desired goals during daily routines, as well as
empowering parents to devise or exchange the activities to match their child’s preferences
and their own individual environment. Guidance should also be provided about how to
position their child; how to provoke goal-related, self-generated movements in the context
of play; how to use motor learning strategies and the environment to grade complexity of
the task to optimise skill acquisition; and how to match toys to provoke goal related actions.
To evaluate the outcomes of the home program, regular support and coaching should be
provided to identify a child’s improvement, collaboratively adjust the home program and
evaluate outcomes together [45,57,59].

From a broader perspective, support should be provided to caregivers to instil feel-
ings of hope, self-confidence, and motivation about implementing home programs [60].
Parents’ capacities to optimally support infants and children to attempt and persevere with
potentially challenging tasks should be considered a core aspect of evidence-based therapy
programs [60]. Sustained, goal-directed persistence on moderately challenging tasks is
considered a key indicator of mastery motivation [61].

3.6. Development of Hand Skills

The focus of contemporary upper limb therapy for infants and young children with
unilateral CP is not to achieve “typical” or “normal” patterns of movement. These ap-
proaches aim to support children in learning how and when they can use specific upper
limb actions and skills to independently and successfully perform activities to meaningfully
interact with their environment. In early life, the context for these learning experiences is
in play—the primary occupation for infants and young children.

However, while we do not expect infants and young children with unilateral CP
to use their arms/hands like typically developing children, due to the rapid nature of
development in the first two years of life, knowledge about what to expect children to be
able to do when they use their hands to interact with toys and objects in their environment is
critical. It is essential to know what is possible and what is not possible [62]. For example, at
what age can you expect infants to be able to spontaneously reach for objects [63] or be able
to use different types of grasps for different objects [64]? Or, when can infants use each hand
independently from the other so that one hand can be used as a stabilising /holding hand
while the other manipulates in role differentiated bimanual manipulations [65]? Attempting
to provoke these skills when an infant with unilateral CP is not developmentally ready for
these actions is not appropriate [66].
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It is only recently that the literature has described how children with unilateral CP
develop hand use in the first 12 months of life. The development of the Hand Assessment for
Infants (HAI), which is designed for children with neurological concerns, has enabled study
of the progression of hand function at an early age. By compiling 489 HAI assessments of
typically developing infants between 3 and 10 months of age, Ek et al. (2019) were able to
create growth curves that document the development of both unimanual and bimanual
actions for typically developing infants [67]. This is an important resource that allows for
the interpretation of whether an infant’s HAI results differ from what can be expected.
Additionally, for infants less than 12 months of age with unilateral CP, a recent study using
the HAI found three distinct trajectories for the development of hand function: a high
functioning group who demonstrated a more rapid and continuous acquisition of skills,
a moderate functioning group who had slower but steady gains, and a low functioning
group who showed a much slower improvement which plateaued at around 9 to 10 months
of age [68]. The study authors determined that an important skill for classification to
the moderate or high functioning groups was the ability to grasp by 6 months of age.
Knowledge gained from this study and the development of the HAI has been critical. It
provides an understanding that while infants with a diagnosis of unilateral CP may have
the same clinical diagnosis, not all develop unimanual or bimanual actions at the same
rate or use the same actions to perform bimanual activities. This supports the need for
the tailoring of individualised therapy programs that ensures specificity of practice at the
infant/child’s ability level.

Another important consideration for the development of hand skills in infants includes
the postural requirements that allow for best use of the hands and learning opportunities.
Research has shown that when sitting, as compared to supine and prone, infants aged
5-7 months produce more manual, oral and visual exploration of toys which provides them
with increased learning opportunities [69]. For infants with unilateral CP, independent
sitting usually develops between 8 and 9 months of age as compared to typically developing
infants who usually achieve sitting independence between 6 and 8 months of age [70].
Harbourne et al. (2014) found that increased sitting effort decreases an infant’s ability to
visually attend to and detect, extract and process information from their environment [71],
as well as interfering with focused attention. Focused attention refers the processes that
allow infants to focus on aspects of an object or their environment to enable learning and
problem solving [72]. It involves concentrated examination of objects during independent
play or object exploration and plays an important role in learning by enhancing selectivity
and by maximising the intake and use of information [73]. Developing upper limb skills
when exploring and manipulating objects, particularly during the latter half of the first
year, facilitates the development of focused attention [74]. As impaired sitting postural
control impacts focused attention and provides less opportunity for learning and attending
to objects [75], providing adequate support to allow infants with unilateral CP to maintain
an upright posture with reduced effort is important for maximising hand use as well as
facilitating learning.

3.7. Perceptual and Cognitive Skill Development

To improve hand skills in infants and young children with unilateral CP, clinicians
require an understanding about how cognition and perception influence hand use and
opportunities for learning about their environment. There are a number of theoretical
frameworks that emphasise the interrelatedness between cognition, perception, and action
in infancy. Embodied cognition states that cognition emerges from bodily interactions
within and towards the environment, and that it is inseparable from an infant’s perceptions
of the environment and their actions towards it [76,77]. The concept of perception and
action being interwoven is also consistent with dynamic systems theory which proposes
that behavioural performance emerges from complex interactions between an infant’s
abilities, their experiences, and the features of the task and the environment [78,79]. Gib-
son’s ecological approach views cognition as being inseparable from perception, with
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perceiving and acting upon those perceptions occurring simultaneously and in continuous
cycles [80,81]. Perception is seen as an active process of gaining information about an object
or the environment and using this knowledge to perform actions. Depending on the result
they may then adapt their actions as they learn about the object they are exploring and
the consequences of their actions [82]. Gibson’s theoretical framework also emphasises
the importance of affordances to the perception-action cycle. Affordances are the action
possibilities that are available to infants when they actively explore an object or their en-
vironment [81,83]. The objects that infants explore are seen as being rich in perceptual
information that when perceived specifies the type of actions that are used upon it. This
requires the infant to be able to attend to, detect, and use the information afforded by the
object, but is also influenced by the position of the child, the object itself and the infant’s
action capabilities [84,85]. In combination, these theoretical frameworks illustrate that
perception-action experiences play an important role in shaping the emergence of upper
limb skills and how infants use their hands to play with toys and other objects. It is also
the way that infant’s make inferences about the functions and meanings of objects and
build knowledge relevant to the task, the object, and the actions required to act upon it.
Providing an enriched environment that included parental responsivity and a structured
environment with multiple opportunities to explore toys that are specific and appropriately
challenging is crucial for the development of perceptual and cognitive skills, and in turn
how well an infant can use their hands [59].

3.8. Play and Object Affordances

Play is an essential form of exploration for an infant and a major way infants gain
knowledge and understanding of the world around them [74,83]. Research suggests that
through exploratory play with objects, infant’s visual exploration becomes more efficient,
their manual exploration becomes more complex and the link between their visual and
motor systems becomes more integrated; all of which lead to increasingly sophisticated
cognitive skills and opportunities for learning [86]. However, for children with unilateral
CP, early play experiences are significantly altered by delays in postural control, motor
difficulties and opportunities for learning about their environment, which in turn impacts
the development of play skills. While infants with unilateral CP may experience difficulties
playing, as therapists we use play to create the environmental task or challenge that the
infant needs to solve by carefully considering the toy properties (or affordances) and the
task required to complete the play action. As discussed in the previous section, affordances
are the opportunities that an object offers during object exploration. Embedded in the
perception-action cycle, an infant perceives the action possibilities of the toy and acts on this
possibility, which in turn provides a learning opportunity about the toy and an opportunity
for a new perception and new action in future experiences. In upper limb therapy programs
careful consideration of toy affordances is fundamental for achieving successful outcomes.
It ensures specificity of practice and allows individualisation of therapy programs by
matching toys to a child’s specific action-focused goals. Toy affordances include aspects
such as the toy’s size, shape or moveable parts. It also includes consideration of presentation
of toys to provoke a desired motor response. For example, standing a toy vertically will
provoke a different motor response to laying it horizontally on the table [25].

