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A mia nonna Isolina

Olivia couldn't find her other red sock.

“What's the matter?” asked her mother.
“1 can't ind mv other red sock,” said Olivia.
“Whar are those all over the Hoor?”

“They don't go with this one.”
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ABSTRACT

Background

In the last decades, several treatment approacvesieen used to improve upper
limb function in hemiplegic CP. Only recently hasrStraint Induced Movement
Therapy (CIMT) emerged as a treatment approaclthddren with hemiplegic
CP with the aim of reversing the behavioral suppoes of movement in the
affected upper limb. To date, evidence on thisttneat has been very poor and
limited, since all currently available trials rev@aethodological limitations and a

need for additional research to support the apgdicaf this treatment technique.

Aim

The thesis aims at exploring the safety and efficzca new treatment approach,
Constraint Induced Movement Therapy has been studied compared to a
bimanual intensive rehabilitation approach and taditional rehabilitation

program.

Methods

This thesis presents the planning and developnfesmtnational mustisite clinical
trial started in 2006 and carried out in collabmmatwith 21 Italian rehabilitations
centers belonging to the Italian Group for Cerebaby (GIPCI).

The effectiveness and safety of CIMT combined vaithintensive rehabilitation
program was compared to 2 comparison groups: areett with an intensive

rehabilitation program and the other with standémeatment. Patients with



hemiplegic cerebral palsy, aged between 2 and 8syeamho have never
undergone constraint therapy have been recruitdthaB/ outcome measures
include 2 major domains: UE motor ability (QUESThdahand function
assessment evaluating both grip function and spentss use of the affected side
(Besta Scale). Secondary outcome measures congerallofunction, behavior,
compliance and satisfaction with treatment progmiboth child and family.
Patients’ follow-up assessment was performed 6teé8yd 12 months after the end
of treatment.

Collected data have been analyzed through unieaaatl multivariate statistical
analysis.

The experimental phase was preceded by a standdrdizalysis or primary
outcome measures (QUEST and Besta Scale) in avdevaiuate the agreement
among the assessors of all participating centdrevaluators scored the same 84
video-recorded tests each (42 QUEST and 42 BestlesSadministered to 42
children, 2 per each participating center). Thelyama evaluated the inter-rater
agreement and the reliability of primary outcomeamges.

During the clinical trial all the professionals olved in the project have been
interviewed to explore their opinion on conductatigical research in the field of

rehabilitation and in their daily practice.

Results

105 children have been recruited (39 undergoing TTIBB undergoing bimanual
intensive rehabilitation program and 33 undergoingditional rehabilitation

program). The main results demonstrate a signifiedfect of both intensive
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programs on the upper limb function. CIMT resulartgularly effective in
ameliorating the grasp function, while bimanuakgive rehabilitation program
results particularly efficacious in activity of dailiving tasks. The traditional
treatment does not show a significant modificatedrupper limb function. The
patterns of brain plasticity and the process calrtieorganization following injury
seem to play a crucial role in upper limb functioodifications after intense
treatment.

Secondary outcome measures show the importandeeahtensity of treatment
and follow-up to reduce family stress and behavidisturbances in children.

The agreement analysis demonstrated an overall gdedrater agreement and
the reliability of both scales in assessing hardlgper limb function.

68 professionals have been involved in the surveganding research in
rehabilitation. The main results show the importainé conducting research in
rehabilitation not only to obtain evidence for néhwerapeutic approaches, but also
to standardize the practices and to share and wrapite ability to use new and

standardized assessment tools.

Conclusions

The researches conducted and the results obtagasa garticularly important for
the current rehabilitation practice and for the amigation of rehabilitation
programs in the dedicated health care servicehBuresearch is needed on these
Issues, since, if these results will be confirmeslytcould dramatically change the
approach to children with hemiplegic cerebral palsg modify sensitively their

disease’s natural history.
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CHAPTER 1.INTRODUCTION

Cerebral palsy in children

Cerebral palsy (CP) describes a group of disoradgrghe development of
movement and posture, causing activity limitatidimat are attributed to non
progressive disturbances that occurred in the deirej fetal or infant brain?. It

is characterized by sensorimotor dysfunction asifested by atypical muscle
tone, posture and movement. Severity of impairnranes widely, depending on
the site and severity of brain damage

Hemiplegia is a unilateral physical impairménts a common type of CP
accounting for 36-40% of all CP. Typically, the epfimb is more involved than
the lower, with impairments of spasticity, sensa@md reduced strength

One of the most disabling symptoms of hemiplegian#aterally impaired hand
and arm function, which affects self-care actigtgich as feeding, dressing, and
grooming. The impairment of the hand is often the resuliiaage to the motor
cortex and corticospinal pathways responsible lier fine motor control of the
fingers and hard Thus, skilled independent finger movements do detelop
typically in children with hemiplegia. During tasisat require fine manipulation,
such children often use several fingers, and ofteow abnormal hand posturing
as well as reduction in distal strength and detyte?i

Sensory disturbances can occur as well, further ptioating any motor
impairment. Furthermore, children with hemiplegia due to besépalsy (CP, the

most motorically studied subtype of hemiplegia) dnahfficulty with the timing
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and coordination of reaching movements, graspingyement planning, and a
deficient capacity to modulate postural adjustmenting reachint.

The resulting sensory and motor impairments in dcai with hemiplegia
compromise movement efficiency. Such children oftard not to use the affected
extremity, resulting in a developmentally learnaxhfuse of the involved upper
extremity that can be termed 'developmental disUSé™.

Typically, rehabilitation techniques have focused teaching and reinforcing
compensatory strategies that encourage use ofdhénmolved upper extremity
to decrease functional limitations. Strong evidefarethe successful application
of any therapeutic approach is lackihgRecent evidence suggests that children
with hemiplegic CP can improve motor performancepibvided sufficient
practice. This finding indicates that intensiveqgti@e may improve function in the

involved upper extremity that could lead to inceshase in daily lif&" *2.
Epidemiology

Cerebral palsy is the most common physical diggbiif childhood with a
prevalence of approximately 2 per 1000 newbornsyast developed countriés
14 15.

In 1998, fourteen centres in eight European coemtstarted a network called
Surveillance of Cerebral Palsy in Europe (SCREAfter reaching consensus
about the criteria to classify CP, they presenteel prevalence rates in six
countries, and more detailed prevalence estimdtds8 area¥’. In Table 1.1 a
summary of the prevalence estimates of CP of theESG@s well as from some

other north-western Europe countries, is given.cAs be concluded from this
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table the prevalence and the trends in time of @P camparable in these
countries® *°.

Table 1.1.Prevalence of cerebral palsy in Northwest Europe

Prevalence
Birthyecar per 1000 lifebirths
Northeast England 1964 - 1968 1.68
1969 - 1973 1.39
1974~ 1978 1.71
1970~ 1983 2.00
1984 - 1988 2.27
10980 - 1003 245
Scotland, England 1984 - 1989 2.10
Northem Ireland 1981 - 19493 2.24
Norway 1977 - 1981 1.91
1982 - 1986 1.98
1987 = 1949] 205
Denmark 1970 - 1986 2.80
1987 = 1900 2.4
Sweden 1970 - 1982 217
1990 = 1995 2.20
1940] - 1904 212
The Netherlands 1977 - 1979 0.97
1980 - 1982 1.4}
1983 - 1985 1.84
1986~ 1988 2.44

The prevalence of CP rises in time from well be® per 1000 life births in the
1970s to well above 2.0 in the 1990s. Boys forrmalsmajority (58%). It seems
fair to assume that these European data are ngtdierent from findings in
other parts of the world For example the prevalence of CP in China is ntego
to be 1.6 per 1000 children under ag&??. In Mississippi (USA) 2.12 per 1000
inhabitants were diagnosed with CP with a high@valence for males, and a,

non-significant, higher prevalence in black peépl@he prevalence of CP in
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Australia is 2.0 to 2.5 per 1000 live birtAsThe prevalence of CP among low-

birthweight children is higher than among normalhvieight childref”.
Clinical main characteristics and classification

Table 1.2 gives a summary of the data about thet m@msmmon impairments

associated with CP, crude prevalences are given.

Table 1.2 Prevalence of impairments among children witlebeal palsy

Impaimment %
Motor 100
Cogmitive (%) 23-44
Sensibility 44 -51
Speach 42-81
Viszal (**) 62~T71
Hearing (#) 25
Epilepsy 22-40
Feeding

CGastrointestinal

Growth

Weight 52
Unnary 235
incon tnence

*Cognitive impairment: 1Q < 70,
**Visual impairment: moderate = 6/18-6/60 D, severe = <6/60 D.
*Hearing impairment moderate = 45-70 dB loss, severe = 70 dB loss.
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Motor impairment is obligatory for the diagnosis.GR people with hemiplegic
CP the prevalence of additional impairments is 42% mmon additional
impairments are cognitive impairments, epilepsynssey, endocrine and
urogenital impairments®,

As can be seen in Table 1.2, a large proportigpeople with CP have some kind
of cognitive impairmerif. The prevalence varies with the type of CP and
especially increases when epilepsy is presentewersly disabled CP children,
97.7% are profoundly mentally impaired. But, sidi®&6 the prevalence of severe
mental retardation has decreased significantly. UAb#0% of children with
hemiplegic CP have normal cognitive abilities, whdhildren and adolescents
with tetraplegic CP are generally severely intellady impaired 2,

There is no association between IQ level and mersooyes and location of brain
damage (left or right). Nonverbal learning impaintse characterized by good
language abilities and week visual-spatial abgitigth fear of new situations and
stepwise development, are commdh

Behavior problems are five times more likely in ldlen with CP (25.5%)
compared with children with no known health probténThe odds ratio for
behavior problems of children with CP without méntetardation is 4.9. The
attention deficit hyperactivity disorder (ADHD) msore common among children
with CP. Other specific behavior problems in cheldiwith CP are dependency,

being headstrong, and hyperactivity in gerféral
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A large minority of people with CP has epilepsyd dhe prevalence varies with
the type of motor impairment. It is most common amohe hemi- and
tetraplegicé

Sensibility and senses may be affected as’w&ltereognosis and two-point
discrimination of the hands is impaired in 44 — 5b%all children with CP
(astereognosia in 20%). Term children tend to beerseverely affected. Sensory
impairments are most common among hemiplegic ChlpedNine out of 10
hemiplegic children have significant bilateral sanysdeficits. Stereognosis and
proprioception are the chief modalities affecteldtbrally. The extent of sensory
loss does not mirror the severity of the motor @efiChronic pain is reported by
28% of the adults with CP, versus 15% of the adultthe general population.
Impairment of speech is common and strongly assatiavith the type and
severity of the motor impairment. The most comnmpairment is dysarthria but
aphasia occurs also.

Ophthalmic abnormalities are present in 62% of Gitier’®. Low visual acuity
is reported in 71% of children with CP. Becausetbalmological examination
cannot explain the low visual acuity of the vastjonty, there is a high
probability of cerebral visual disturbarite

Impairments in hearing do occur but less often thfa@ other impairments;
however, data are very scarce.

Peculiar radiological features may be observedhitdien affected by cerebral
palsy. MRI brain abnormalities can be classified intorfgroups: i.e. group 1:

brain malformations; group 2: cortical-subcortitzdions; group 3: abnormalities
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of the periventricular white matter; and group 4isimatal brain-injuries. In
groups 1 and 2 the severity of hemiplegia is mambderate, while it is mild in
groups 3 and 4. The third group presents a largeliement of the lower limb,
while the upper limb is more affected in the otgeups™.

Mental retardation occurs in one-third of childiargroups 1 and 4, less often in
the other two. Seizures occur in half of the clefdin groups 1 or 2, while the
incidence was lower in the other two. In very loistHweight children (500 —
1499 g) periventricular leukomalacia, and seconutliraventricular hemorrhage
are predictive of cerebral palsy and of functiooatcomé’. Among all CP
categories, abnormal cranial ultrasound is mosbngty associated with
hemiplegia, normal cranial ultrasounds with dipé&iln children with bilateral
spastic CP hypoperfusion in the thalamus or cel@bekemispheres is found.
Mildly decreased perfusion is associated with midlays in gross motor
development, while almost all children with sevesgoperfusion show severe

developmental deld;
Possible treatment and rehabilitation approaches

Clinicians dedicate considerable time and resourt®sards upper limb
rehabilitatioi”>. The management options are summarized in Tat8eahd
include different types of physiotherapy and octigoal therapy such as
neurodevelopmental therapy or motor learning; cotidel education; peripheral
splinting and casting; focal and generalized phaotrerapy (such as botulinum
toxin type A injections or intrathecal baclofenjidasurgery aimed at improving

upper limb function or reducing deformity
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Table 1.3.Treatment options for upper limb dysfunction inldten with cerebral

palsy

Behavioural and environmental treatments Physiather

Occupational therapy
Neurodevelopmental treatment

Motor learning

Conductive education

Strength training

Constrain Induced Movement therapy

Peripheral splinting & casting

Special seating

Electrophysical agents Neuromuscular Electricah8lation
EMG biofeedback
Pharmacological - focal Phenol
Botulinum Toxine A
Pharmacological — generalized spasticity Intratecal Baclofen
management
Surgery Selective dorsal Rhizotomy

These therapies are based on a variety of thearatanstructs, with different
treatment elements, although some overlap may b&tsteen therapies as well as
variation in the conterit

For most treatment approaches for upper limb dygfon in children with CP
there is a paucity of evidence. Growing evidence feand for the use of casting
combined with occupational therapy, as well as BIrX-A combined with
occupational therap§; although there were only a small number of trials
investigating these interventions, and some hayg serall samples. Many of the
effect sizes for individual treatments had wide foence intervals indicating a

variable response to therapy
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A large effect size was noted fdrotulinum toxin type A combined with
occupational therapy at 1 month, and this was partially maintained at 6
months*.

Behavioural therapiessuch as NDT and standard occupational therapyhaeg
small effects that appear to be enhanced by augm@mtwith additional
intervention (e.g. bivalved castd) Newer therapies such as BTX-A have a
greater magnitude of effect at 1 month, althoughrésults are not sustained to
the same level at 6 months follow-up. Further redess required to evaluate the
effects of combinations of treatments over longeret intervals, utilizing a
broader range of outcome meastite¥o date, no large randomized studies of
functional outcome have been completed with comspario placebo therapy or
'no’ occupational therapy. One difficulty is thdhieal considerations may not
permit such studies in young children with CP. Awotdifficulty is interpreting
the content of therapy as well as the intensitjvded across triafé

Two very detailed studies with a range of validabéfective outcome measures
evaluating the efficacy otonductive education (CE) programmes against
traditional NDT programmes of rehabilitation have been completed which
examine many aspects of function, including uppéreenity measuré§,

In two large studies, the effects sfandard occupational therapy on the
acquisition of fine motor skills and functional oames were studied over 1
year*. Attainment of visual motor skills were influencéxy the intensity of

sessions with play goals, fine motor skills wer8uenced by peer interaction,
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while play goals and functional outcomes were irficed by emphasis on self-
care activities.

The main generalized approaches (pharmacotheragysargery) to spasticity
management in children with CP arentinuous intrathecal baclofen (ITBY’
and selective dorsal rhizotomy (SDR&)The predominant effect is in the lower
limbs, however, anecdotal reports of higher plagaréthe ITB catheter tip have
suggested improvements in the upper limbs. Seveparts have documented a
reduction in spasticity with intrathecal baclofeeatment, but none has shown
improvements in range of motion in the upper limdossigns of improved
functional skills in comparative triafs

Prospective studies without control groups invediig the effects ofelective
dorsal rhizotomy surgery for the upper limbs have yielded equivaeallts®
Although there have been some subjective reportsmpirovements in arm
function and activities of daily living (ADL) in sall numbers of children with
CP, larger investigations have demonstrated onlgllsohanges in functional
performance. In more severely impaired childrerredhgas been one subjective
report of improved posture in the affected uppmiblias well as reduced arm pain.
The only study to compare continuous intrathecaldfan with selective dorsal
rhizotomy in matched pairs showed that upper lipdsscity improved with both
of these interventions, although this was not teied to improvements in the
performance of functional tasks such as reachiragping and dressifiy

A relatively new area of treatment for the uppentiin children with CP is

neuromuscular electrical stimulation (NMES) of antagonist muscles. In two
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case studies, positive improvements in bimanuadl ianction were reported. In a
larger study, improved functional outcomes were aestrated with combined
use of NMES and dynamic bracing. More recently, raepments in speed of
completion of functional tasks such as turning osends, stacking draughts and
placing objects in a container was demonstrateld WMES alon&®

A new approach is the use Bbtulin Toxin A (BTX-A) in the upper limb in
children with CP. Wall et al. were the first to cgpuse of BTX-A in the upper
limbs of five children with CP. Injection to the dettor pollicus was coupled
with rigid splinting and led to improvements in klaiunction (key grip, precision
grip), precision pinch, palmar grip and the perfante of bimanual tasks. These
functional improvements were carried over to effectuse of the hemiplegic
hand at school, home and play. BTX-A have been shtavbe effective in
reducing muscle stiffness using resonant frequ&ncy

Recent training studies in animals and in adult® Wwhve had a stroke suggest
that ‘forced use training' or 'constraint inducedvement therapy' may be more
effective than conventional upper limb treatmentisT group of cognitive
neurorehabilitation therapies has evolved to en@s®phe issues of ‘learned
nonuse'. The elements of constraint induced (CNament therapy are constraint
of the unaffected limb to encourage use of thectdfi limb, massed practice of
the affected limb, and use of intensive shapindinipes to train use of the
affected limb. The details of this new treatmenprapch are discussed in the

following paragrapft.
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In conclusion, management of the upper limb in dieih with CP is both
resource-intensive and costlyAs well as the healthcare costs, a heavy time
commitment is required from both the people with &1l their carers to ensure
that therapy goals are achieved and maintainedpii@ethe investment of time,
resources, personnel and funding, there remaireueity of randomized clinical
trials evaluating management optidhsThe interventions currently with the best
evidence are occupational therapy and serial gastithough outcomes of these
remain similar, with only small treatment effeciiere is also growing evidence
to support the use of BTX-A for reducing upper lirsjpasticity and improving
function in children with CP. The effects of BTX-#&e most evident during the
period of maximum chemodenervation, in the firs# 3xeeks after injection.
Intramuscular injection of BTX-A alone is not guai@ed to enable a child to use
the hemiplegic limb and it is recommended thatetused in conjunction with
physiotherapy and occupational therapy trainingp&splimb surgery aims to
correct deformity, improve cosmesis and improvecfiomal outcomes. These
outcomes with upper limb surgery may be of an oafenagnitude greater than
occupational therapy or BTX-A; however, no randogdior controlled trials have
been undertakéh

Effective use of the upper limb impacts on educati@utcomes, independence in
activities of daily living and vocational option®rf many children with CP.
Development of effective therapy regimes and evaloeof their efficacy with

randomized controlled trials therefore require irdiaee attentiotr.
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Constraint Induced Movement Therapy

The biological basis

Both CI therapy and forced use are based on eadranate unilateral
deafferentation studies. Monkeys were observedmote the deafferented limb
unless the intact limb was restrained, and thegtwed tasks using the involved
limb for to 2 weeks. The animals were also obsen&dg the deafferented limb
if movement of the limb was encouraged via shapendyehavioural training
technique in which a desired motor behaviour isreaghed in small steps by
successive approximations. As these monkeys regjdmectional use of the
deafferented limb following restraint or shapingheiques, lack of use of the
involved limb was considered a result of initialsuncessful attempts to use it.
Taub defined this behaviour dgarned non-use'and proposed that restraint of
the intact limb or use of shaping techniques wadrcome the learned non-use
and lead to increased "real-life" function in theolved limb. Further studies with
deafferented monkeys were conducted to delineatéettrned non-use and forced
use paradigms. Constraint of the less affected rugpéremity of monkeys
deafferented in uterus and at birth also showseas®d use of the deafferented
extremity, suggesting that learned non-use canrbeepted if the constraint is

applied early during development.
Influences on neural plasticity

Since CIMT has been shown to modify brain activégpecially in the affected
motor and premotor cortexes, and interconnectioms undamaged hemispheric

structures can be engaged, there is a need torexplechanisms through which
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CIMT can induce neuroplasticity. Further questionglve the possible presence
of neural substrates that impede movement initiadind whether these substrates
might be susceptible to modification with CIMT.

The perspective of Taub and coworkers is that fipdmehavioral retraining will
reduce basic impairments as more normal functioessored. Under the learned
nonuse paradigm, cortical or subcortical patholaffgcting motor output (as well
as reduced limb cortical representation) would lteaupoor function, even if the
potential for use existed. Frustration, fatigued a@eaching of compensatory
strategies (defined as learning to use the befperextremity in the interest of
time, convenience, and demonstration of abilitygvitably would produce
learned nonuse behavior and, consequently, litiigaiive to use the impaired
hand.

The additional factors supplied by Sunderland amtke® are referred to as
“compensatory learning”. This form of compensatien different from the
compensatory use of the better limb. Specificalmpensatory learning includes
behavioural factors, such as attention, motivatang perceived sense of effort,
that contribute to a patient’s reacquisition ofqu@ motor skills through attention,
motivation, effort, and control over motor outfldwom preserved or accessible
pathways. This new skill capability thus may fdeiie restoration of the cortical
representation of movement through task practi¢eréfore, this model would
suggest that overcoming learned non-use and imgroeenpensatory learning
both contribute to limb use after CIMT. One coulelddce that factors such as

attention and sense of effort are emergent behevithat are manifested during
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CIMT training. Although this behavioural linking cbncepts is indeed intriguing,
the model does call into question a fundamentateonabout whether all non-
use is indeed learned. Several factors are stillean, for example the variations
in neuronal synaptic behaviour (neuromodulatiotigrations in neurotransmitter
regulation, and the impact of previous behaviooreMement experience) on skill
reacquisition.

Recently, neuroimaging techniques, in particulae tfunctional Magnetic

Resonance Imaging (fMRI), have been used to stbhdycortical reorganization
following rehabilitation treatment and it openedwnepportunities to verify the

changes induced by different approaches. You afidagmed’ reported in an

hemiplegic child a shift in the functional MRI laddity index to the controlateral
hemisphere after virtual reality treatment with bimaal activities.

In a study carried out by Sutcliffe and colleadtiean hemiplegic child treated
with CIMT showed at fMRI bilateral sensorimotor igetion before and after

treatment and a shift in the laterality index frapsilateral to controlateral

hemisphere after therapy.

In CP children, cortical modifications usually ocda the very early phases both
in the affected and unaffected hemispheres. In spateents, the ipsilateral
corticospinal projections — normally transient € aot withdrawn, but persist and
they allow the patient to control the paretic hapsilaterally, while in other

patients the crossed projections are preservetiaiahiey can control their hand
with the affected hemisphere. In this second cé#se, sensorimotor loop is

preserved and seems to be crucial for effectiveormearning during CIMT.
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Some Authors have hypothesized that patients witfierdnt types of
corticospinal organization - whether the patierd &a ipsilateral or a controlateral
control of the affected limb - could respond diéfietly to CIMT. The results
suggest that CIMT can influence the time requiedxecute the task (e.g. Contra

group patients are faster that Ipsi group patiéntg)
Clinical evidence of efficacy in adults

Forced use and Constraint-Induced Movement Ther@dP§T) are recent
therapeutic interventions for individuals with h@hegia that involve restraint of
the non-involved upper extremity and intensive pcacwith the involved upper
extremity. Increasing evidence indicates that thassrventions are effective in
reducing motor deficits in the involved upper ertiy and increasing functional
independence in adults with hemiplegia resultimgfistroke.

Two early studies in adults with hemiplegia exarditige effects of forced use on
the involved upper extremity. Subsequent studiesluing adults following
stroke utilized restraint in addition to the shapitechnique as a clinical
intervention to examine changes in involved uppereeity function. Gradually
the intervention was refined and eventually tertemhstraint-induced movement
therapy”. Forced use and CI therapy involve restrand practice using the
involved upper extremity.

Although restraint is common to both techniques, tiypes of practice provided
during the restraint period are different. By dgifom, placing a restraint on the
non-involved upper extremity would result in praetiof the involved hand and

arm for any movement performed. The practice idrunogired, and the intensity
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of the practice is dependent on the individual \wepthe restraint. Constraint-
induced therapy, however, involves a structuredtpa period (typically 6 hours
in duration) that includes shaping and repetitagktpractice.

A recent review by Cochrane examining 19 RCTs 0@ &dults concluded that
CIMT has moderately positive effects on disability the end of treatmefit
These benefits were demonstrated on other outc@auels as improvement of
limb motor function and motor impairment. Patiewtso seem to benefit most are
those with active wrist and finger extension, witimited pain or spasticity.
Nonetheless, it is still to be cleared up if CIMTimtains efficacy in the longer
term follow-up and if the effect observed can begrely attributed to CIMT itself
rather than on the amount and quality of repetiteseercise.Repetitive task
practice involves functional tasks that are peridngontinuously over a specific
period, and overall feedback is provided at the @nitie task. Subsequent studies
of CI therapy examined the efficacy of this intertien for improving involved
upper extremity use with different types of resttaidifferent types of
intervention, different outcome measures, and iopfgewith chronic, acute, and
sub-acute stroke.

Neuroimaging and transcranial magnetic stimulatstudies of the brain prior to
and after Cl therapy have demonstrated differemcesrtical organization around
the infarct site after the intervention. These afiéhces led to hypotheses
regarding central nervous system (CNS) plasticitgdulthood and the role of CI

therapy in cortical reorganization. Overall, thesulées of these adult studies
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suggest that following stroke, Cl therapy and fdrase may be able to improve

upper extremity function.
Clinical evidence of efficacy in children

Recently, forced use and constraint-induced thehawe been applied to children
with hemiplegia, with moderate success. More thalf the studies to date are
case studies, however, and most of those remaamangmall-scale studies.

The aim consists of an attempt of reversing theawehnal suppression of
movement in the affected upper limb. According teeently published Cochrane
review', evidence on this treatment is very poor and &ditsince all currently
available trials reveal methodological limitatiommd a need for additional
research to support the application of this treatm€o date, three trials have
been published in the international literattfte*®:

The term CIMT describes an intervention that canapelied with numerous
variants with regard to: method of restraint, léngt restraint (per day, number of
weeks), type and duration of therapy, intervengomironment (home, school, or
clinic), and intervention provider (therapist, pateor teacher).