It is important to recognise that the toys themselves will not necessarily provoke
repeated practice of goal-related actions. A therapist must also have knowledge about the
specific strategies that can be used to motivate an infant/child and understand how to
adapt the environment by presenting the toy to provoke the response. These strategies
are the observable therapeutic actions that can improve or interfere with learning and
generalisation of skills and include the selection and manipulation of tasks, practice and
feedback conditions [87]. In addition, other aspects of the toy need to be considered such
as whether it is age appropriate, motivating, and fun. These are essential for promoting
extended engagement with the toy and repetition of desired manual actions.
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4. Implementing CIMT or Bimanual Therapy for Infants Under 2 Years of Age: When
and Why

Study protocols for RCTs are a useful source of information about the effectiveness of
CIMT or bimanual therapy for infants and young children with unilateral CP; however,
they do not allow for important considerations that are required for implementing these
approaches in clinical practice. This includes the clinical rationale and considerations
for when you should use these different therapy models and why. This next section
is divided into three parts with the aim of exploring the critical factors that inform the
implementation of evidence-based upper limb therapy in clinical practice. It will discuss
how an understanding of caregiver’s goals for their child and the family’s unique context,
combined with the use of observational-based standardised assessment tools, can be used
for setting explicit action-focused goals to ensure specificity of practice and selection of the
most appropriate therapy model to achieve these goals.

4.1. Collaborative Goal Setting with the Family

Collaborative goal setting with a family is used to identify a child’s strengths, as well
as their difficulties, and to establish parental concerns regarding their child’s upper limb
performance. It recognises that parents know their child best and can help inform goals
that are relevant to their own environment and situations. Collaborative goal setting can
also help to decide the type of therapy program that may best be implemented as it also
considers the family context and matches the right therapy model to the family and the
child. Collaborative goal setting helps to ensure that therapy does not only happen in clinic
rooms or when the therapist is present, but that it extends to all settings. This is especially
important for distributed models of therapy where home programs are an essential feature
of these programs [12,57].

4.2. Formulating Action-Focused Goals

Following the collaborative goal setting process the next step is to develop specific
action-focused goals that address the parental concerns. To assist this process, natural-
istic observations of the child handling toys and other objects can be helpful. However,
structured and measurable observation of how a child is using their upper limb(s) using a
valid and reliable assessment tool provides significantly greater descriptive information
to assist with clinical reasoning and determining specific goals. It also allows for reli-
able evaluation of change following intervention. The two most commonly used upper
limb assessments for infants with unilateral CP are the HAI and the Mini Assisting Hand
Assessment (Mini-AHA).

The HAI is a recently developed criterion and norm referenced assessment tool that
describes and evaluates upper limb use in infants aged 3-12 months at risk of CP [88]. It
uses a semi-standardised, age-appropriate kit of toys to measure active, object-related use
of the hands. The HAI comprises 17 items which are each scored on a 3-point rating system.
Twelve items are used to measure both the left hand and the right hand, with each hand
being scored separately. This allows for the quantification of any differences between the
hands through an asymmetry index. A further five items measure how well the infant
uses both hands together. Scores from each of the hands as well as the bimanual items are
summed together to provide a Both Hands sum score (range 0-88), which is converted to
an interval level (0-100) scale called the Both Hands Measure. The HAI has good evidence
for validity and reliability [88,89] and also has evidence as a useful tool to help predict
whether an infant has unilateral CP or not based on upper limb asymmetry [90].

The Mini-AHA is a valid and reliable, criterion referenced assessment that mea-
sures how effectively infants aged 8-18 months with unilateral CP use their more-affected
hand during bimanual task performance [91]. It is based on the Assisting Hand Assess-
ment (AHA), which is considered the gold standard assessment for evaluating bimanual
performance for children with unilateral CP [92]. Like the HAI, the Mini-AHA uses a
semi-standardised set of age-appropriate toys; but in this instance all the toys are designed
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to provoke bimanual hand use [66]. Twenty items that evaluate how well the more-affected
hand is used during bimanual performance are scored on a 4-point rating scale. Scores
for the 20 items are added to provide a sum score (0-88), which is then converted to a
0-100 interval level scale (Mini-AHA units) [91].

While these two assessments are both valid and reliable tools for evaluating upper limb
function in infants and young children with unilateral CP; when to use either assessment is
more nuanced. Firstly, while there are overlapping age periods for when they can be used,
the HAI is designed for younger infants (3—12 months), while the Mini-AHA is validated
for older children (8-18 months). As well as being a descriptive and evaluative tool, the
HAI can also assist with early detection and diagnosis of unilateral CP in infants as young
as 4 months [90]. It does this by evaluating the use of both upper limbs in unilateral and
bilateral items, calculating a percentage difference between the two limbs and quantifying
the presence of upper limb asymmetry. The Mini-AHA is best used with infants who
have already received a diagnosis of unilateral CP. It evaluates use of the more-affected
arm/hand during bimanual task performance. The Mini-AHA has more items to evaluate
performance of the more-affected hand (20 compared to 17), and uses a 4-point rating scale
as compared to a 3-point rating scale on the HAI, which allows for better discrimination
of the different ability levels. It is important to recognise that scores from the HAI and
Mini-AHA cannot be compared, so the one assessment should be used both at pre-post
measurement time points.

One of the major clinical benefits of both the HAI and the Mini-AHA is that they
have been developed using Rasch methodology [88,91]. This method uses an iterative
process that places both the infant and the items being assessed on the same measurement
scale. As well as an infant’s ability to use their more-affected hand during unimanual and
bimanual performance being scaled from poor ability to good ability, the items are also
ordered this way from items that are easier to perform to items that are harder to perform.
This resultant hierarchy provides extremely useful and individualised information for
determining action-focused goals and ensuring program specificity.

4.3. Using Action-Focused Goals to Determine the Most Appropriate Therapy Approach

In early infancy babies with unilateral CP will have different levels of ability to use
their more-affected hand [68]. This is primarily influenced by the timing and type of brain
injury [93]. Therefore, it is critical that goal-related, action-focused upper limb therapy
programs are designed around a child’s current ability level. Combined with understanding
the child and family’s contextual considerations, recognition of a child’s current ability
levels allows for selection of the most appropriate model of therapy to target different
action-focused goals. In addition, it allows therapists to consider and use different motor
learning strategies to optimise skill development and generalisation. In this next section
we propose a clinical framework to guide clinicians’ clinical reasoning for the selection of
CIMT or bimanual therapy for improving unimanual capacity and bimanual performance
in infants with unilateral CP. The specific action-focused goals targeted in each model
of therapy will be discussed as well as specific motor learning strategies that may be
considered.

5. Improving Unimanual Capacity Using Constraint Induced Movement Therapy

The best approach to determine the most appropriate model of therapy for an infant
with unilateral CP is to start with the end-goal in mind. As previously stated, CIMT
provides an opportunity for repetitive practice of unimanual movements and actions [25].
It primarily targets specific unimanual action-focused goals as it is not possible for infants
and children to practice bimanual actions when one hand/arm is restrained. If outcomes
from the HAI or Mini-AHA identify unimanual goals, e.g., initiates use of the more affected
hand/arm, it makes sense that CIMT may be the most appropriate model of therapy to
attain these goals (see Figure 1).
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Figure 1. Unimanual action-focused goals targeted using constraint-induced movement therapy.

5.1. CIMT for Infants with Low Ability

Infants with low ability predominantly do not use their more-affected hand/arm at all.
It is mostly ignored and held close by their side with their hand fisted. As a result, these
infants quickly compensate by only using their less-affected hand to play with toys. They
also seem unaware or have an aversion to objects placed in their hand, showing a sensory
and behavioural component to their disregard. For these infants’ spontaneous initiation of
use for an object-related action is a critical first action-focused goal. This aims to increase the
infant’s awareness of the more-affected arm/hand to touch, feel or investigate a toy during
exploratory play. The spontaneous initiation of use of the more-affected arm /hand should
be motivated by the appeal of a toy or the environment, not physical or verbal prompts.
The toy affordances should be so motivating that an infant cannot resist trying to touch
or feel it. During the early stages of learning it is critical to provide the infant with time
to respond to the toy. If they do not respond, providing an auditory cue such as tapping
the table with the toy to gain their interest could be used. If they still do not respond it is
appropriate to use physical guidance or a prompt, but this should be withdrawn as soon as
possible.