As extensively underlined in the recent Cochranéeré®, all currently available
trials in children differ significantly in terms ohethodological quality, sample
sizes, treatment and assessment tools. The fgsifisant variant regards the
method used to restrain the non-affected limb: Gatbrrange of techniques has

8% %9 short arm cast® and long arm

been used from a glove or rifitto sling
castd®. Secondly, treatment programs vary in intensitd @ypology, ranging

from 2 months of intervention 7 days per w&é&k2 hours per daf to twice
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weekly in 30 minute-sessions for 6 welRsMoreover, there is inconsistency in
the length of time the child's non-affected limlyastrained, varying from 6 hours
per day, all day® ' for a period of 10 day¥’, to two month¥>. Furthermore,
treatment programs range from no increase in reuticcupational therapy or
physiotherapyf® to eight hours of therapy per d4yalthough there is currently no
evidence that improvement is correlated to the tgpent wearing the restraint
during the treatment sessidh The treatment setting can either be the H§m#&
pre-schodi®, a day camy, the hospital or university clifle>® or a combination
of these environments. In general, all the settiohgscribed modulate differently
the role and type of intervention required fromeguas or caregivers. Nonetheless,
there is still insufficient support for the use afspecific device, technique or
progrant®®

Moreover, Taub & Woff suggested that the impact on CIMT outcomes is
probably related more to intensity of treatmengnttio the treatment principle
itself.

Although limited information is currently availablen this issue, children’s
response to treatment may also be influenced bydiggnosis, severity of motor
and sensory impairment, co-morbidities, presencel @ampact of mirror
movements, cognitive abilities and behatfibr®

The clinical significance of study results so farunclear also due to the lack of
valid and reliable tools to measure the outcomdjquearly the functional use of

the hemiplegic hand in bimanual ta¥ks'%
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In most cases for the comparison group no treatroenery basic treatment is
provided, leading to a possible overestimation he# surplus value of CIMT
(usually combined with an intensive rehabilitatiprogram) compared to other
treatment options. In our opinion, this comparistmes not allow to distinguish
the Constraint’s effects from those of intensivieatglitation and therefore assess
the real effectiveness of Constraint Therapy.

The last published randomized controlled tffataises the question of whether
similar intensive practices can be elicited withthe restraint and whether this
might result in even better functional results. sTHiypothesis was recently
supported by Gordon and colleagifeswho published a randomized trial
demonstrating that bimanual intensive treatmentltesn a better outcome if
compared to no treatment.

Nonetheless, results of currently available clihgtadies have poorly contributed
to estimate the effectiveness of CIMT in cerebrakyp, also due to small study
sample size resulting in inadequate power to detetistical difference between
the groups comparé&d.

In conclusion, presently the optimal ingredients soccessful CIMT practice are

not known.
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CHAPTER 2. AIMS OF THE THESIS PROJECT

In the light of the new advances in the under stapthe mechanisms of neural
plasticity, adaptation and reorganization of brstiuctures after injury, the thesis
project aims at exploring the possible new treatraed rehabilitation approaches
for the management of hemiplegic cerebral palsghitdren. In particular, the
safety and efficacy of a new treatment approacms@aint Induced Movement
Therapy has been studied and compared to a bimameaisive rehabilitation
approach and to traditional rehabilitation programs

All the researches presented hereby have been cmadwith 21 rehabilitation
centres belonging to a national network, i.e. tladidn Group of Cerebral Palsy
(Gruppo Italiano Paralisi Cerebrali Infanti}iG.l.P.C.I).

The Objectives of the project are:

1. to verify the efficacy and safety of Constraintuicdd Movement Therapy
for children aged 2-8 years affected by hemiplegiebral palsy on upper
limb function (set as primary endpoint);

2. to verify the persistence in time of the effects @bnstraint Induced
Movement Therapy for children aged 2-8 years adigéddy hemiplegic
cerebral palsy;

3. to compare the efficacy of this new rehabilitatiapproach with a
bimanual intensive rehabilitation program and withe traditional
rehabilitation programs currently provided in thilibn rehabilitation

centres for children affected by hemiplegic cerkpadsy;



4. to study the influence of secondary outcome meassueh as gross motor
function, cognitive level, behaviour, familial séeeon treatments overall
effect;

5. to study consistency, reliability and agreement mgnassessors of the
primary outcome measure (i.e. the upper limb fumjtiutilizing both
validated and non validated assessment tools;

6. to explore the opinions of professionals involvedtie clinical trial on the
need, role and aims of conducting clinical reseanatehabilitation and in

local health services.
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CHAPTER 3. THESIS RESULTS AND PROJECT PLAN

During the three-year period the clinical trial Hasen projected, designed and
implemented.

In Chapter 4 of this thesis, the planning phase will be illagtid showing the
final project.

The subsequent chapters represent the resulte dhéisis and are constituted by
the collection of papers that have been producedgithe three years of the PhD
Program, utilizing the data deriving from the resbgroject shown in Chapter 4.
In particular, inChapter 5, the methodological choices and the drawing of the
study design are illustrated. Discussion on thesibbes options of different study
designs have been illustrated, also taking intooaet the organizational
characteristics of the rehabilitation servicespanticular those participating to the
research project. These results have been publishéte American Journal of
Physical Medicine and Rehabilitatiom 2009 (Facchin P, Rosa Rizzotto M,
Turconi AC, Pagliano E, Fazzi E, Stortini M, FedriZ, GIPCI Study Group.
Multi-Site Trial on Efficacy of Constraint Induce®lovement Therapy in
Children with Hemiplegia: Study Design and Methadpyl. Am J Phys Med
Rehabil. 2009;88(3):216-30).

In Chapter 6, we illustrated the process of the agreement plaseng
professionals involved in the research project ndigg the primary outcome
measures. Two scales have been considered andbameused by assessors the

evaluate 44 children videotaped. The results of thnhalysis have been
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subsequently used to estimate the level of agreemmong assessors and the
factor influencing their evaluation. This materiabs been submitted for
publication in the international journBhysical Therapy.

In Chapter 7, the results of the immediate post-treatment @lveil be shown
and discussed, comparing the results regardingrinery endpoint and outcome
measures with those of the available researchesudirrently published in the
international literature. This paper is currentlydar revision in theAmerican
Journal of Physical Medicine and Rehabilitation.

Chapter 8 is composed by the main results of the 3-montte-afeatment
follow-up assessment. The primary outcome measwittsbe described and
analyzed in the light of secondary outcome measurbese results have been
submitted to the international journd@evelopmental Medicine and Child
Neurology

Finally, in Chapter 9, the results of a survey are presented regartim@pinions
of professionals on the advantages/disadvantagearofing out research projects
in the rehabilitation services. The survey was cated with a self-administered
questionnaire developed ad hoc, with the professsomvolved in the clinical
trial. This survey is currently in press in tlgropean Journal of Physical

Therapy and Rehabilitation.
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CHAPTER 4. PLANNING A CLINICAL TRIAL

THE PROJECT

This chapter includes the final version of the agsk project as it was accepted

and approved by the ethical committee of the padtog centres.

PROGETTO DIRICERCA

CONSTRAINT THERAPY NELLA FORMA EMIPLEGICA DI
PARALISI CEREBRALE INFANTILE

SPERIMENTAZIONE SULLA EFFICACIA E SICUREZZA DEL TRATTAMENTO

Razionale
Molti sono ancora oggi i punti critici intorno allearalisi cerebrali, in

particolar modo per quanto concerne gli aspetbtiogenetici, I'inquadramento
clinico, la classificazione, le storie naturali,cecCertamente i quesiti intorno
all'efficacia e alla struttura stessa dei trattatheono quelli di massimo interesse
e per i quali le evidenze scientifiche paiono esgan povere e discusse.

Relativamente recentemente sono apparsi in lafteralapprima segnalazioni

é8, 59, 6C'J iﬁl, 62, 63,64

singol poi trial clinic SuU un NUOVO approccio terapeutico per i

pazienti emiplegici, basato sulla costrizione avimento dell’arto superiore non
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plegico. Questo trattamento trova delle basi biclog che derivano da studi
sull'animale condotti a partire dagli anni '70 €°8 ®© che dimostravano che in
primati arti superiori deafferentati attraverso uizatomia dorsale non venivano
piu utilizzati per il movimento, potendo per0 oie®m un loro riutilizzo

obbligando I'animale ad un loro uso forzato. Dalquemento si e sviluppata la

teoria dellapprendimento al non u$6"®® chiamata in causa per spiegare il non
uso dell’arto superiore plegico in pazienti adatin stroke. Piu recentemente altri
ricercator?® hanno dimostrato sperimentalmente nell’animale eol@ aree
lesionate dopo stroke siano passibili di un rima@magento plastico in seguito a
una riabilitazione precoce comprendente movimeotpato dell’arto plegico. Su
queste basi é stata introdotta la terapia basdtaeuimento forzato dell’arto
plegico ottenuta grazie alla costrizione dell'anormale. Gli studi sopra citati
hanno le caratteristiche di prevedere trattamentigmpi relativamente brevi (2 o
4 settimane), di dimostrare netti miglioramentil'neb dell’arto plegico nei
pazienti trattati e di riguardare unicamente adualfase cronica dopo una lesione
cerebrale da stroke. L'impressione diffusa di usale efficacia del trattamento
associata alla relativa facilita nel metterlo inoaé limitata durata temporale
richiesta hanno fatto si che l'utilizzo di questattamento si diffondesse nella
pratica clinica con una velocita ed estensioneproporzionata alla solidita delle
evidenze scientifiche a disposizione. Solo receatden € partito un trial
randomizzato della Societa Americana di Neurorit#ziione con una potenza

sufficiente per valutare in maniera adeguata beffia di questo trattamento nei

pazienti adulti con stroke. Le considerazioni metodiche alla base del disegno
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sperimentale sono apparse recentemente in lett@fae dimostrano come la
valutazione reale dell’efficacia del trattamentohreda un arruolamento di un
numero ben superiore a 200 pazienti. Oltre allaarosita dei pazienti arruolati,
altri punti critici nel compiere tali sperimentamio riguardano la misura
dell'outcome, la definizione del trattamento spemtato, in particolare la sua
durata e tipologia di costrizione dell’arto nongtm®, la tipologia del trattamento
a confronto, ivi comprese le modalita e le scadeledrattamenti di controllo.
Nonostante queste notevoli incertezze, la terapsérittiva e stata usata anche per
il trattamento di bambini emiplegici. Dapprima sostati riportati in letteratura
singoli casi clinici® "2 poi sono stati riprodotti due trial clinfdi *, tutti
concordemente riportanti efficacia del trattamenttrial riferiti hanno peraltro
una consistenza numerica estremamente bassa (&b casi rispettivamente),
utilizzano scale di valutazione differenti e tratenti a confronto diversi. In
particolare, il trattamento costrittivo utilizzagodifferente per tipologia, tempo di
utilizzo nella giornata e durata in settimane ditamento. Anche il movimento
forzato dell’arto plegico e stimolato diversamentei due trial. Infine, Il
trattamento a confronto é definito come normaléamaento in un caso e nessun
trattamento nell’altro. Si pud quindi concludereecla forza delle evidenze
scientifiche attualmente a disposizione e alquamidesta.

Accanto a questi elementi di incertezza sussistategli elementi di
preoccupazione, che riguardano I'outcome a distal@zdambini trattati. | trial
sopra descritti fanno un controllo di risultato anési dalla fine del trattamento,

dimostrando la permanenza di un outcome piu positigi trattati rispetto agli
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altri, a dimostrazione di una stabilita dei ristiltattenuti. Queste evidenze
unitamente alla relativa facilita e brevita delttienento lo rendono certamente
molto appettibile e giustificano la sua estensioaka pratica clinica, nonostante
non siano disponibili a tutt'ora evidenze clinichefficientemente probarij e
siano anzi stati condotti studi sperimentali chenaltrano la sua possibile
pericolosita a distanza. Molto recentemente, infatno stati condotti studi
sperimentali sull’'animale che hanno dimostrato leheestrizione forzata dell’'uso
dell'arto non plegico determina un’alterazione #tmale della connessione del
sistema nervoso centrale con i neuroni spinaliu¢eddo un rimaneggiamento
delle interazioni sinaptiche che tende a rimanembile nel temp8. Cid
indurrebbe secondo gli stessi Autori una menomaziatell'arto normale
permanente nel tempo. Accanto a questi sospetthiridel trattamento sono
ipotizzabili degli interrogativi sull’impatto chesso avrebbe nell'intero sviluppo
del bambino a distanza, in particolar modo per tpuattiene lo schema corporeo
e la capacita di lateralizzazione con le loro caagé ricadute nel loro sviluppo
globale e nelle performance a distanza, tra cuiegempio I'apprendimento e le
abilita di lettura e scrittura. Infatti, se il tramnento e sufficientemente efficace da
determinare un risultato persistente nel tempossipe che il rimaneggiamento
plastico determinato dalla costrizione dell’arton@anelle zone controlaterali
cerebrali possano essere altrettanto stabili ngboe

In conclusione, allo stato attuale delle conoscer@esi possono assumere delle
decisioni sufficientemente supportate scientificateela constraint-therapy puo

apparire un trattamento promettente, ma necessit@ngente di studi clinici
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3.

controllati pit consistenti degli attuali e followg dell'outcome a medio e lungo
termine pitl complessivo e indagante diversi assitlippd’.
Obiettivi
Obiettivo principale del presente progetto di ragee verificare I'efficacia sulla
performance motoria dell’arto superiore plegico di@oint principale) del
trattamento di constraint therapy in confronto adaiiro trattamento di controllo
senza costrizione, analogamente intensivo. L'effecasara misurata al termine
della terapia e a 3, 6 e 12 mesi. Essa verra niégsgia come outcome motorio
dell'arto plegico e delle performance motorie coesgive del bambino, sia come
outcome cognitivo e comportamentale,
Tenendo in considerazione le osservazioni rifarge paragrafo precedente, con
lo stesso protocollo sperimentale si intendononette informazioni riguardo agli
altri punti definiti come critici rispetto allo gta attuale delle conoscenze.
Obiettivi secondari dello studio sono:

la valutazione di due strumenti per la misuraziate#’outcome motorio
dell'arto plegico, in particolare utilizzando siaauscala di misura italiana (scala
Bestd®), caratterizzata dalla capacita di rilevare lazfane mono- e bi-manuale
in condizioni di attivita e di gioco spontanee, si@ frequentemente utilizzata in
letteratura come la QUEST

la valutazione delle correlazioni interne agli ite@mponenti ciascuna scala
oggetto di studio, al fine di ottenere degli elethsmtetici che approssimino la
valutazione dell'intera scala e il confronto traegti elementi sintetici,

la valutazione della concordanza inter-osservatete scale studiate,
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4.

la valutazione del gradimento e dell’eventualesstfamiliare legati ai diversi
trattamenti.
Materiali e metodi
Il progetto € coordinato dall’Unita di Epidemiolage medicina di Comunita del
Dipartimento di pediatria dell’Universita di Padou@®esponsabile Prof.ssa
Facchin).
23 Centri italiani facenti parte del Gruppo ltaliano Paralisi Cerkbnanno
aderito alla proposta di studio sperimentale. Garigtiche per I'arruolamento dei
soggetti sono le seguenti:
1. eta compresatral e 8 anni;
2. diagnosi di paralisi cerebrale, supportata da eteimenamnestici e clinici,
oltre che da documentazione neuroradiologica;
3. forma clinica di emiplegia;
4. non essere mai stati in precedenza sottopostapiéecostrittive.
Differente gravita clinica o presenza di patologpanesse alla paralisi cerebrale o
comorbidita non costituiscono causa di esclusiaiBadruolamento, ma vengono
a descrivere I'ambito di variabilita clinica dateqorre alla terapia sperimentale.
Tutti i pazienti arruolabili, dopo che i genitorvranno ricevuto una specifica e
dettagliata informazione e avranno espresso pernittascil loro consenso
informato, verranno immessi in 2 gruppi differedii trattamento, in seguito

definiti come Gruppo A — sperimentale e Gruppo &#trollo.

! Bergamo, Bosisio Parini (LC), Casalmaggiore, Conegli@ve di Soligo, Cremona, Milano, Genova,
Istituto Besta (M), Ostuni, Padova, Pavia, Treviddine, Varese, Vicenza, Lecco, Torino, Venezianki
AIAS (M), Viterbo, Bambin Gesu (Roma)
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Il Gruppo A verra sottoposto a un trattamento corata con terapia costrittiva e
terapia intensiva di supporto all’apprendimento anot secondo gli schemi
seguenti:

terapia costrittiva: I'arto “sano” verra trattenuéon uno split in materiale
termoplastico che coinvolga la mano — polso - avagtio, ma che lasci libera la
spalla, fissato con una fasciatura. Questa costigziverra posta in atto per 3 ore
al giorno per 7 giorni alla settimana per 10 sedtign

riabilitazione intensiva: durante le settimane dstdzione il bambino sara
sottoposto a una terapia intensiva di supportoagfendimento motorio,
costituita da: 3 accessi per settimana pressontr@eli riferimento con attivita
suddivisa in un’ora e mezza di terapia individualgeguita da un’ora e mezza di
attivita guidata con genitore, attivita legata &cg o ad azioni comunemente
svolte nella vita quotidiana come fare merenda, éccparticolare, verranno
svolte attivita di esplorazione multimodale, atévi motorie grossolane,
comprendente le prassie semplici che implican@dlutamento e il direzionare
I'arto e il raggiungere I'oggetto, attivita di maita fine, comprendenti la presa e
manipolazione mono-manuale e la singolarizzaziom#le ddita, attivita di
equilibrio, sostegno e difesa posturo-cineticardohé attivita di autonomia nella
vita quotidiana, come cura della persona ed aliamome. La tabella allegata
riporta lo schema analitico delle attivita prevjste

trattamento a domicilio: 4 volte la settimana @rgi in cui non c’e attivita

presso i Centri) il bambino dovra svolgere a dolwiain’ora e mezza di attivita
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simile a quella che svolge presso i Centri e unéoraezza di gioco e attivita della
vita quotidiana secondo le prassi e gli schemicatilial punto 2.

I Gruppo B verra sottoposto solo al trattamento ridibilitazione intensiva
secondo quanto indicato ai punti 2 e 3 sopra dés@ggiungendo alle attivita
mono-manuali quelle analogamente condotte bi-mamertie, con particolare
riguardo alle prassie semplici e complesse, alkvitat di esplorazione e
manipolazione.

L’assegnazione ai trattamenti verra effettuataasebal Centro di reclutamento.
Poiché risulta complesso e concretamente pocdifatiiassegnamento casuale
semplice del trattamento ad ogni soggetto, essérmtpentemente i bambini
emiplegici coinvolti in attivita riabilitative di myppo all'interno dello stesso
Centro, si e preferito utilizzare i Centri comestlr intermedi e i soggetti come
unita statistica finale. Per tale motivo, per o@entro verra predefinito il
trattamento da effettuare e all'interno di tale Cenutti i soggetti arruolati
attueranno lo stesso tipo di trattamento. L’eveetulsstorsione sul risultato data
dall’'effetto Centro verra valutata e corretta indesedi analisi dei dati. La
randomizzazione dei trattamenti per Centro terratacadel numero dei casi
ipoteticamente reclutabili da ognuno di essi.

Il trattamento verra sospeso solo qualora il bamhiimostri di non tollerare in
maniera assoluta la costrizione proposta e/o itgemon seguano con sufficiente
compliance i trattamenti domiciliari e/o pressoeni.

Per ogni soggetto reclutato per il trattamentoilp8ruppo A o B prima di iniziare

tali trattamenti verranno eseguite le seguentitazioni:
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raccolta di dati anamnestici e clinici indicantitre che i principali dati anagrafici, il
livello di gravita di compromissione motoria, laepenza di disabilita aggiuntive
e/o patologie completanti il quadro di comorbiditanplessivo;

esame obiettivo e neurologico completo, comprerdamiche la valutazione della
stereognosi e dello schema corporeo, attraverdaest della Figura Umana a
partire dai 4 anni;

valutazione delle abilita motorie globali con Gross Motor Function Measure
(GMFM)®

scala di sviluppo o valutazione di livello con leak Griffith® fino ai 5 anni e
successivamente con le scalechsler(Wippsf? fino a 7 anni eWisch-#®
successivamente);

valutazione della funzionalita dell'arto superi@ttraverso la scal@uality of Upper
Estremity Skills TeSQUEST) e la scala Best

scala di stress familiarePérenting Stress Ind&y e scala delle autonomie redatta
dall’lstituto Besta e compilata da parte dei gemito
Successivamente alla fine del trattamento e a 3126mesi dal suo termine
verranno svolte le seguenti valutazioni:

1. esame obiettivo e neurologico completo, compremdanthe la valutazione
della sterognosi e dello schema corporeo, attraviérBest della Figura Umana a
partire dai 4 anni;

2. valutazione delle abilita motorie globali con f{aross Motor Function

Measure(GMFM)®:
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a 12 mesi dalla fine del trattamento, scala diupyb o valutazione di livello
con la scalaGriffith fino ai 5 anni e successivamente con le sWdéhsle?,
Wippsf? fino a 7 anni &Visch-Rsuccessivamente;

valutazione della funzionalita dell’arto superi@ttraverso la scalQuality of
Upper Estremity Skills TeQUEST)® e la scala Bestd

scala delle autonomie redatta dall’lstituto Bestzoenpilata da parte dei
genitori;

scala di valutazione del comportamento del bambf@hild Behavior
Checklist).

Alla fine del trattamento viene inoltre valutatgradimento alla terapia attraverso
un questionario appositamente apprestato e la dcateess familiare.

In tutte le scadenze di valutazione (all'inizio ldine del trattamento, e a 3, 6,
12 mesi) verranno effettuate videoregistrazioniosdo un protocollo standard
(protocollo GIPCI) riguardante l'applicazione deleale QUEST e Besta per
I'arto superiore.

Durante tutto il periodo di trattamento ogni centrganizzera delle riunioni
settimanali per monitorare le attivita domiciliaricorso, rispondere a domande e
perplessita o difficolta esposte dai genitori e pgufare le attivita che essi
dovranno svolgere con il bambino. A tale riguardwra anche predisposta una
tabella pratica e concreta che elenchera posgitnfposte di attivita riabilitative
da svolgere a domicilio per facilitare il lavora dgenitori.

Fasi etempi dellaricerca
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La ricerca si articolera in 4 fasi, 2 preliminarepedenti I'attuazione della vera e
propria sperimentazione clinica, la terza di speritazione e la quarta di follow-
up e valutazione dell’outcome.

La prima fase preliminare consiste nell'inventadiei casi di paralisi cerebrale
forma emiplegica gia seguiti dai Centri coinvolllo studio e teoricamente
disponibili per I'arruolamento. Per ciascuno desicgerranno raccolti una serie di
informazioni quali dati anagrafici, I'anamnesi, gaavita motoria e patologie e
disabilita associate. Obiettivo di questa fase ealdéinizione della variabilita
clinica presumibilmente interna alla casistica utadbile e lo studio della
distribuzione del numero e della tipologia dei cpsr Centro, preliminari alla
randomizzazione dei trattamenti.

La seconda fase preliminare comprende la formazimgti operatori dei Centri
agli strumenti di valutazione ed ai trattamentbfiigativi intensivi oltre che allo
studio della concordanza intra-operatori per quaatibene le due scale di
misurazione della funzione degli arti superiori. faamazione degli operatori
avverra attraverso due metodologie differenziateptima riguarda la formazione
all'uso delle scale QUEST e Besta e consisteraaratiuazione di piu riunioni
seminariali nelle quali verranno presentate edtithte le due scale ed il loro uso,
anche attraverso la visione ed il commento congiutit casi videoregistrati.
Successivamente le videoregistrazioni di 3 nuosi par ciascuna scala verranno
inviate ad ogni centro assieme ai formulari gia poat per ciascun caso. Cio
permettera ad ogni operatore di sperimentare le shade e di autovalutarsi.

Successivamente, la videoregistrazione di un queakno per ogni scala sara
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ugualmente inviata e permettera una valutazionenama di ogni operatore
coinvolto. Questa valutazione sara confrontataresteente rispetto ad un gold
standard inizialmente non noto all'operatore.

Per quanto attiene invece la formazione alle &dtivdi riabilitazione, verra
predisposto un gruppo di lavoro di terapisti pragah dai Centri coinvolti che
avra il compito di standardizzare proposte di aéjvprocedure, materiali e
contesto, oltre che di stendere lo schema a tatieltaonsegnare ai genitori.
Infine, si procedera allo studio della concordaimgar-operatore. Ogni Centro
effettuera 2 videoregistrazioni di 2 differenti casedisposti per la valutazione
delle scale QUEST e Besta e inviera tali videoteggsoni a tutti gli altri centri
senza alcuno schema di valutazione allegato.

Le valutazione di scala compilate da tutti i cemgziranno elaborate analizzando
sia la concordanza totale, sia le concordanze decrito del fattore Centro e del
fattore bambino.

La terza fase consistera nella sperimentazione gepaopria dei trattamenti.
Ciascun caso verra arruolato nel trattamento dgdgy A o del gruppo B in base
a quanto indicato dal centro coordinatore. |l &naénto verra condotto secondo
gli schemi descritti nella sezione di Materiali etddi.

Il reclutamento dei casi avverra tra quelli inveiat nella prima fase preliminare
e che avranno espresso adesione dopo consensoatdoe continuera per tutto il
periodo dell'attuazione dei trattamenti sperimen@munque non si concludera

prima di aver raggiunto il numero di casi predéfine descritto nella sezione
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Analisi Statistica, stimato in circa 1 anno. Atmmehte la casistica reclutabile é
pari a 118 casi.

La quarta fase consistera nella valutazione détafia e in parte sara
temporalmente sovrapposta alla fase di sperimemtazi Iniziera prima
dell'attuazione vera e propria dei trattamenti ¢@rvalutazione delle condizioni
pre-trattamento e continuera con i tempi e i modidati nella sezione Materiali e
Metodi fino a che saranno trascorsi i 12 mesi daflaclusione del trattamento
dell’'ultimo caso arruolato.

Analis Statistica

Analisi della concordanza inter-osservatore e vahidne delle scale QUEST e
Besta

Poiché le scale di misura prese in considerazi@melucono a punteggi su una
scala continua, verra utilizzato, ai fini della cordanza, I'usuale coefficiente
campionario di correlazione intracla¥eoltre che modelli a componenti della
varianz&’, che stimano il coefficiente di correlazione ictesse come
complemento a 1 della quota di varianza spiegata.

Recentemente sono stati sviluppati modelli, bamatimetodo delle equazioni di
stima generalizzal® che consentono di valutare la concordanza inepzs di
covariate dei casi e/o dei valutafori®

A seguito di analisi preliminari dei dati, si fgsarcio ricorso anche a questi ultimi
metodi.

Con criteri del tutto analoghi si procedera all'lisialell’esistenza di un effetto

“Centro”, grazie alla disponibilita di due misuraai, per caso, in ogni Centro. In
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tal caso le misure che potranno essere prese gidayazione saranno i valori

medi per Centro (qualora I'effetto valutatore nansgnificativo).