Once infants spontaneously initiate use of their more-affected hand/arm toward a
toy to touch it, they may then be encouraged to match an appropriate simple action with
a desired outcome. For example, knocking over a tower of bricks which promotes under-
standing of cause and effect. Learning to push down with their more-affected hand /arm is
also an important unimanual action-focused goal for children with lower ability. For exam-
ple, pushing down a button of a musical toy to activate it. Learning this action is helpful
for later learning how to do a bimanual action-focused goal—stabilises by weight / support.

Another easy action-focused goal is when the therapist places a toy in the more-affected
hand to encourage the infant to keep hold of the toy. While this does not require active
grasping with the more-affected hand, it requires the infant to maintain hold and facilitates
opportunities to perform easy play actions such as waving a bell rattle in the air to make a
sound. This allows infants to learn the purpose for holding with their more-affected hand.
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5.2. CIMT for Infants with Moderate Ability

For infants with moderate ability who spontaneously initiate use of their more-affected
hand to reach for and touch toys, a unimanual action-focused goal may concentrate on the
infants” ability to grasp objects. Initially, this may be to grasp from an easy/adapted position.
This is typically from the therapists” hand, which allows for the toy to be more stable and
appropriately oriented to ensure the task is not too hard or too easy and to help ensure
success. If a toy is presented on a surface such as a table or tray, the orientation or lack
of stability may make it difficult for the child to grasp effectively, resulting in failure and
disinterest. Careful consideration of the affordances of the toy is also essential. For example,
when encouraging the infant to grasp from an easy/adapted position, easy to grasp toys
should be used. These have features that maximise opportunities for successful grasp
such as a thin handle of a rattle or a small maraca. Child initiated grasping also provides
opportunities for infants to maintain hold of objects in their more affected hand. This allows
for self-initiated play actions with the toy such as shaking it, banging it on a table or other
surfaces or taking it to the mouth for oral exploration.

5.3. CIMT for Infants with High Ability

Once an infant has a more advanced grasping ability with their more-affected hand,
unimanual action-focused goals might consider encouraging more difficult actions. These
include grasping from a surface (such as a tray or table), improving arm and hand adjustments
when grasping, as well as releasing objects. Grasping, holding, and then releasing objects
allows for learning about relationships between and within toys. For example, that a brick
can be placed in a cup, or a toy coin can be posted into a slot.

Practice should include the opportunity for multiple repetitions of the desired actions
which is critical for skill acquisition. Repetition can also be induced by using block practice,
whereby you use different toys, but are encouraging the same order of movements/actions.
For example, reaching for, grasping, and releasing toys of different shapes and sizes.
Modelling and demonstration of the desired goal-related action is also a critical strategy as
young children acquire skills by observing and trying to emulate people around them [94].

5.4. Considerations for Use of CIMT for Children with Unilateral CP

While CIMT may improve the capacity of an infant’s more-affected upper limb, there
are some important considerations when choosing this approach and when to transition
away from CIMT. Firstly, the aim of increasing the capacity of the more-affected hand/arm
using CIMT is not for this hand to be used for unimanual tasks that are performed when
both hands are available (e.g., eating with a spoon or drawing with a crayon). These tasks
are typically performed by, and should be performed by, the infant’s less-affected hand
as this is quicker, easier and more functional. The aim of building capacity of the more-
affected hand/arm is to optimise its ability to be used more successfully as a non-dominant
or assisting hand during bimanual task performance. This recognises the seminal work
of Lena Krumlinde-Sundholm et al. (2003) when developing the AHA to understand
role differentiated behaviour during bimanual task performance, whereby the two hands
do not perform the same role [95]. The dominant hand is typically used to do the more
manipulative aspects of the task, while the non-dominant hand plays a supporting or
assistive role. Even when encouraging unimanual actions during a CIMT program, this
should be front of mind.

The second consideration is that improved unimanual capacity does not necessarily
lead to improvements in bimanual performance [12]. This is because bimanual actions
are more complicated. They involve spatial and temporal coordination of both hands,
which requires collaboration of the two hemispheres through the corpus callosum [96].
Skilled bimanual performance also involves perceptual and cognitive processes whereby
information from the both the object and the task guides a bimanual response (action),
which in turn allows for more precise perception and future actions with both hands [25,66].
This link between cognition/perception and bimanual performance may also explain
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why some infants with unilateral CP make significant gains in their unimanual capacity
following CIMT, but these gains do not translate to improved bimanual skills when both
hands are available. As we have previously proposed, learning bimanual skills is best
achieved through practice of bimanual tasks as you learn what you practice [25].

6. Improving Bimanual Performance Using Bimanual Therapy

As previously stated, we propose that CIMT and bimanual therapy should be viewed
as complementary. From this perspective, if CIMT is best used to achieve unimanual
action-focused goals, it makes sense that bimanual therapy should be used for infants and
young children when learning bimanual action-focused goals [25].

Optimising bimanual performance can be achieved with infants at all levels of ability
by supporting the practice of specific action-focused goals that are targeted to an infant’s
ability level (see Figure 2). A critical action-focused goal for infants of all ability levels is
initiates use for a bimanual action. To encourage an infant to use two hands, the task must
require the use of two hands. It is the toy affordances that provokes a child to use two
hands, not a physical or verbal prompt. The infant must perceive that two hands are needed
to be used to complete the task successfully. The age of an infant and cognitive function
will likely impact these perceptual experiences.
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Figure 2. Bimanual action-focused goals targeted using bimanual therapy.

6.1. Bimanual Therapy for Infants with Low Ability

Infants with lower-level ability may not initiate use of their more-affected hand at all
when presented with a bimanual toy. For these infants, the therapist may initially need
to place toys in the more-affected hand so that toy is held and the bimanual task can be
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completed. While this means that the infant requires the presence of a therapist/caregiver
to grasp and hold the object, the experience facilitates learning of important bimanual play
actions such as handling two objects at a time, pulling objects apart or exploring toys
during bimanual manipulations. Consistent with CIMT, it is important that the infant
should always first be provided with an opportunity to spontaneously initiate use of their
more-affected hand/arm. Then, if the infant does not respond to the presentation of the
toy you may need to encourage them to initiate by first tapping the toy against their more-
affected hand, with or without verbal prompting. These prompts should be withdrawn as
soon as possible.

6.2. Bimanual Therapy for Infants with Moderate Ability

Once an infant starts to spontaneously initiate use of their more-affected hand, two
action-focused goals are important to facilitate bimanual play experiences. The first goal
is important when an infant does not use their more-affected hand to grasp toys, but
rather uses their fisted hand or their forearm on top of or against an object on a surface
or against their body to stabilise it (stabilisation by weight /support). These infants may
have minimal active finger movements, but this does not preclude them from learning to
independently pull objects apart or push them together. In most play situations, stabilisation
by weight / support requires the more-affected hand to push down on the object to hold it
stably while the less-affected hand completes the bimanual play task, e.g., retrieving a
small toy from a container. Stabilisation by weight /support can be a very effective strategy for
stabilising large objects which are difficult to grasp and hold. Careful consideration of the
toy affordances and how the play situation is set-up is crucial. To provide an opportunity
for an infant to learn when and how to stabilise by weight /support using a surface, they
must first be positioned in sitting with a table or tray. The most suitable toys that provoke
stabilisation by weight /support are those that have parts that need to be pulled apart and
have a surface that the infant can place their fist on. However, if the toy is flat or heavy
and stable, an infant with unilateral CP will almost always use one hand to play with
the toy. The amount of resistance is important as well, as there needs to be just enough
resistance so that the activity is not successful unless the child uses their more-affected
hand/arm for stabilisation. Because of the cognitive and perceptual requirements for this
action, stabilisation by weight /support can be a challenging strategy for an infant to learn
before 12 months of age.

The second important action-focused goal when an infant spontaneously initiates use
of their more-affected hand is when the infant can grasp with their more-affected hand.
In this instance, how much support they need to initiate use and grasp toys with their
more-affected hand needs to be considered. During the early stages of practice, we may
need to reduce the challenge for the infant to ensure opportunities for success. One way is
to use toys that are the right size; for instance, small and thin toys that are easy to grasp.
We can also reduce the challenge by holding the toy and offering it in an easy/adapted
position rather than placing it on a table. The aim is to allow an infant to learn the most
efficient and effective strategy for grasping so that they can use these skills independently
in any environment as part of their own repertoire. However, for the infant to learn the
reasons for grasping and holding with their more-affected hand, we need to create the right
environment by using toys that require the actions of two hands for the play to be successful.
Additionally, we need to consider which part of the toy we offer to the more-affected hand
to ensure success of the bimanual task.

6.3. Bimanual Therapy for Infants with High Ability

Once the infant is successfully grasping toys, a crucial skill for infants with higher
ability to learn is to learn how to get a toy into their more-affected hand on their own
initiative by grasping from their less-affected hand. This action-focused goal can only be taught
using bimanual therapy. For many infants with unilateral CP, we know from the item
difficulty hierarchy of the HAI and Mini-AHA that this can be the most efficient way to
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receive toys in the more-affected hand. Importantly, when infants learn this action, more
spontaneous use of their more-affected hand is often seen. To learn this action an infant
needs first to pick up the desired bimanual toy with their less-affected hand and then
transfer the toy into their more-affected hand to hold. Strategies such as keeping the toy still
in the midline until the more-affected hand also grasps the toy or using physical prompts to
guide the more-affected hand towards the toy can be helpful in the early stages of learning.
This can be combined with verbal prompts such as “holding” to reinforce the desired action.
However, these physical and verbal prompts need to be withdrawn as soon as possible so
that the infant initiates the desired action on their own volition. For infants to establish this
important goal, it is the repetitive practice of the grasping action in a fun and motivating
environment that helps infants learn the desired behaviour.

When an infant can spontaneously and effectively grasp from their less affected hand it is
important to continue to increase the challenge to evaluate if a more advanced grasping
ability can be possible, for example, grasping from a surface. To achieve this action-focused
goal, first start with easy to grasp toys that are stable and positioned in a way that makes it
easier to grasp. However, it is important to increase the challenge as the infants’ abilities
improve. This can be achieved by adjusting the toy size, shape, stability or adjusting the
environment, e.g., moving the toy further away. It is these strategies that ensures the
right challenge and improves the quality of the grasping pattern and motor control. In
addition, it is important to think of an appropriate context for motivating grasp from a
surface with the more-affected hand. One appropriate situation is when the less-affected
hand is occupied, and the infant needs to use their more-affected hand to retrieve a second
toy. Another situation may be when a toy is purposefully placed well on the more-affected
hand side, making the toy closer to the more-affected hand to grasp. It is important to
acknowledge that when an infant has two free hands and the toy is in, or close to midline,
they will almost always reach to grasp with their less-affected hand. This is the most
efficient and effective strategy to achieve success and not a concern.

As an infant becomes increasingly proficient in grasping from their less-affected hand or
grasping from a surface, action-focused goals that concentrate on how well they are grasping
can be addressed. These include their ability to stabilise objects well in their more-affected
hand, to adjust their reaching and grasping according to the conditions of the task, to
readjust their grasp when necessary as well as the ability to vary their grasp according to the
toy properties. The ability to use these more complex bimanual actions means that more
complex play actions can also be used. For example, transferring a toy from hand to hand
in a sequence allows toys to be turned around and explored. Or holding a toy stably in
the more-affected hand means that the infant can independently learn to pull apart toys
and push them together, which allows also for sequences of play actions such as building
magnetic animals. Another natural context to encourage repetitive pulling apart is when
an activity has finished and needs to be packed up. Pulling apart the toys and putting
them in containers provides significant opportunity for repetitive practice and can often
be the most therapeutic part of the activity. This context also provides the opportunity for
provoking repetitive release of objects held in the more-affected hand.

7. Conclusions and Future Directions

Providing evidence-based upper limb therapy is an essential part of delivering early
intervention during a sensitive period of brain development for all infants and young chil-
dren with unilateral CP. However, key factors to guide clincians about what evidence-based
upper limb therapy should be selected for an individual infant/child has not previously
been discussed in the literature. Guided by extensive clinical experience and research
evidence, this paper provides a best practice framework for planning and implementing
individualised, action-focused, goal-directed upper limb therapy programs to optimise
outcomes for infants with unilateral CP less than 2 years of age. We propose that there are
key considerations for implementing upper limb therapy as well as several factors that
influence decision making about what model of upper limb therapy should be selected
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for an individual infant and their family. These include the family’s goals and preferences,
the infants’ current abilities as measured using tools such as the HAI and Mini-AHA, and
the generation of specific action-focused goals. In combination, it is this information that
determines if CIMT or bimanual therapy would be the most appropriate approach for an
infant and their family at a given point in time. The framework also provides a unique
clinical perspective for targeting unimanual and bimanual action-focused skills for infants
of all ability levels.

While this paper aims to provide a comprehensive clinical framework for implement-
ing upper limb therapy for infants with unilateral CP, we acknowledge that the current
research evidence for upper limb therapy approaches for infants with unilateral CP less
than 2 years of age remains limited. A systemtatic review of specific therapy approaches
in young infants would provide empirical information about the outcome of published
research studies. More importantly there is a significant need for additional rigorous,
adequately powered studies using well-designed methodologies. These must include
comprehensively described therapy protocols to enable evaluation of the specific strategies
used in each approach, as well as allow replication of the approach in clinical practice.
Longitudinal studies that evaluate the effects of multiple, distributed models of therapy
over a longer time period are also required as these therapy approaches are not designed to
be applied as a “one-off”.

We also acknowledge that the clincal framework proposed in this paper has not been
evaluated in a research study. Further evaluation of which strategies are effective for
achieving different action-focused goal for infants at different ability levels and different
ages would help clinicians provide the most effective upper limb therapy programs. Addi-
tionally, while we are gaining a better understanding of the motor constraints that influence
hand use in infancy, a greater understanding of the influence of perception and cognition,
particularly on bimanual performance, could identify new strategies to be used when
implementing upper limb therapy approaches. Further exploration of how to achieve the
best upper limb outcomes for infants with unilateral CP and their families is, and should
remain, a critical area for future research.

Author Contributions: Conceptualisation, S.G. and B.H.; methodology, S.G. and B.H., resources,
S.G. and B.H.; writing—original draft preparation, S.G. and B.H.; writing—review and editing, S.G.
and B.H.; visualisation, S.G. and B.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: Brian Hoare is the Director of the Cerebral Palsy Group Pty Ltd. The Cerebral
Palsy Group owns the intellectual property rights for the Assisting Hand Assessment (AHA), Mini-
Assisting Hand Assessment (Mini-AHA) and the Hand Assessment for Infants (HAI). Susan Greaves
is the developer of the Mini-AHA and a paid instructor for both Mini-AHA and HAI courses.

References

1.  Centorame, D.; Rawicki, B.; Hennel, S.; Hoare, B. Upper Limb Onabotulinumtoxin A Injections in Children Under 2 Years with
Cerebral Palsy: A Retrospective Chart Review. J. Child Neurol. 2022, 37, 949-955. [CrossRef] [PubMed]

2. Boychuck, Z.; Andersen, J.; Bussiéres, A.; Fehlings, D.; Kirton, A.; Li, P.; Oskoui, M.; Rodriguez, C.; Shevell, M.; Snider, L.; et al.
International Expert Recommendations of Clinical Features to Prompt Referral for Diagnostic Assessment of Cerebral Palsy. Dev.
Med. Child Neurol. 2020, 62, 89-96. [CrossRef] [PubMed]

3. Friel, KM.; Williams, P.T.J.A.; Serradj, N.; Chakrabarty, S.; Martin, ].H. Activity-Based Therapies for Repair of the Corticospinal
System Injured during Development. Front. Neurol. 2014, 5, 229. [CrossRef] [PubMed]

4. Velde, A.T,; Tantsis, E.; Novak, I.; Badawi, N.; Berry, J.; Golland, P.; Korkalainen, J.; McMurdo, R.; Shehata, R.; Morgan, C. Age of
Diagnosis, Fidelity and Acceptability of an Early Diagnosis Clinic for Cerebral Palsy: A Single Site Implementation Study. Brain
Sci. 2021, 11, 1074. [CrossRef]

5. Velde, A.T.; Morgan, C.; Novak, I; Tantsis, E.; Badawi, N. Early Diagnosis and Classification of Cerebral Palsy: An Historical