Le procedure sopra descritte saranno attivate era rderimento alla scala
“Besta”, sia con riferimento alla scala QUEST.

Una volta definita la variabilita di valutazionetgli osservatori, verranno anche
studiati i rapporti tra i vari item all'interno diascuna scala e tra le due scale
QUEST e Besta.

Trattandosi di punteggi, I'analisi statistica eegfifiata mediante il coefficiente di
correlazione di Pearson, calcolato sui punteggiptessivi, e, quando possibile,
per aree tematiche. Fra le due scale considelate, ad esempio possibile per la
parte relativa alla prensione.

Effettuate quindi dapprima la valutazione dellaiafailita di misura delle scale e
poi la coerenza di giudizio tra le due scale entaridipendenza interna a ciascuna
scala tra i vari item analizzati, si passera swgieamente alla valutazione esterna
delle scale di misura tramite un osservatore indipate che andra ad analizzare
le videoregistrazioni effettuate in un campionepdzienti selezionati per ogni
Centro. Questa valutazione esterna, ritenuta dgaltlard, consentira di avere una
stima dell'eventuale distorsione nella valutaziaheefficacia dei trattamenti

prodotta da ciascun Centro e all'interno dei Ceaf#trciascun osservatore.

Stima del numero di casi necessari e confrontdaelilacia dei trattamenti

Siano:
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7= (punteggioottenutoal terminedellaterapiaintensiva) (punteggigorimadellaterapia)
' (punteggigprimadellaterapia)

_ (punteggioottenutoal terminedellaCIMT) - (punteggigorimadellaterapia)
emt (punteggicprimadellaterapia)

Al fine di determinare il numero di casi necessaat il disegno sperimentale, e
necessario definif&
Una stima di7;
la soglia minima richiesta di differenza signifivat fra le probabilita di
miglioramento relative ai due trattamenti, ovvere I[1gm;—I1;.
Ad esempioA=0,3 significa che si richiede che il disegno gpertale evidenzi
come significative percentuali di miglioramento ldeCIMT rispetto alla terapia
intensiva di almeno il 30%. Ovviamente, maggidreichiede siaA, e minore
sara la numerosita necessaria a evidenziarla cgmiéicativa.
la potenza del test (1}, ovvero la probabilita di affermare correttamecie
la differenzaA esiste in misura non inferiore alla soglia consitie Generalmente
la potenza del test viene posta pari all’80-90%
I'errore di primo tipo ), ovvero la probabilita di dichiarare erroneamestie
la differenza e significativa, quando invece norld/iene usualmente posto pari

al 5%.

Sulla base degli esiti degli incontri svolti coreferenti di tutti i Centri, le scelte

effettuate sono:
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11,= 0,15

A =0,30
1- = 0,90
a=0,05

da cui si ricava una numerosita per gruppo pa# edsi.

La numerosita di base necessaria € dunque par8 ad$l. Dovendo prevedere
una quota di drop-out fisiologico, stimata nel 10&numerosita complessiva si
assesta su circa 118 casi.

Il confronto fra l'efficacia del trattamento intews e della CIMT sara in prima
battuta effettuato mediante l'usuale test T per mam indipendenti,
considerando come parametro da porre a confrontiiffexrenza fra il punteggio
ottenuto con la scala di misura dopo la terapiairagdella terapia. L’ipotesi da
testare € quindi:

Ai = Acimt  contro Ai < Acimt

dove:

Ai = (punteggio ottenuto al termine della terapitemsiva) — (punteggio prima
della terapia)

Acimt = (punteggio ottenuto al termine della CIMT)(punteggio prima della
terapia)

Questo metodo potrebbe rivelarsi non sufficienée,due motivi:

1. diversi fattori, oltre al trattamento, potrebieinfluenzare I'esito (ad
esempio I'eta del caso)

2. i dati sono in realta correlati entro clustdernitificati dal Centro.
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Per poter tenete in considerazione questi duerifatioa necessario procedere con
metodi statistici appropriati. Il riferimento € aiodelli di regressione per dati
correlati entro cluster, le cui procedure di stshhasano sulle gia citate equazioni

di stima generalizzate.

Grazie a tale approccio sara possibile stimarefefief dei due trattamenti
contestualmente alla presenza di altri fattori, alutare anche la loro
significativita. Inoltre, le stime sono piu accwatl tenere in considerazione la
correlazione entro cluster porta infatti a stimdfedenti delle varianze dei

parametri e, di conseguenza, degli intervalli diftenza e della significativita.
Risorse umane ed economiche

Tutti i Centri partecipanti offrono il loro conttilbo, mettendo a disposizione del

personale esperto per I'espletamento di tuttedied@l progetto.

E previsto un impegno economico aggiuntivo, asatcurdalla Fondazione
Mariani, per I'attivita di coordinamento delle varfiasi del progetto, di raccolta e
analisi dei dati, di studio della concordanza dstlale e valutazione degli effetti
dei trattamenti. Questa attivita e stata assegib@sservatorio della Patologia in

Eta Pediatrica della Regione Veneto, coordinattagabf.ssa Paola Facchin.
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CHAPTER 5. A CLINICAL TRIAL IN THE FIELD OF
REHABILITATION

METHODOLOGICAL CONSIDERATIONS

This paper was published in tAenerican Journal of Physical Medicine and
Rehabilitation and outlines the main methodological critical aspencountered

design the clinical trial on CIMT.
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Abstract

In the last decades, several treatment approacvesieen used to improve upper
limb function in hemiplegic CP. Only recently hasrStraint Induced Movement
Therapy (CIMT) emerged as a treatment approaclthddren with hemiplegic
CP with the aim of reversing the behavioral suppoes of movement in the
affected upper limb.

To date, evidence on this treatment has been veoy and limited, since all
currently available trials reveal methodologicamitations and a need for
additional research to support the applicationhi$ treatment technique. This
paper presents the methodological choices, designrain characteristics of an
ongoing controlled clinical trial on the effectivess and safety of CIMT
combined with an intensive rehabilitation prograamnd compared with 2
comparison groups: one treated with an intensibabiitation program and the
other with standard treatment. 21 rehabilitatiotessiare currently recruiting
patients with hemiplegic cerebral palsy, aged betw2 and 8 years, who have
never undergone constraint therapy. Primary outcormeasures include 2 major
domains: UE motor ability (QUEST) and hand functiassessment evaluating
both grip function and spontaneous use of the wtecside (Besta Scale).
Secondary outcome measures concern overall fundigimvior, compliance and
satisfaction with treatment program of both chifdldamily. Patients’ follow-up
is of 12 months after treatment.

Key Words: Hemiplegia, Cerebral Palsy, Constraint Induced &woent Therapy,

Outcomes
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Background

Hemiplegic cerebral palsy (CP) is the most commardsome in children born at
term, and it is second in frequency only to dipdeigi preterm infants. In Italy, the
incidence rate 0.3-0.5/1000 newbofn¥’

Although almost all hemiplegic children achieve epdndent walking, impaired
arm and hand function are the main problems in &balf of affected childretf,
particularly with regard to bimanual fine motoriaity and reduced motor ability
with increasing age. These factors contribute &aldility in activities of daily
living (ADL) and everyday functional activiti&s

During the past decade, considerable effort has deeoted to establishing novel
approaches to overcome children’s impairments amdpcomised ability to use
their upper extremities to control and manipulatirtenvironmenif.

Several Authors suggested that hemiplegic chiltlesam to disregard the affected
arm and tend to use their non-affected arm as tdmirchnt hand, even when
functional loss is milf. The termdevelopmental disregardias introduced to
describe all hemiplegic children disregarding asathing not to use the affected
limb during their developmental motor function. $tduggestion was confirmed
by a follow-up study of functional outcome carriedt on hemiplegic children,
whose results showed that hand function was betteequest rather than during
spontaneous use in bilateral manipulation

Several treatment approaches have been used tovenppper limb function in

hemiplegic CP. A review conducted by B&Ydlisted different treatment
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modalities such as splinting, passive stretchingasscity medication with
Baclofen and with Botulin Toxin A, and surgery.

More recently, a novel approach — Constraint Indudédovement Therapy
(CIMT) - based on the behavioral research conduwaii¢ll non-human primates
by Tauli® in the 1980s - has been proposed. This theramhies restraint of the
non-affected arm to encourage performance of tleetaptasks with the affected
arm, which children normally tend to disregard. GI¥as been used in several
studies with adult populations presenting with eféint acquired conditions such
as stroke, traumatic brain injury, and focal harystania®. The results of the
EXCITE trial, recently published show significantgrger improvements in the
group of patient undergoing CIMT both immediatefieatreatment and after 12
months. The improvement regards quality and spéguhietic limb movement

and amount of paretic arm use in ABL
Evidence of Constraint Therapy in children

Only recently has CIMT emerged as a treatment fiddieen with hemiplegic CP
with the aim of reversing the behavioral suppressibmovement in the affected
upper limb. According to a recently published Cacter revied”’, evidence on
this treatment is very poor and limited, sincealirently available trials reveal
methodological limitations and a need for additionesearch to support the
application of this treatment. To date, three $riahve been published in the

international literature whose main characterissies summarized in Table 5%

102,
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The term CIMT describes an intervention that canapelied with numerous
variants with regard to: method of restraint, léngt restraint (per day, number of
weeks), type and duration of therapy, intervengomironment (home, school, or
clinic), and intervention provider (therapist, pateor teacher).

As extensively underlined in the recent Cochranéeré®, all currently available
trials differ significantly in terms of methodolagil quality, sample sizes,
treatment and assessment tools. The first signifigariant regards the method
used to restrain the non-affected limb: a broageansf techniques has been used

$04.10% short arm cast® and long arm casty.

from a glove or mit?® to sling
Secondly, treatment programs vary in intensity &ublogy, ranging from 2
months of intervention 7 days per w&&k2 hours per daf? to twice weekly in
30 minute-sessions for 6 weé¥s Moreover, there is inconsistency in the length
of time the child's non-affected limb is restrainedrying from 6 hours per day,
all day *°® 7 for a period of 10 day¥’, to two month¥*. Furthermore, treatment
programs range from no increase in routine occapali therapy or
physiotherap}® to eight hours of therapy per d&% although there is currently
no evidence that improvement is correlated to ithe spent wearing the restraint
during the treatment sessifh The treatment setting can either be the H8me
10 nre-schodf® a day camid’, the hospital or university climit® *2or a
combination of these environments. In generattha&lsettings described modulate
differently the role and type of intervention reeu from parents or caregivers.

Nonetheless, there is still insufficient suppont the use of a specific device,

technique or progratf".

75



To date, treatment principles have been based ordifferent approaches, which
vary according to the professionals involt®don one hand, psychologists utilize
the operant movement conditiontfiy '° and on the other, occupational
therapists and physiotherapists adopt a motor ilegrand motor control
approach, practicing repeatedly highly motivatingks®. This difference could
be another variant of CIMT, although Taub & Wblfsuggested that the impact
on CIMT outcomes is probably related more to initgnsf treatment, than to the
treatment principle itself.

Although limited information is currently availablen this issue, children’s
response to treatment may also be influenced bydiggnosis, severity of motor
and sensory impairment, co-morbidities, presencel @mpact of mirror
movements, cognitive abilities and behatfibr®

The clinical significance of study results so farunclear also due to the lack of
valid and reliable tools to measure the outcomdjquearly the functional use of
the hemiplegic hand in bimanual ta¥ks'%

Another crucial point to be taken into considematicegards the treatment
provided to comparison groups. In most cases natnrent or very basic
treatment is provided, leading to a possible owemnagion of the surplus value of
CIMT (usually combined with an intensive rehabtiba program) compared to
other treatment options. In our opinion, this congmn does not allow to
distinguish the Constraint’'s effects from thoseimtensive rehabilitation and

therefore assess the real effectiveness of Consfraerapy.

76



The last published randomized controlled tffataises the question of whether
similar intensive practices can be elicited withthe restraint and whether this
might result in even better functional results. sTHiypothesis was recently
supported by Gordon and colleagttds who published a randomized trial
demonstrating that bimanual intensive treatmentltesn a better outcome if
compared to no treatment.

Nonetheless, results of currently available clihgtadies have poorly contributed
to estimate the effectiveness of CIMT in cerebrakyp, also due to small study
sample size resulting in inadequate power to detetistical difference between

the groups comparé&d.

Aims

These considerations have led us to a key quessom:possible to overcome
these methodological problems and design a trald¢hn give strong evidence on
CIMT effect? The aim of this paper is to preserdg thethodological choices,
design and main characteristics of a controlledicdi trial that is currently
ongoing and whose recruitment is still open (altffosome patients have already
completed the whole follow-up phase). The trial @ita study the effectiveness
and safety of CIMT (defined as restraint combinetth\&n intensive rehabilitation
program) compared with 2 comparison groups: onatece with an intensive

rehabilitation program and one with traditionabtraent.

Experimental design

The study has been designed as a multicenter, getgp, controlled clinical trial

on the efficacy of Constraint Induced Movement Eipgr (CIMT) (consisting of
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the bandage of the unaffected arm with a speci@uiac combined with a
intensive rehabilitation program (IRP) for the afesd arm) (Group 1). At the end
of the recruitment process, the results of thislystgroup will be compared with
those of two comparison groups, one undergoing hirablRP (Group 2), and the
other receiving traditional rehabilitation progra@roup 3). Recruitment of
Group 1, Group 2 and Group 3 is currently ongoind reatment programs are
carried out in the same intervention period.