Perspective and Barriers to an Early Diagnosis. J. Clin. Med. 2019, 8, 1599. [CrossRef]


https://doi.org/10.1177/08830738221124365
https://www.ncbi.nlm.nih.gov/pubmed/36113444
https://doi.org/10.1111/dmcn.14252
https://www.ncbi.nlm.nih.gov/pubmed/31025318
https://doi.org/10.3389/fneur.2014.00229
https://www.ncbi.nlm.nih.gov/pubmed/25505443
https://doi.org/10.3390/brainsci11081074
https://doi.org/10.3390/jcm8101599

J. Clin. Med. 2024, 13, 6873 17 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Novak, I.; Morgan, C.; Adde, L.; Blackman, J.; Boyd, R.N.; Brunstrom-Hernandez, J.; Cioni, G.; Damiano, D.; Darrah, J.; Eliasson,
A.-C; et al. Early, Accurate Diagnosis and Early Intervention in Cerebral Palsy: Advances in Diagnosis and Treatment. JAMA
Pediatr. 2017, 171, 897-907. [CrossRef]

Johnson, M.H. Sensitive Periods in Functional Brain Development: Problems and Prospects. Dev. Psychobiol. 2005, 46, 287-292.
[CrossRef]

Eliasson, A.; Nordstrand, L.; Backheden, M.; Holmefur, M. Longitudinal Development of Hand Use in Children with Unilateral
Spastic Cerebral Palsy from 18 Months to 18 Years. Dev. Med. Child Neurol. 2023, 65, 376-384. [CrossRef] [PubMed]

Novak, I.; Morgan, C.; Fahey, M.; Finch-Edmondson, M.; Galea, C.; Hines, A.; Langdon, K.; Namara, M.M.; Paton, M.C.; Popat,
H.; et al. State of the Evidence Traffic Lights 2019: Systematic Review of Interventions for Preventing and Treating Children with
Cerebral Palsy. Curr. Neurol. Neurosci. Rep. 2020, 20, 3. [CrossRef]

Taghizadeh, A.; Webster, K.E.; Bhopti, A.; Carey, L.; Hoare, B. Are They Really Motor Learning Therapies? A Scoping Review of
Evidence-Based, Task-Focused Models of Upper Limb Therapy for Children with Unilateral Cerebral Palsy. Disabil. Rehabil. 2023,
45, 1536-1548. [CrossRef]

Hoare, B.J.; Wallen, M.A.; Thorley, M.N.; Jackman, M.L.; Carey, L.M.; Imms, C. Constraint-induced Movement Therapy in
Children with Unilateral Cerebral Palsy. Cochrane Database Syst. Rev. 2019, 4, CD004149. [CrossRef]

Hoare, B.; Imms, C.; Villanueva, E.; Rawicki, H.B.; Matyas, T.; Carey, L. 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. [CrossRef] [PubMed]

Eliasson, A.-C,; Sjostrand, L.; Ek, L.; Krumlinde-Sundholm, L.; Tedroff, K. Efficacy of Baby-CIMT: Study Protocol for a Randomised
Controlled Trial on Infants below Age 12 Months, with Clinical Signs of Unilateral CP. BMC Pediatr. 2014, 14, 141. [CrossRef]
[PubMed]

Eliasson, A.-C.; Nordstrand, L.; Ek, L.; Lennartsson, F.; Sjostrand, L.; Tedroff, K.; Krumlinde-Sundholm, L. The Effectiveness
of Baby-CIMT in Infants Younger than 12 Months with Clinical Signs of Unilateral-Cerebral Palsy; an Explorative Study with
Randomized Design. Res. Dev. Disabil. 2018, 72, 191-201. [CrossRef]

Svensson, K.; Sundelin, H.; Eliasson, A.-C. Outcomes of a Parent-Delivered Baby-MCIMT Model for Infants at High Risk of
Unilateral Cerebral Palsy Using Remote Coaching in Telerehabilitation. Children 2024, 11, 101. [CrossRef]

Boyd, R.N.; Ziviani, J.; Sakzewski, L.; Novak, I.; Badawi, N.; Pannek, K.; Elliott, C.; Greaves, S.; Guzzetta, A.; Whittingham, K;
et al. REACH: Study Protocol of a Randomised Trial of Rehabilitation Very Early in Congenital Hemiplegia. BM] Open 2017,
7,e017204. [CrossRef]

Chamudot, R.; Parush, S.; Rigbi, A.; Horovitz, R.; Gross-Tsur, V. Effectiveness of Modified Constraint-Induced Movement Therapy
Compared with Bimanual Therapy Home Programs for Infants with Hemiplegia: A Randomized Controlled Trial. Am. J. Occup.
Ther. 2018, 72, 7206205010p1-7206205010p9. [CrossRef]

Palomo-Carrién, R.; Pinero-Pinto, E.; Romay-Barrero, H.; Escobio-Prieto, I; Lillo-Navarro, C.; Romero-Galisteo, R.-P. Shall We
Start? Ready, Set, Go! Toward Early Intervention in Infants with Unilateral Cerebral Palsy. A Randomized Clinical Trial Protocol.
Ther. Adv. Chronic Dis. 2022, 13, 20406223221136060. [CrossRef] [PubMed]

Bard-Pondarré, R.; Vuillerot, C.; Al-Abiad, N.; Verdun, S.; Chabrier, S.; Chaléat-Valayer, E. Early Intensive Bimanual Stimulation
Program (BB-Bim) for Infants at Risk of Unilateral Cerebral Palsy: A Randomized, Multiple-Baseline, Single-Case Study. Am. J.
Occup. Ther. 2023, 77, 7706205070. [CrossRef]

de Tournai, A.C.; Herman, E.; Gathy, E.; Ebner-Karestinos, D.; Araneda, R.; Dricot, L.; Macq, B.; Vandermeeren, Y.; Bleyenheuft, Y.
Baby HABIT-ILE Intervention: Study Protocol of a Randomised Controlled Trial in Infants Aged 6-18 Months with Unilateral
Cerebral Palsy. BM] Open 2024, 14, 078383. [CrossRef]

Maitre, N.L.; Jeanvoine, A.; Yoder, PJ.; Key, A.P; Slaughter, ].C.; Carey, H.; Needham, A.; Murray, M.M.; Heathcock, J.; Burkhardt,
S.; et al. Kinematic and Somatosensory Gains in Infants with Cerebral Palsy After a Multi-Component Upper-Extremity
Intervention: A Randomized Controlled Trial. Brain Topogr. 2020, 33, 751-766. [CrossRef] [PubMed]

Pietruszewski, L.; Burkhardt, S.; Yoder, PJ.; Heathcock, J.; Lewandowski, D.].; Maitre, N.L. Protocol and Feasibility-Randomized
Trial of Telehealth Delivery for a Multicomponent Upper Extremity Intervention in Infants With Asymmetric Cerebral Palsy. Child
Neurol. Open. 2020, 7, 2329048X20946214. [CrossRef]

Verhaegh, A.PM.; Groen, B.E.; Aarts, P.B.M.; van Ee, R.; Willemsen, M.A.A.P;; Jongsma, M.L.A.; Sanden, N.d. Multisensory
Stimulation and Priming (MuSSAP) in 4-10 Months Old Infants with a Unilateral Brain Lesion: A Pilot Randomised Clinical Trial.
Occup. Ther. Int. 2023, 2023, 8128407. [CrossRef]

Sakzewski, L.; Gordon, A.; Eliasson, A.-C. The State of the Evidence for Intensive Upper Limb Therapy Approaches for Children
with Unilateral Cerebral Palsy. J. Child Neurol. 2014, 29, 1077-1090. [CrossRef] [PubMed]

Hoare, B.; Greaves, S. Unimanual versus Bimanual Therapy in Children with Unilateral Cerebral Palsy: Same, Same, but Different.
J. Pediatr. Rehabil. Med. 2017, 10, 47-59. [CrossRef]

Eliasson, A.C.; Krumlinde-Sundholm, L.; Gordon, A.M.; Feys, H.; Klingels, K.; Aarts, PB.M.; Rameckers, E.; Autti-Ramo, I.; Hoare,
B. 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. [CrossRef]