CIMT comprehends 2 major therapeutic elementsrdbaint of the non-affected
limb and the massive practice of movements of tliieced limb. The
comparisons between group 1 vs 2 may highlightetifiect of restraint and the
comparisons between group 1 vs 3 and group 2 vsay show the effect of
massive practice of movements.

The traditional rehabilitation treatment (definedthe next paragraph) has been
considered as the baseline treatment, allowing westimate if there is a surplus
value in providing intensive treatment and whiclidren would benefit the most.
Due to possible organizational difficulties withine rehabilitation services and
the subsequent impossibility to randomize patidnytdreatment group in every
single clinical center, the Authors have chosetuater randomization desitft'
117 j.e. typology of trials in which groups or clusteather than individuals are
randomly allocated to different treatments. Clustandomized trials are
increasingly being utilized in the evaluation ofatlik care interventions and the
methodology for analyzing cluster randomizationalsi has been rapidly

developing in the last decad® **°
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A crucial measure is the intra-cluster correlatioefficient. This coefficient
measures the degree of similarity among responsesreitmentwithin a
cluster?®. If we consider two hypothetical extreme situasiowe can trace two
different scenarios:

1. the variability in treatment response is null withhe clusters and maximum
among the clusters: in this case clusters couldcdresidered as a single
individual for the trial;

2. the variability in treatment response within thestérs and among the clusters
are similar: in this case, the individuals are @nty distributed in the clusters
and the statistical power randomizing the clusterssimilar to the one
obtained by randomizing individuals.

The measure identifying this “cluster-effect’li5 the ratio between intra-cluster

variability and inter-cluster variability of treaemt effect outcome meastfe

Since it is very difficult to obtain accurate estition of intra-cluster correlation,

we have utilized a range of hypothesis to estinati@-cluster coefficient, in

order estimate the sample size and the power dfidi&"

To verify if the individuals were randomly distrited within the clusters, we

utilized the IF of the main covariates such as ageerity of impairment, 1Q and

parents’ education level. No significant differes@mong variabilities inter and

intra-clusters were observed in children enrollethe trial.
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Sample Size and Power

Following the second hypothesis previously desdiibeith a delta value set at
30%, (1§ = 0,80,a = 0,05,ni = 0,15), we estimated a sample to be recruited of
111 participants, considering a 10% drop out.

If at the end of the trial the intra-cluster coatedn would be much higher than
expected, the trial will be still valid but withlawer power and an error tending

to a constant valdé.

37 cases have been enrolled in 7 centers for CBATGases in 7 centers for IRP

and 37 case in 7 centres for traditional treatment.
Statistical analysis

The effect of intervention will be assessed usingsaneralized Estimation

Equation, extension of logistic regression
Inclusion and Exclusion Criteria

Patient inclusion criteria are: age range betweean@ 8 years, diagnosis of
hemiplegic cerebral palsy (anamnestic, clinical aedroimaging documentation
to be collected) according to Hagberg's classificdt> To avoid the

confounding effects of other intervention studstential participants have been
or will be excluded from the study if they have \poeisly undergone restraint
therapy or have received or will receive injectiefignti-spasticity drugs into UE
musculature (e.g., botox). Differing clinical setgrand/or comorbidity with

other diseases (e.g. epilepsy, mental retardatiotho. ot constitute an exclusion

criteria, but have been used to describe cliniaakbility.
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Participants’ motor criteria are divided into 3 gps: 1) mild, 2) moderate, and 3)
severe motor impairment, based on and modified ftateria set by Beckung et
al'> and Eliasson et ¥ Operational definitions of degrees of severityavset

as shown in Table 5.2.

Before starting the research program, all potdgtieligible patients and their

families have been or will be fully informed abdhe trial and treatments and, if

assenting, have been or will be asked to expréssral written consent.
Participating centers

21 clinical sites located in 8 Italian regions tadat in this research project. At
least 2 clinicians per center are involved in tlkeearch project, a physician
(neuro-pediatrician or physiatrist) and a physicipést. All the centers involved
in the research study belong to the ltalian GrouCerebral Palsy (G.I.P.C.1.),
which was founded in 1994 and is composed of pliysiapists, physicians and
psychologists. The group has worked for 15 yeadeiiming the decision-making
process and clinical management of children witieloel palsy.

When the recruitment process will be completed,upesvisors of outcome
measures will examine videotapes of all evaluatiofspatients from each
treatment group and they will be blinded to treathalocation.

Before commencing the trial, a Steering Committemmosed of the principal
investigator of each clinical site and the Data Bgament Center made decisions
relating to the study conduct. The DMC is locatedthee Epidemiology and

Community Medicine Unit of the Pediatrics DepartinehPadua University. The
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DMC established a number of role-specific electtomailing lists to facilitate
communications among the various sites.

The present project was examined by an ethics ctigarthat approved the study
recommending to pay particular attention and car¢he information given to
families and children about the research prograthteeatment options, including
the burden of the treatment program, the involvaroéfamilies and the safety of

treatment.
Baseline information

Baseline information on each recruited patientléped to be collected before
commencing the trial: anamnestic and main clingatla, personal information,
level of UE motor impairment severity, the presemndeother diseases and/or
disabilities (see Annex 5.1). The data collecteanfipatients recruited so far are

summarized in Table 5.3.
Treatment groups: main characteristics

Group 1. Constraint Induced Movement Therapy (CINgIdve plus Intensive
Rehabilitation Program)Children are to wear a restraining but fairly contdble
fabric glove with a built-in volar stiff plastic Bpt on the dominant hand, which
prevents them from flexing their fingers, and, #iwr, prevents the ability to
grasp (Figure 5.1).

The thumb is kept in a fixed position tight agaitie index finger. The children
can, however, use the hand for support or for bingaé fall. The intervention is

planned to last 10 weeks, 7 days a week. Childreregpected to wear the glove
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for 3 hours a day consecutively. During this ingrthe child is expected to
perform the therapeutic training under the sup@mwir the therapist and/or
parents and without removing the glove.

During the treatment period, children undergo aarisive rehabilitation program
based on unimanual activities. They are treatedémd impairment according to
a motor learning approach during play sessionsaatidity of daily living (ADL).
Sessions are held 3 times weekly at the RehamlitaCenter: an individual
therapist encourages the child to solve tasks neguthe unilateral use of the
paretic hand. Task goals refer to 4 main domaibjspérceptual motor activities;
(2) activities of reaching, grasping, holding andmnipulating; (3) postural and
balance activities; (4) self-care and daily livitivities (Table 5.4).

Sessions are planned to last 3 hours: during teiedart of the session (1 hour and
%) the therapist interacts with the child proposimgmanual activities of an
appropriate level of difficulty, in relation to agad motivation. In the second part
of the session (1 hour and Y2) parents, who coapetating all the 3 hours
sessions, are instructed to interact with their ashiidren by proposing them
unilateral tasks in play and daily living activéieParents are trained to carry out
similar 3-hour sessions at home on the remainindays, as showed at the
Rehabilitation Center (specific unilateral tasksriniy play and daily living
activities).

Group 2. Bimanual Intensive Rehabilitation Progr@iRP). Children are treated
for hand impairment according to the same apprakdtribed above, and with

the same schedule (3 hours a day, 3 times a wallksdssions with the therapist
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and half sessions with the parents) at the Relwtimin Center: the only
differences are that children do not wear the gland are encouraged to solve
tasks requiring the use of both hands.

Parents are trained to carry out similar 3-housises at home on the remaining 4
days, as showed at the Rehabilitation Center (Bpdmanual tasks during play
and daily living activities).

Task goals refer to the same 4 main developmemtadachs, but they imply a
bimanual use in play and daily living activitiesa@le 5.5).

Group 3. Traditional treatmeniThis group includes children affected by cerebral
palsy currently treated in territorial RehabilitatiServices. They usually undergo
1-hour standard rehabilitation sessions once oceivd week and the session
frequency differs in relation to child’s age. Infameceive physiotherapy, mainly
a neurodevelopmental treatment twice a week, whikschool and school-age

children attend occupational therapy once a wel6@min).
Primary Outcome Measurements

During the five evaluation sessions (one before and after the treatment
program, and three follow-up evaluations at 3, B,Months after treatment),
primary outcomes are assessed in 2 major domatsnator ability (QUEST?)
and hand function assessment evaluating both griptibn and the spontaneous
use of the affected side (Besta St&)e

QUEST (Quality of Upper Extremity Skills Test) i: @nternational validated
scale exploring four main domains: dissociated mu@t, grasp, protective

extension and weight bearing. The dissociated mewemomain includes items
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that counter typical patterns of spastic synergpresenting each joint of the
upper limb. Grasp items are based on normal hamdpgras described in
developmental literature, arranged in a hierar¢hiemd developmental
framework. Weight bearing and protective extenseme based on normal
developmental sequence and are scored hierarghicaied on the degree of
abnormality as represented by joint positions.it&lins are scored for both arms
using a dichotomous scale and percentage scoreslatgated?’.

The Besta Scale is an instrument that was developedl985 at the
Developmental Neurology Division of the Istituto iNelogico (Neurological
Institute) “Carlo Besta” in Milan, to assess quality of grip (hand function
request) and spontaneous hand use (bilateral mMatign), and their changes in
relation to age and degree of impairment. The fietsion of this assessment
protocol was described in 1986, in a study in whgthical characteristics were
analyzed in relation to aetiological factors andhpated tomography findings in
30 children with congenital hemipledf After modification, the instrument was
used in a prospective study to evaluate changband impairment and bilateral
manipulation skills over tinté®. The interrater reliability was assessed withlatpi
study conducted on 15 children with hemiplegia undeyears of age and 15
children with hemiplegia over 7 years of age. lobserver agreement of grip
scores was excellehit

In the scale, grip assessment is performed in rrdatdized setting, asking the
child to pick up different sized cubes on requ&bke quality of grip is videotaped

and scored in a hierarchical way (from 0 to 3).r8aoeous use is assessed during
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structured activities requiring both hands and @asitandardized according to age.
The scoring system for the quality of manipulatiesnbased on variability and
stereotypy of movement pattétfh score 0, no use of impaired limb; score 1, use
of impaired limb in a stereotyped pattern (wrisport) for holding; score 2,
cooperation of the impaired hand in manipulationhoyding with a restricted
number of stereotyped patterns; score 3, cooperatidhe impaired hand with
holding and manipulation, using a varied repertofrpattern&™.

During the evaluation sessions, both tests are radtared, video-recorded,
scored on subsequent viewing and videotapes abe foosted to the DMC for

quality evaluation control.
Secondary Outcome Measurements

Besides the general assessment of patients (an&makgctive and neurologic
exams), evaluation sessions include additionaktassessing: a) the patients’
cognitive level with the Wechsler/ Griffiths scal@gcording to patient age), b)
general motor development with the Gross Motor EondMeasure, c) the level
of familial stress with the Parenting Stress Ifdexd) parents evaluation of the
child’s autonomy in daily living activities usinhe Parents Besta ScHfe e) the
Child Behavior Checkliét® f) and treatment satisfaction and compliance
perceived by parents using an ad hoc scale.

The purpose of including these other instrumentthéevaluation sessions is to
assess the child’s overall development and if iinffuenced by the treatment

assigned.
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The timing of secondary outcome measures evaluaiaescribed in figure 5.2

and table 5.6.
Safety measures

To evaluate the safety of the interventions caroet, the following measures
have been utilized:
since the use of a restraint in the non-affecteab licould cause a motor
impairment (as some studies on animal models hassunzed) and
compromise the non-affected-side ability, the fiorcof the non affected limb
is monitored through the QUEST and Besta Scales;
another parameter is the behavioural change inckiile, that is assessed
using the Child Behaviour Checklist. This scale cdetect sudden
modifications of child behaviour, mood, or respotsestress during and after
the restraint of the non affected limb. The ChilehBvior Checklist® (CBCL)
was designed to address the problem of definindd dbéhavior problems
empirically. It is based on a careful review of thierature and carefully
conducted empirical studies. It is designed to sss&® a standardized format
the behavioral problems and social competencieshdfiren as reported by
parents;
performing intensive treatment lasting 3 hours alr 10 weeks can load on
family life and increase the level of family stre3sis evidence is evaluated

through Parenting Stress Ind&x
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Baseline, Post-Immediate, and Follow-up Evaluations

The timeline for baseline, post-treatment/controérigd, and follow-up
evaluations is outlined in figure 2 and table 6.lyOprimary outcomes are
evaluated at each evaluation visit. Evaluationtwiare planned at baseline, end of
treatment, and after 3, 6 and 12. The study planiges that the follow-up ends

at month 14.5 from the baseline date.
Training, standardization and agreement

Before starting the controlled trial, a specifiaiting program was provided to
familiarize professionals with testing and trainpr@cedures in order to develop a
homogeneous administration and videotaping of théE®T and Besta Scale

tests, as well as the parents of recruited children

Professionals - Principal Investigator

First of all, the principal investigators of therfigipating centers were equipped
with a training package including: a presentatioodaie illustrating the sections

of each scale (QUEST and Besta Scale) and desgrithm scoring procedures
with practical video-recorded examples, which ined the videos of 3 children

with different levels of hemiplegia, 2 of which wescored and the third was
blind (with the scoring enclosed in a sealed em&)lo

After the self-training phase, a meeting with satperts was organized for the
principal investigators in order to discuss issuekted to administration.

recording procedure and scoring process.

The project included an assessors’ agreement phhasemain goal of this phase

was represented not only by the need of providistpadardized training for all
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assessors, but also to be able to measure thebiityiaf primary outcome
measures in order to use this coefficient as amasgon of the variability of the
“instrument of measure” of primary end-point. Eadimical centre provided the
video-recording of the administration of the 2 $€QUEST and Besta Scale) to 2
children of their hemiplegic population, in all 4ases (2 per each centre) who
undergone the administration and video-recordin@ ¢ést: in all 84 videos, 42
Besta scale and 42 QUEST scale). The coordinagngye sent the 84 videos to
all the 21 participating centre and all videos weedred by the principal
investigator (a total amount of 84 assessmentser2ali 42 children video-
recorded). All evaluations were collected and asedyby the coordinating centre
in order to evaluate the agreement among the iigatsts involved, considering
separately in the analysis each item scored, pastiaring values of scales
sections and total scoring values of Besta and QUéc3les.

2 training core members of staff evaluated the otigiees to assess the quality of
procedures employed by each clinical center andudgcparticipants that were
not sufficiently trained, and they also rated tigewotapes.

Periodical meetings were held during the secondeproyear among all the
representatives of the participating centers. Thmeetings included participant
chart reviews, focus groups with research partidpaand key informative
interviews with Training Core staff. Informationtgared during these meetings,
along with data collected with the standardizaoacedures, was included in a
trial evaluation process.

Professionals- Therapists
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All the therapists involved in the trial belongttee G.1.P.C.l. group and they are
trained to use the same motor learning approacimgipiay and ADL since 15
years. All therapists involved in the treatmentelepment have been trained and
have been equipped with a manual listing the thmeale framework of
rehabilitation programs to be carried out and mamagtical examples of activities
and tasks (both unimanual and bimanual) to be dped during the treatment
sessions. The manual had a DVD attached showing sxamples and activities.
New personnel employed was trained in the same WNayertheless, in order to
further standardize the administration of the tpetdic training, all the therapists
of the participating Centers had several meetingsoider to verify the
standardization of therapeutic procedures amongh&mpists through practical
activities with simulated and real cases. Tablend & show the theoretical
framework and some practical examples of activided tasks of experimental
treatment.

Parents

The activities and tasks proposed and developenmhgltine intensive treatment
sessions were shown and taught to parents thaiasked to attend all the
treatment sessions. The family compliance to thggsstions given by the
therapist during the treatment sessions was verifieriodically and, in the
recruitment phase, the family undertook to develtyghe activities at home for
the duration required. The compliance was an esseatjuirement for the child
recruitment in the clinical trial. Moreover a mahaad several videos showing

the therapeutic activities were published and hdrulg to families in order to
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equip parents with an instrument to carry out tbiviies at home during play

and daily living.

Standardization

On what attains the assessment procedures theastigmation was guaranteed by:

1.

Strict timing in tests administration during th&alr constantly verified by the
DMC;

Common training period for the scales administratend videorecording
procedure;

Analysis of interobserver variability through thmgear-scorer agreement;
Mandatory videorecording of the administration esamonitoring primary
endpoint (Besta and QUEST) for all the trial assesd phases;

Evaluation of 2 expert external supervisors oftla#l videos recorded during

the trial and the agreement phases, blinded ttntiesd allocation.

On what attains the treatment procedures the stdizdéion was guaranteed by:

1.

the 15-years belonging to a common working group cemebral palsy
(G.1.P.C.1.), sharing a practical and theoreticahfework of all therapists;
Clear and detailed definition of the treatment paogs of the 3 groups,
specified for age classes;

Pre-trial common training period for the treatmgmbcedure for all the
therapists involved in the study;

2 manuals + DVD for therapists and for parents shgueome examples of
training activities and tasks both in the rehadiitin center setting and at

home;
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5. mandatory participation of the parents to the mesit sessions at the

rehabilitation center to learn the activities aasks to be repeated at home.

Discussion

Clinicians involved in rehabilitation agree on theed for scientifically credible
evidence which shows that interventions are sdfiecteve and worthwhile. In the
last decade, research in the field of rehabilitatias been increasingly interested
in Randomized Clinical Trials (RCTs) as the preddrdesign for outcome studies.
Nevertheless, in medical rehabilitation the desigml conduct of RTCs imply
many challenges. Among the others, Fulifementioned the following: (a)
difficulties in blinding the administrators of imentions or the recipients; (b)
resistance of candidate participants to being rarig@assigned to experimental or
control groups; (c) the unacceptability, ethicatly otherwise, of using control
conditions that withhold or delay treatment; (d¢ #xtreme complexity of some
interventions that makes it difficult to monitorettiidelity with which they are
administered; (e) an insufficiency of eligible peigants in any one setting,
necessitating difficult-to-administer, multisiteials; (f) the relatively lengthy
follow-up interval of some rehabilitation trialsathmakes them vulnerable to
participant attrition.

In pediatric rehabilitation, other challenges arvebe added, such as the overlap
between intervention effects and natural procedaraftion development, and the
marked variability of the clinical picture amongrp@pants of different ages and
the degree of functional impairment. Moreover, mfancy and childhood, the

biological evidence of many developmental disordersstill very poor and
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therefore it is often very difficult to define tHeationale” of assessment and
treatment methodology.

In the field of hemiplegic cerebral palsy anothkaltenge is represented by its
rarity (0.3-0.5/1000 Italian newbortis®) and therefore by the difficulty to collect
large samples of participants for research prograitseover, assessment tools
of upper limb function, which is the principal gaz#lthe rehabilitation treatment
in this form of CP, are very few, and mainly derfv@m adult protocols.

How can these problems be tackled and managed désgning a trial on the
efficacy and safety of CIMT in hemiplegic childrehe Cochrane review
recently analyzed several clinical aspects of thrie¢s on CIMT in hemiplegic
children, namely the method of constraint, freqyeand intensity of practice,
intervention environment and social context, inéemon principles, individual
characteristics of children and outcome measliteall these aspects varied

significantly in the three trials publish&d®® 1%

particularly in relation to

intensity of treatment. Moreover, the samples ofldcbn were very small,

lowering the power of the studies. Finally, in oopinion, the comparison
between children treated with a combination of @@mst of the non affected

hand and intensive practice of the affected hand,children not treated at all is
not correct, because it does not allow to distisigubetween the effect to be
attributed to the restraint and that to be atteduto the intensity of treatment,
thus presumably overestimating the effect of CIMT.

For all these reasons, it is very difficult to asséhe real efficacy of CIMT itself.

In fact, although the results of Elias$&hdid not support its efficacy, Taub &
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Wolf*** had previously formulated the hypothesis thatitttensity and not the
principle of treatment could have an impact on ontes. The RCT results
published by Gordon and colleagtién the efficacy of a hand-arm bimanual
intensive therapy in hemiplegic children seem taficom this idea, i.e. the
efficacy of intensive treatment alone would imprdvienanual hand use, and
elicited practice rather than restraint may be oasjble for improved motor
performance. These encouraging results on smalplsanof patients need to be
urgently confirmed by studies on larger samplesasks, in order to have enough
power to exclude the null hypothesis and give cggmificant results that do not
need further investigation. For this reason, owdgthas chosen to enroll 37
patients per group, for a total amount of 111 pésie

To overcome many of the problems posed by condyetitrial in the domain of
pediatric rehabilitation such as the need to colege samples, the GIPCI group
chose to conduct the trial on CIMT in hemiplegidldien as a multisite clinical
trial. According to Meineft® a trial must possess three characteristics to be
considered multiple site in nature. First, the datght to be acquired from two or
more settings that are organizationally independeé®¢cond, a common
intervention and data collection protocol ought e used, and third, data
management and analysis ought to be centralizddhé@$e characteristics have
been respected in the design of our research study.

As Fuhret®” suggested, the advantages of multisite trialstiagecollection of
larger samples, the rapidity in study completiond aenhancement of

generalizability of findings. Our MSCT in fact inves 21 Rehabilitation Centers,
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most of them located in Northern ltaly, which dedth the treatment of CP
children in ordinary clinical practice. Therefotkis trial may have the advantage
of giving a measure of the effectiveness of thatinent, and particularly of
determining whether interventions have beneficeduits in the real context
where new cases with hemiplegic cerebral palsyhaille to be treatét.

However, multisite clinical trials are more chaljgmy in terms of organization,
management and administration. The main problencerois intervention fidelity
that is the degree to which the essential featofesxperimental and control
interventions are implemented and planned.

Another relevant aspect of this trial is the chafeutcome measures, which is
justified not only by the need for objective angrmducible measurements, but
also by the usefulness of considering primary himmdtion outcomes as strictly
related to secondary outcomes, namely the childésadl development, familial
environment and quality of life. This choice is &dson the principle that any
modification determined by a rehabilitation intemtien is the result of a balance
between changes in hand and limb function, globatom and cognitive
development and the child’s quality of life. Foraexple, this mutual influence
can paradoxically result in a positive effect of eiffected limb, but in a negative
effect on overall motor development, as demonsirat@nimal models”.

The participation of many Centers in our trial mased several questions when
planning the trial, particularly with regard to theractitioners’ different
experiences and skills, the diversity in treatesiting, the difference in the use

of outcome measures.
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To overcome these problems, one year has beerelgntiedicated to planning

and implementing the study design and to training the professionals

(physicians and therapists) involved in the redegroject. The protocol features,
including enrolment criteria, outcome measures hoatof constraint, principles

of treatment, intensive practice and parent codjperahave been specified,
discussed and explained, also with the use of vet®eodings. In each Center a
doctor is responsible for assessment and treatfidality and many meetings

have been organized to verify the homogeneity séssment and interventions.
The inter-scorer agreement on the main outcome umes®f upper limb function

and the standardization of treatment practice viemgthy processes, but were
worthwhile because they enhanced the practitionexgertise and awareness.
Another important innovation of this research stuelyards the deep involvement
of parents in treatment sessions and their trainmgprder to continue the

exercises at home: their involvement plays a kdg o the treatment program
and in changing their attitude towards the valuére@dtment and the role of daily
activities and actions in improving the use of thiected hand and their
children’s quality of life.

The effort of staff members involved in the resbaproject is focused on

monitoring the quality of protocol implementatiorven time, checking the

experimental and control interventions carried aatd introducing corrective

factors, if necessary.

In conclusion, the planning and implementation g tmultisite study on the

safety and efficacy of CIMT in hemiplegic childréxas so far achieved a first
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important goal, besides defining the study desighas increased the knowledge
and expertise of many clinicians involved in pedtatehabilitation with regard to
research study methodologies and practices.

According to the Authors of the review recently fistred by Cochrarté’,
“...given the paucity of evidence, the use of CliMThildren with cerebral palsy
should still be considered experimental. Furthee@uitely powered RCTSs, using
valid and reliable outcome measures, are requike@xplore the effectiveness of
CIMT for children with hemiplegic cerebral palsyutdre research in CIMT
should investigate the most efficient, cost-effectieast invasive and family-
friendly treatment protocol that can be easily fegled in a clinical setting.”

As already underlined, research in children hasagdvbeen neglected in
comparison to adults, due to ethical reasons ragarthe use of children for
experimental purposes. The consequence of thiadgthas been the utilization of
treatment and assessment tools and techniques veffficsscy has not yet been
tested in pediatric patients or evidence is verae The Authors believe that
discussing and working on pediatric research methiegresents an urgent need

in rehabilitation research.

97



References

92

93

94

95

96

97

98

99

100

Bottos M, Granato T, Allibrio G, Gioachin C, PaatiL. Prevalence of
cerebral palsy in north-east Italy from 1965 to 99Bev Med Child
Neurol 1999;41(1):26-39.

Paneth N, Hong T, Korzeniewski S. The descriptapgdemiology of
cerebral palsyClin Perinatol 2006;33(2):251-67.

Pagliano E, Andreucci E, Bono R, Semorile C, Brdll, Fedrizzi E.
Evolution of upper limb function in children witltorgenital hemiplegia.
Neurol Sci 2001;22(5):371-5.

Fedrizzi E, Pagliano E, Andreucci E, Oleari GnHdunction in children
with hemiplegic cerebral palsy: prospective follow-and functional
outcome in adolescendeev Med Child Neurol2003;45(2):85-91.

Boyd RN, Morris ME, Graham HK. Management of uppléenb
dysfunction in children with cerebral palsy: a sysatic review.Eur J
Neurol 2001;8:150-66.

Sundholm LK, Eliasson AC, Forssberg H. Obstetrrachial plexus
injuries: assessment protocol and functional out@mage 5 yearfev
Med Child Neural 1998;40(1):4-11.

Taub E. Movement in nonhuman primates deprivedsahatosensory
feedbackExerc Sport Sci Re1976;4:335-74.

Taub E, Uswatte G, Pidikiti R. Constraint-Indudddvement Therapy: a
new family of techniques with broad applicatiorptoysical rehabilitation-
-a clinical review.J Rehabil Res Dev999;36(3):237-51.

Wolf SL, Winstein CJ, Miller JP, Taub E, Uswatte I@orris D, Giuliani
C, Light KE, Nichols-Larsen D; EXCITE InvestigatorEffect of

98



101

102

103

104

105

106

107

constraint-induced movement therapy on upper extyefunction 3 to 9
months after stroke: the EXCITE randomized clinicabl. JAMA
2006;296(17):2095-104.

Hoare BJ, Wasiak J, Imms C, Carey L. Constraidttced movement
therapy in the treatment of the upper limb in al&id with hemiplegic
cerebral palsyCochrane Database Syst R@007;(2):CD004149.

Charles JR, Wolf SL, Schneider JA, Gordon AM. &dfiy of a child-
friendly form of constraint-induced movement theraim hemiplegic
cerebral palsy: a randomized control tri@dev Med Child Neurol
2006;48(8):635-42.