Taub, E.; Ramey, S.L.; DeLuca, S.; Echols, K. Efficacy of Constraint-Induced Movement Therapy for Children with Cerebral Palsy
With Asymmetric Motor Impairment. Pediatrics 2004, 113, 305-312. [CrossRef] [PubMed]


https://doi.org/10.1001/jamapediatrics.2017.1689
https://doi.org/10.1002/dev.20057
https://doi.org/10.1111/dmcn.15370
https://www.ncbi.nlm.nih.gov/pubmed/35899928
https://doi.org/10.1007/s11910-020-1022-z
https://doi.org/10.1080/09638288.2022.2063414
https://doi.org/10.1002/14651858.CD004149.pub3
https://doi.org/10.1111/dmcn.12054
https://www.ncbi.nlm.nih.gov/pubmed/23236956
https://doi.org/10.1186/1471-2431-14-141
https://www.ncbi.nlm.nih.gov/pubmed/24903062
https://doi.org/10.1016/j.ridd.2017.11.006
https://doi.org/10.3390/children11010101
https://doi.org/10.1136/bmjopen-2017-017204
https://doi.org/10.5014/ajot.2018.025981
https://doi.org/10.1177/20406223221136059
https://www.ncbi.nlm.nih.gov/pubmed/36420043
https://doi.org/10.5014/ajot.2023.050232
https://doi.org/10.1136/bmjopen-2023-078383
https://doi.org/10.1007/s10548-020-00790-5
https://www.ncbi.nlm.nih.gov/pubmed/32748303
https://doi.org/10.1177/2329048X20946214
https://doi.org/10.1155/2023/8128407
https://doi.org/10.1177/0883073814533150
https://www.ncbi.nlm.nih.gov/pubmed/24820334
https://doi.org/10.3233/PRM-170410
https://doi.org/10.1111/dmcn.12273
https://doi.org/10.1542/peds.113.2.305
https://www.ncbi.nlm.nih.gov/pubmed/14754942

J. Clin. Med. 2024, 13, 6873 18 of 20

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

Eliasson, A.-C.; Krumlinde-Sundholm, L.; Shaw, K.; Wang, C. Effects of Constraint-Induced Movement Therapy in Young
Children with Hemiplegic Cerebral Palsy: An Adapted Model. Dev. Med. Child Neurol. 2005, 47, 266-275. [CrossRef]

Charles, J.; Gordon, A.M. Development of Hand-arm Bimanual Intensive Training (HABIT) for Improving Bimanual Coordination
in Children with Hemiplegic Cerebral Palsy. Dev. Med. Child Neurol. 2006, 48, 931-936. [CrossRef]

Bleyenheuft, Y.; Gordon, A.M. Hand-Arm Bimanual Intensive Therapy Including Lower Extremities (HABIT-ILE) for Children
with Cerebral Palsy. Phys. Occup. Ther. Pediatr. 2014, 34, 390—403. [CrossRef]

Levy, T.J.; Hoare, B. Therapy Choices for Children With Difficulties Using 1 Hand After a Brain Injury. Arch. Phys. Med. Rehabil.
2023, 104, 1363-1366. [CrossRef] [PubMed]

Muratori, L.M.; Lamberg, E.M.; Quinn, L.; Duff, S.V. Applying Principles of Motor Learning and Control to Upper Extremity
Rehabilitation. J. Hand Ther. 2013, 26, 94-103. [CrossRef] [PubMed]

Adams, J.A. A Closed-Loop Theory of Motor Learning. J. Mot. Behav. 1971, 3, 111-150. [CrossRef]

Schmidt, R.A. Motor Schema Theory after 27 Years: Reflections and Implications for a New Theory. Res. Q. Exerc. Sport. 2003, 74,
366-375. [CrossRef]

Bernstein, N.A. The Primacy of Action in Development. In Dexterity and Its Development; Latash, M.L., Turvey, M.T., Eds.;
Psychology Press: New York, NY, USA, 2014; pp. 431-451.

Thelen, E.; Jensen, ]J.L.; Kamm, K.; Corbetta, D.; Schneider, K.; Zernicke, R.F. Tutorials in Motor Neuroscience. In Tutorials in
Motor Neuroscience; Requin, J., Stelmach, G.E., Eds.; Kluwer Academic/Plenum Publishers: Dordrecht, The Netherlands, 1991;
Volume 18, pp. 43-57. [CrossRef]

Bobath, B. The Importance of the Reduction of Muscle Tone and the Control of Mass Reflex Action in the Treatment of Spasticity.
Occup. Ther. Rehabil. 1948, 27, 371-383.

Motta, F.; Sherrington, C.S. Experiments upon the Influence of Sensory Nerves upon Movement and Nutrition of the Limbs. Proc.
R. Soc. 1895, 571, 481-488.

Velde, A.T.; Morgan, C.; Finch-Edmondson, M.; McNamara, L.; McNamara, M.; Paton, M.C.B.; Stanton, E.; Webb, A.; Badawi, N.;
Novak, I. Neurodevelopmental Therapy for Cerebral Palsy: A Meta-Analysis. Pediatrics 2022, 149, e2021055061. [CrossRef]
Phelps, WM. Cerebral birth injuries: Their orthopaedic classification and subsequent treatment. JBJS 1932, 14, 773-782. [CrossRef]
Bobath, B.; Bobath, K. The Diagnosis of Cerebral Palsy in Infancy. Arch. Dis. Child 1956, 31, 408—414. [CrossRef]

Gentile, A.M. The Nature of Skill Acquisition: Therapeutic Implications for Children with Movement Disorders. In Movement
Disorders in Children; Karger: Basel, Switzerland, 1992; Volume 36, pp. 31-40. [CrossRef]

Kaplan, M.T.; Bedell, G. Motor Skill Acquisition Frame of Reference. In Frames of Reference for Pediatric Occupational Therapy;
Hinojosa, PX.J., Ed.; Williams & Wilkins: Baltimore, MD, USA, 1999.

Sakzewski, L.; Ziviani, J.; Boyd, R.N. Delivering Evidence-Based Upper Limb Rehabilitation for Children with Cerebral Palsy:
Barriers and Enablers Identified by Three Pediatric Teams. Phys. Occup. Ther. Pediatr. 2014, 34, 368-383. [CrossRef]

Hoare, B.J.; Imms, C.; Rawicki, H.B.; Carey, L. Modified Constraint-Induced Movement Therapy or Bimanual Occupational
Therapy Following Injection of Botulinum Toxin-A to Improve Bimanual Performance in Young Children with Hemiplegic
Cerebral Palsy: A Randomised Controlled Trial Methods Paper. BMC Neurol. 2010, 10, 58. [CrossRef] [PubMed]

Lewthwaite, R.; Wulf, G. Optimizing Motivation and Attention for Motor Performance and Learning. Curr. Opin. Psychol. 2017,
16, 38-42. [CrossRef]

Wulf, G.; Lewthwaite, R. Optimizing Performance through Intrinsic Motivation and Attention for Learning: The OPTIMAL
Theory of Motor Learning. Psychon. Bull. Rev. 2016, 23, 1382-1414. [CrossRef] [PubMed]

Kleim, J.A. Neural Plasticity and Neurorehabilitation: Teaching the New Brain Old Tricks. . Commun. Disord. 2011, 44, 521-528.
[CrossRef]

Plautz, E.; Milliken, G.W.; Nudo, R.J. Effects of Repetitive Motor Training on Movement Representations in Adult Squirrel
Monkeys: Role of Use versus Learning. Neurobiol. Learn. Mem. 2000, 74, 27-55. [CrossRef]

Steele-Johnson, D.; Beauregard, R.S.; Hoover, P.B.; Schmidt, A.M. Goal Orientation and Task Demand Effects on Motivation,
Affect, and Performance. J. Appl. Psychol. 2000, 85, 724-738. [CrossRef] [PubMed]

Eliasson, A.-C. Improving the Use of Hands in Daily Activities. Phys. Occup. Ther. Pedi 2005, 25, 37—60. [CrossRef]

Kleim, J.A.; Jones, T.A. Principles of Experience-Dependent Neural Plasticity: Implications for Rehabilitation After Brain Damage.
J. Speech Lang. Hear. Res. 2008, 51, 5225-5239. [CrossRef]

Vygotsky, L.S. Interaction between Learning and Development. In Mind and Society: The Development of Higher Psychological
Processes; Cole, M., John-Steiner, V., Scribner, S., Souberman, E., Eds.; Harvard University Press: Cambridge, MA, USA, 1978;
pp- 79-91.

Fitts, PM.; Posner, M.I. Human Performance. In Basic Concepts in Psychology Series; Brooks/Cole Pub. Co.: Belmont, CA,
USA, 1967.

Novak, I; Cusick, A.; Lowe, K. A Pilot Study on the Impact of Occupational Therapy Home Programming for Young Children
with Cerebral Palsy. Am. J. Occup. Ther. 2007, 61, 463-468. [CrossRef]

Novak, I.; Cusick, A.; Lannin, N. Occupational Therapy Home Programs for Cerebral Palsy: Double-Blind, Randomized,
Controlled Trial. Pediatrics 2009, 124, e606—e614. [CrossRef]

Novak, I.; Berry, J. Home Program Intervention Effectiveness Evidence. Phys. Occup. Ther. Pediatr. 2014, 34, 384-389. [CrossRef]


https://doi.org/10.1017/S0012162205000502
https://doi.org/10.1111/j.1469-8749.2006.02039a.x
https://doi.org/10.3109/01942638.2014.932884
https://doi.org/10.1016/j.apmr.2023.02.026
https://www.ncbi.nlm.nih.gov/pubmed/37037294
https://doi.org/10.1016/j.jht.2012.12.007
https://www.ncbi.nlm.nih.gov/pubmed/23598082
https://doi.org/10.1080/00222895.1971.10734898
https://doi.org/10.1080/02701367.2003.10609106
https://doi.org/10.1007/978-94-011-3626-6_5
https://doi.org/10.1542/peds.2021-055061
https://doi.org/10.1097/00003086-196607000-00002
https://doi.org/10.1136/adc.31.159.408
https://doi.org/10.1159/000421471
https://doi.org/10.3109/01942638.2013.861890
https://doi.org/10.1186/1471-2377-10-58
https://www.ncbi.nlm.nih.gov/pubmed/20602795
https://doi.org/10.1016/j.copsyc.2017.04.005
https://doi.org/10.3758/s13423-015-0999-9
https://www.ncbi.nlm.nih.gov/pubmed/26833314
https://doi.org/10.1016/j.jcomdis.2011.04.006
https://doi.org/10.1006/nlme.1999.3934
https://doi.org/10.1037/0021-9010.85.5.724
https://www.ncbi.nlm.nih.gov/pubmed/11055145
https://doi.org/10.1300/J006v25n03_04
https://doi.org/10.1044/1092-4388(2008/018)
https://doi.org/10.5014/ajot.61.4.463
https://doi.org/10.1542/peds.2009-0288
https://doi.org/10.3109/01942638.2014.964020

J. Clin. Med. 2024, 13, 6873 19 of 20

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.
77.

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

Hinojosa, J.; Anderson, ]. Mothers’ Perceptions of Home Treatment Programs for Their Preschool Children with Cerebral Palsy.
Am. J. Occup. Ther. 1991, 45, 273-279. [CrossRef]

Morgan, C.; Novak, I; Dale, R.C.; Guzzetta, A.; Badawi, N. GAME (Goals-Activity-Motor Enrichment): Protocol of a Single Blind
Randomised Controlled Trial of Motor Training, Parent Education and Environmental Enrichment for Infants at High Risk of
Cerebral Palsy. BMC Neurol. 2014, 14, 203. [CrossRef]

Milton, Y.; Roe, S. Occupational Therapy Home Programmes for Children with Unilateral Cerebral Palsy Using Bimanual and
Modified Constraint Induced Movement Therapies: A Critical Review. Br. ]. Occup. Ther. 2016, 80, 337-349. [CrossRef]

Miller, L.; Ziviani, J.; Ware, R.S.; Boyd, R.N. Mastery Motivation as a Predictor of Occupational Performance Following Upper
Limb Intervention for School-aged Children with Congenital Hemiplegia. Dev. Med. Child Neurol. 2014, 56, 976-983. [CrossRef]
[PubMed]

Case-Smith, J. Hand Function in the Child, 3rd ed.; Part II: Development of Hand Skills; Elsevier: Amsterdam, The Netherlands,
2006; pp. 117-141. [CrossRef]

Berthier, N.E.; Keen, R. Development of Reaching in Infancy. Exp. Brain Res. 2005, 169, 507-518. [CrossRef] [PubMed]

Ho, E.S. Measuring Hand Function in the Young Child. J. Hand Ther. 2010, 23, 323-328. [CrossRef]

Needham, A.-W.; Nelson, E.L. How Babies Use Their Hands to Learn about Objects: Exploration, Reach-to-grasp, Manipulation,
and Tool Use. Wiley Interdiscip. Rev. Cogn. Sci. 2023, 14, e1661. [CrossRef]

Greaves, S.; Imms, C.; Krumlinde-Sundholm, L.; Dodd, K.; Eliasson, A.-C. Bimanual Behaviours in Children Aged 8-18 Months:
A Literature Review to Select Toys That Elicit the Use of Two Hands. Res. Dev. Disabil. 2012, 33, 240-250. [CrossRef]

Ek, L.; Eliasson, A.; Sicola, E.; Sjostrand, L.; Guzzetta, A.; Sgandurra, G.; Cioni, G.; Krumlinde-Sundholm, L. Hand Assessment
for Infants: Normative Reference Values. Dev. Med. Child Neurol. 2019, 61, 1087-1092. [CrossRef]

Sakzewski, L.; Sicola, E.; Verhage, C.H.; Sgandurra, G.; Eliasson, A. Development of Hand Function during the First Year of Life
in Children with Unilateral Cerebral Palsy. Dev. Med. Child Neurol. 2019, 61, 563-569. [CrossRef] [PubMed]

Soska, K.C.; Adolph, K.E. Postural Position Constrains Multimodal Object Exploration in Infants. Infancy 2014, 19, 138-161.
[CrossRef] [PubMed]

Hedberg, A Carlberg, E.B.; Forssberg, H.; Algra, M.H. Development of Postural Adjustments in Sitting Position during the First
Half Year of Life. Dev. Med. Child Neurol. 2005, 47, 312-320. [CrossRef] [PubMed]

Harbourne, R.T.; Ryalls, B.; Stergiou, N. Sitting and Looking: A Comparison of Stability and Visual Exploration in Infants with
Typical Development and Infants with Motor Delay. Phys. Occup. Ther. Pediatr. 2014, 34, 197-212. [CrossRef]

Ruff, H.A.; Capozzoli, M.; Saltarelli, L.M. Focused Visual Attention and Distractibility in 10-Month-Old Infants. Infant. Behav. Dev.
1996, 19, 281-293. [CrossRef]

Ruff, H.A. Components of Attention during Infants” Manipulative Exploration. Child Dev. 1986, 57, 105-114. [CrossRef]

Ruff, H.A.; Saltarelli, L.M. Exploratory Play with Objects: Basic Cognitive Processes and Individual Differences. N. Dir. Child
Adolesc. Dev. 1993, 1993, 5-16. [CrossRef]

Surkar, S.M.; Edelbrock, C.; Stergiou, N.; Berger, S.; Harbourne, R. Sitting Postural Control Affects the Development of Focused
Attention in Children with Cerebral Palsy. Pediatr. Phys. Ther. 2015, 27, 16-22. [CrossRef] [PubMed]

Smith, L.; Gasser, M. The Development of Embodied Cognition: Six Lessons from Babies. Artif. Life 2005, 11, 13-29. [CrossRef]
Harbourne, R.T; Berger, S.E. Embodied Cognition in Practice: Exploring Effects of a Motor-Based Problem-Solving Intervention.
Phys. Ther. 2019, 99, 786-796. [CrossRef]

Thelen, E.; Smith, L.B. Dynamic Systems Theories. In Handbook of Child Psychology: Theoretical Models of Human Development;
Damon, W., Lerner, R.M., Eds.; John Wiley & Sons, Incorporated: Hoboken, NJ, USA, 2006; pp. 258-312.

Thelen, E.; Smith, L.B. A Dynamic Systems Approach to the Development of Cognition and Action; MIT Press: Cambridge, MA,
USA, 1994.

Gibson, E.J.; Pick, A.D. Development and Learning in Infancy. In An Ecological Approach to Perceptual Learning and Development;
Gibson, E.J., Pick, A.D., Eds.; Oxford University Press: Oxford, UK, 2003; pp. 45-51.

Szokolszky, A.; Read, C.; Palatinus, Z.; Palatinus, K. Ecological Approaches to Perceptual Learning: Learning to Perceive and
Perceiving as Learning. Adapt. Behav. 2019, 27, 363-388. [CrossRef]

Pick, H.L.; Eleanor, J. Gibson: Learning to Perceive and Perceiving to Learn. Dev. Psychol. 1992, 28, 787-794. [CrossRef]

Gibson, E.J. Exploratory Behavior in the Development of Perceiving, Acting, and the Acquiring of Knowledge. Annu. Rev. Psychol.
1988, 39, 1-42. [CrossRef]

Gibson, E.J. The Concept of Affordances in Development: The Renascence of Functional Ism. In The Concept of Development. The
Minnesota Symposia of Child Psychology; Collins, W.A., Ed.; Psychology Press: New York, NY, USA, 1982; Volume 15, pp. 55-81.
Gibson, EJ.; Pick, A.D. The Learning Process in Infancy. In An Ecological Approach to Perceptual Learning and Development; Gibson,
E.J., Pick, A.D., Eds.; Oxford University Press: Oxford, UK, 2003; pp. 134-158.

Muentener, P; Herrig, E.; Schulz, L. The Efficiency of Infants” Exploratory Play Is Related to Longer-Term Cognitive Development.
Front. Psychol. 2018, 9, 635. [CrossRef] [PubMed]

Hoare, B.J. Content of Upper Limb Therapy for Children with Cerebral Palsy. Dev. Med. Child Neurol. 2020, 62, 1231. [CrossRef]
[PubMed]

Krumlinde-Sundholm, L.; Ek, L.; Sicola, E.; Sjostrand, L.; Guzzetta, A.; Sgandurra, G.; Cioni, G.; Eliasson, A. Development of the
Hand Assessment for Infants: Evidence of Internal Scale Validity. Dev. Med. Child Neurol. 2017, 59, 1276-1283. [CrossRef]


https://doi.org/10.5014/ajot.45.3.273
https://doi.org/10.1186/s12883-014-0203-2
https://doi.org/10.1177/0308022616664738
https://doi.org/10.1111/dmcn.12471
https://www.ncbi.nlm.nih.gov/pubmed/24766637
https://doi.org/10.1016/b978-032303186-8.50010-1
https://doi.org/10.1007/s00221-005-0169-9
https://www.ncbi.nlm.nih.gov/pubmed/16341854
https://doi.org/10.1016/j.jht.2009.11.002
https://doi.org/10.1002/wcs.1661
https://doi.org/10.1016/j.ridd.2011.09.012
https://doi.org/10.1111/dmcn.14163
https://doi.org/10.1111/dmcn.14091
https://www.ncbi.nlm.nih.gov/pubmed/30411327
https://doi.org/10.1111/infa.12039
https://www.ncbi.nlm.nih.gov/pubmed/24639621
https://doi.org/10.1017/S0012162205000605
https://www.ncbi.nlm.nih.gov/pubmed/15892373
https://doi.org/10.3109/01942638.2013.820252
https://doi.org/10.1016/S0163-6383(96)90029-6
https://doi.org/10.2307/1130642
https://doi.org/10.1002/cd.23219935903
https://doi.org/10.1097/PEP.0000000000000097
https://www.ncbi.nlm.nih.gov/pubmed/25401455
https://doi.org/10.1162/1064546053278973
https://doi.org/10.1093/ptj/pzz031
https://doi.org/10.1177/1059712319854687
https://doi.org/10.1037/0012-1649.28.5.787
https://doi.org/10.1146/annurev.ps.39.020188.000245
https://doi.org/10.3389/fpsyg.2018.00635
https://www.ncbi.nlm.nih.gov/pubmed/29904360
https://doi.org/10.1111/dmcn.14645
https://www.ncbi.nlm.nih.gov/pubmed/32757274
https://doi.org/10.1111/dmcn.13585

J. Clin. Med. 2024, 13, 6873 20 of 20

89.

90.

91.

92.

93.

94.

95.

96.

Ullenhag, A.; Ek, L,; Eliasson, A.; Krumlinde-Sundholm, L. Interrater and Test-Retest Reliability of the Hand Assessment for
Infants. Dev. Med. Child Neurol. 2021, 63, 1456-1461. [CrossRef]

Ryll, U.C.; Krumlinde-Sundholm, L.; Verhage, C.H.; Sicola, E.; Sgandurra, G.; Bastiaenen, C.H.; Eliasson, A. Predictive Validity
of the Hand Assessment for Infants in Infants at Risk of Unilateral Cerebral Palsy. Dev. Med. Child Neurol. 2021, 63, 436—443.
[CrossRef]

Greaves, S.; Imms, C.; Dodd, K.; Krumlinde-Sundholm, L. Development of the Mini-Assisting Hand Assessment: Evidence for
Content and Internal Scale Validity. Dev. Med. Child Neurol. 2013, 55, 1030-1037. [CrossRef]

Gorden, A.M. Measuring ‘Activity Limitation” in Individuals with Unilateral Upper Extremity Impairments. Dev. Med. Child
Neurol. 2007, 49, 245. [CrossRef]

Holmefur, M; Kits, A.; Bergstrom, J.; Krumlinde-Sundholm, L.; Flodmark, O.; Forssberg, H.; Eliasson, A.-C. Neuroradiology Can
Predict the Development of Hand Function in Children With Unilateral Cerebral Palsy. Neurorehabilit. Neural. Repair. 2013, 27,
72-78. [CrossRef] [PubMed]

Goubet, N.; Rochat, P.; Maire-Leblond, C.; Poss, S. Learning from Others in 9-18-month-old Infants. Infant. Child Dev. 2006, 15,
161-177. [CrossRef]

Krumlinde-sundholm, L.; Eliasson, A. Development of the Assisting Hand Assessment: A Rasch-Built Measure Intended for
Children with Unilateral Upper Limb Impairments. Scand. |. Occup. Ther. 2003, 10, 16-26. [CrossRef]

Jeeves, M.A_; Silver, PH.; Milne, A.B. Role of the Corpus Callosum in the Development of a Bimanual Motor Skill. Dev.
Neuropsychol. 1988, 4, 305-323. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/dmcn.14967
https://doi.org/10.1111/dmcn.14739
https://doi.org/10.1111/dmcn.12212
https://doi.org/10.1111/j.1469-8749.2007.00245.x
https://doi.org/10.1177/1545968312446950
https://www.ncbi.nlm.nih.gov/pubmed/22677505
https://doi.org/10.1002/icd.446
https://doi.org/10.1080/11038120310004529
https://doi.org/10.1080/87565648809540415

	Introduction 
	Upper Limb Therapies for Infants with Unilateral CP 
	Constraint Induced Movement Therapy 
	Bimanual Therapy 
	Hybrid Therapy 

	Considerations for the Implementation of Evidence-Based Upper Limb Therapies for Infants and Young Children 
	What Is Motor Learning Theory? 
	Goal Setting to Ensure Specificity of Practice 
	Promoting a Salient and Moderately Challenging Experience 
	Importance of Dosage of Practice 
	Home Programs and Supporting Families 
	Development of Hand Skills 
	Perceptual and Cognitive Skill Development 
	Play and Object Affordances 

	Implementing CIMT or Bimanual Therapy for Infants Under 2 Years of Age: When and Why 
	Collaborative Goal Setting with the Family 
	Formulating Action-Focused Goals 
	Using Action-Focused Goals to Determine the Most Appropriate Therapy Approach 

	Improving Unimanual Capacity Using Constraint Induced Movement Therapy 
	CIMT for Infants with Low Ability 
	CIMT for Infants with Moderate Ability 
	CIMT for Infants with High Ability 
	Considerations for Use of CIMT for Children with Unilateral CP 

	Improving Bimanual Performance Using Bimanual Therapy 
	Bimanual Therapy for Infants with Low Ability 
	Bimanual Therapy for Infants with Moderate Ability 
	Bimanual Therapy for Infants with High Ability 

	Conclusions and Future Directions 
	References