Eliasson AC, Krumlinde-sundholm L, Shaw K, Wang Effects of
constraint-induced movement therapy in young caidwith hemiplegic
cerebral palsy: an adapted mod2tv Med Child Neurol2005;47(4):266-
75.

Charles J, Lavinder G, Gordon AM. Effects of doaist-induced therapy
on hand function in children with hemiplegic cewdlpalsy.Pediatr Phys
Ther. 2001;13(2):68-76.

Gordon AM, Charles J, Wolf SL. Methods of constiénduced
movement therapy for children with hemiplegic ceatb palsy:
development of a child-friendly intervention for pmoving upper-
extremity functionArch Phys Med Rehabi2005;86(4):837-44.

Sung Y, Ryu JS, Pyun SB, Yoo SD, Song WH, ParkBfficacy of
forced-use therapy in hemiplegic cerebral pafsgh Phys Med Rehabil
2005;86(11):2195-8.

Taub E, Ramey SL, DelLuca S, Echols K. Efficacycofstraint-induced
movement therapy for children with cerebral palsthwsymmetric motor
impairment.Pediatrics 2004;113(2):305-12.

99



108

109

110

111

112

113

114

115

Glover J. E. Mateer C. A. Yoell C. Speed S. Théedativeness of
constraint induced movement therapy in two youndldam with
hemiplegiaPediatr Rehabil2002;5(3):125-31.

Charles J. Lavinder G. Gordon A. M. Effects of simaint induced therapy
on hand function in children with hemiplegic cemdlpalsy Pediat Phys
Ther.2001;13:68-76.

DeLuca S. C. Echols R. Ramey S. L. Taub E. Pedietmstraint induced
movement therapy for a young child with cerebrdsyaTwo episodes
care.Phys Ther2003;83:1003-13.

Eliasson A-C. Bonnier B. Krumlinde-Sundholm L. iitial experience of
constraint induced movement therapy in small childwith hemiplegic
cerebral palsy - a day camp modeev Med Child Neurol2003;45:357-
60.

Charles JR, Gordon AM. A repeated course of caimgtinduced
movement therapy results in further improvem®&av Med Child Neurol
2007;49(10):770-3.

Gordon A. M. Charles J. Wolf S. L. Methods of dvast induced
movement therapy for children with hemiplegic ceatb palsy:
Development of a child-friendly intervention for pmoving upper
extremity functionArch Phys Med Rehabi2005;86:837-44.

Taub E. Wolf SL. Constraint Induction techniques facilitate upper
extremity use in stroke patientsTopics in Stroke Rehabilitation.
1997;3(4):1-24

Gordon AM, Schneider JA, Chinnan A, Charles JRickfy of a hand-
arm bimanual intensive therapy (HABIT) in childremth hemiplegic
cerebral palsy: a randomized control tri@dev Med Child Neurol
2007;49(11):830-8.

100



116 Cornfield J. Randomization by group: a formallgsia. Am J Epidemiol.

1978; 108: 100-102.

17 Donner A, Klar N.Design and Analysis of Cluster Randomization Trials

in Health Researchrnold: London, 2000.

118 Kerry SM, Bland JM. Analysis of a trial randomdsén clusters.BMJ.
1998;316(7124):54.

19 Kerry SM, Bland JM. Sample size in cluster randwtion. BMJ.
1998;316(7130):549.

120 Klar N, Donner A. Current and future challengestie design and analysis

of cluster randomization trialStat Med 2001;20(24):3729-40.

121 Keiser M, Friede T. Re-calculating the sample sizinternal pilot study

designs with control of the type | error ra&at Med 2000; 19: 901-911.

122 Hagberg G, Hagberg G, Olow I. The changing panerafrcerebral palsy

in Sweden 1954-1970. Il. Analysis of the varioumdpmes. Acta
Paediatr Scand1975;64(2):193-200.

123 Beckung E, Hagberg G. Neuroimpairments, activityitations, and

participation restrictions in children with cerebpalsy. Dev Med Child
Neurol.2002;44:309-316.

124" Eliasson AC, Krumlinde-Sundholm L, Rosblad B, Bew E, Arner M,
Ohrvall AM, Rosenbaum P. The Manual Ability Clagsation System
(MACS) for children with cerebral palsy: scale deyenent and evidence
of validity and reliability.Dev Med Child Neurol2006 Jul;48(7):549-54.

125 sakzewski L, Ziviani J, Van Eldik N. Test/retestiability and inter-rater

agreement of the Quality of Upper Extremities Skillest (QUEST) for
older children with acquired brain injuries. Staidev Pediatric

101



Rehabilitation Unit, Royal Children's Hospital, H&m, Queensland,

Australia.

126 Fedrizzi E, Pagliano E, Andreucci E, Oleari G. Hdunction in children

with hemiplegic cerebral palsy: prospective follow-and functional
outcome in adolescence. Dev Med Child Neurol. 208@):85-91.

127 DeMatteo C., Law M., Russell D., Pollock N., Raisaum P., Walter S.
(1993), “The quality of upper extremity skills tesPhys Occup Ther
Pediatr13 (2), 833-845.

128 Molteni B, Oleari G, Fedrizzi E, Bracchi M. (198Rglation between CT
patterns, clinical findings and etiological factanschildren born at term,

affected by congenital hemiparesieuropediatr.18: 75-80.

129 Fedrizzi E, Oleari G, Inverno M, Dal Brun A, Bori®. (1994) Motor
performance assessment in children with cerebriypdn Fedrizzi E,
Avanzini G, Crenna P, editorslotor Development in Childhoodlondon:
John Libbey. p 51-8.

130 Touwen BCL. (1976)Neurological Development in Infancy. Clinics in

Developmental Medicin&lo. 58. London: Spastics International Medical
Publishers (Mac Keith Press).

131 Abidin, RR. (1995). Parenting Stress Index 'f8d.) Odessa FL:

Psychological AssessmentResources

132 Fedrizzi E, Pagliano E, Andreucci E, Oleari GnHdunction in children

with hemiplegic cerebral palsy: prospective follow-and functional
outcome in adolescendeev Med Child Neurol2003;45(2):85-91.

133 Achenbach TM, Edelbrock CS. Behavioral problems aompetencies

reported by parents of normal and disturbed childxged four through
sixteen.Monogr Soc Res Child De%981;46(1):1-82.

102



134

135

136

137

138

Martin JH, Choy M, Pullman S, Meng Z. Corticosgdinsystem
development depends on motor experiedcHeurosci 2004;24(9):2122-
32.

Fuhrer MJ. Overview of clinical trials in medigahabilitation: impetuses,
challenges, and needed future directioAsn J Phys Med Rehabil
2003;82(10 Suppl):S8-15.

Meinert CI: Clinical Trials: Design, Conduct, and AnalysiSew York,
Oxford University Press, 1986.

Fuhrer MJ. Conducting multiple-site clinical tsalin medical
rehabilitation researciAm J Phys Med Rehab#2005;84(11):823-31.

Fitzgerald GK, Delitto A. Considerations for phamg and conducting
clinic-based research in physical theraplyys Ther2001;81(8):1446-54.

103



104



Tables & Figures

Table 5.1.Currently available clinical trials on CIMT

Author PY Design Methods Participants Interventions Control group Assessment tools Croec\:;(r:\:\?e
Type of constrain B
Use of a sling on the non-involved upper extrerfaty Jebsen-Taylor
R - - - : Test of Hand
the entire time during an intervention session Function
N: 22 Children Treatment duration . . Bruininsk
; 10 out of 12 consecutive days during summer or
L Sex:8F, 14 M : - . . Oseretsky Test o
Randomization. Mean Age: 6y 8m school vacation, 6h wearing the sling and 6 hotitis Motor
Randomized Blinding of 5 A no sling iy
Charles® 2007 | controlled | outcome assessol Sg;n%%;ge. 4h8er)1/1i le i\Treatment setting Any treatment Eg’rzc'ﬁ/gfy NO
trial Follow up at 1 and SCPg ’ PIIE columbia University Func?ional Use
months. Levels of severity Tre'agmen't program . . Survey (CFUS)
Individualized  instructions from a trained
moderate . L . . ot . Hand-held
interventionist  involving  specific  practice  of dvnamometer
designated target movements. Children engaged in ynan
) A ; Modified
play and functional activities with 2 types of stiwred
: Ashworth scale
practice
Type of constraint
Use of a fabric glove with a built in stiff volatgstic
N: 45 children splint on the "dominant " unaffected hand, prevemti
finger flexion and thumb movement.
No randomization Treatment group: 2[LTreatment duration
Cortrolea |Bining of| 70190120 |2 monthe of metventon  daye per vk 200D onat | Assising e
Eliasson* 2005 | Clinical outcome  asSeSSOlSg. . 50 v 21 F Trgatment settin P ' services Assessment YES
Trial. Follow up at 2 and 6 N ' h o ) (AHA)
months Age: 18-51 months Child's _usual environment (home/pre-school).
' Diagnosis: hemiplegi¢ Therapist supervision once weekly.
CP. Treatment programme
Levels of severity: all | Principles of motor learning, knowledge of motor
control, with activities of an appropriate level |of
difficulty, and repetition
Randomised N: 31 children Type of constraint . Box and Blocks
Sung* 2005 | controlled \l;c;l(lecl)(v;/ up at Treatment group: 18 | Application of a short-arm Scotchcast from below tg;?\igg]al Test YES
trial with no ) Control group: 13 elbow to the fingertips on the unaffected uppeblim Erhardt
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Cochrane

Author PY Design Methods Participants Interventions Control group Assessment tools review
blinding of Sex: 15 M, 16 F Treatment duration Developmental
assessors Age: < 8 years Twice weekly in 30 minute session for 6 weeks |for Prehension

Diagnosis: hemiplegi¢both groups. Assessment
CP Treatment setting WeeFIM.
Levels of severity: mild| Hospital setting.
medium. Provided by an occupational therapist
Treatment programme
Individualised functional Occupational therapy (Q[T)
and Activites of Daily Living.
Type of constraint
Involved extremity casted from upper arm to finger Quality of Upper
Single blind N: 18 children with lightweight bivalved fibreglass cast. Extremity Skills
randomised Treatment group: 9 Treatment duration Test (QUEST)
controlled Follow up at 3 & 6 Control group: 9 6 hours per day for 21 days Child Arm Use
Taub & crossover | e and 3 & ¢ Sex:13M,5F Treat_ment S(_etting Traditional Test_ (CAUT)
DeLuca®® 2004 | trial with months (CIMT Age: 7-96 months (megrHospital setting services Pediatric Motor | YES
blinding of | 41.5 months) Treatment programme Activity Log
Child Arm | 9rouP on y)-- Diagnosis  hemiplegi¢ Child behaviour shaping, presenting activities he |t (PMAL)
Use Test CP child in ways that provided immediate, frequentd an Emerging
assessors Levels of severity: all | repetitive rewards for the child's efforts and Behaviors Scale

increasingly functional use of the more-impai
extremity.

ed

(EBS)
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Table 5.2.Levels of severity of UE motor impairment

Group | fine motor skills

The paretic hand manipulates without restrictioamsviath limitations in more advanced

Group Il The paretic hand has only holding functituming bimanual manipulation

Group Il The paretic hand has no functional apilit

Table 5.3.Recruited patients: baseline demographic informmafcollected with a dedicated recruitment quesizore (Annex 1)

Variable Distribution
Age (y)

Average 4y 8m

Range 2-7
Gender

Male 43 (%)

Female 42 (%)
Level of severity

I 52%

Il 39%

1l 9%
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Table 5.4.Unimanual activities (CIMT group)

Domain Repetitive activities Whole task practice Elicited movements

Blind objects search and recognition * Nonstructured play activities

Tactile exploration of different materials and suds, Stereognosis, adaptive grasp,

Perceptual motor tasks objects with different weight and consistency 5_)(361“:2'85 lasticine I:Egg;ss;nigOgﬁgﬁzt;ct’%‘ngr%p’
Pattern recognition of drawings traced on the paim 16 yrs \F/)vheat cream suginationg !
the affected hand oY " P
7-8 yrs pasta, rice

e Structured play activities.
Wrist extension, finger

Holding and manipulative Activities targeted to: string, lift, move, get atidow | Examples . A
tasks objects of different dimensions and shapes 2-3 yrs drawing; painting (finger paints) smgolgmzatlon, release, thumb
) _— opposition
4-6 yrs puzzles; Lego building
7-8 yrs memory cards

¢ Movement games

Grab and carry small objects from/to different p&c Shoulder flexion and abductiof,

Posture and balance and levels 5_)(3"’1;:2'85 play ball wrist extension, prono-
(high, low, front, back, up, down) 4-6 yrs play skittles supination forearm
7-8 yrs play bowls and darts
Examples
2-3yrs Drink with the glass; smear fat . . . .
Self-care and ADL with cream or soap irli(;:(leon ?gfa_iﬂaﬁf;?ognp’
4-6 yrs comb or brush hair; brush teeth P P
7-8 yrs spoon or fork use; dust a surface
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Table 5.5.Bimanual activities (control group 1)

o

Domain Repetitive activities Whole task practice Elicited movement Evoked use
of affected hand
* Non structured play activities
perceptive Cooperation in
Perceptual Fill up/empty ~ big botles o Egamrgles smear both er limbs with cream sozxp!(r?:itcl)?ln’ bimanual  task  a
n containers with wheat, rice, pasta, y upper i Wi ’ ppina .| assisting hand fo
motor task or colour precision arip, ;
water, etc. ; ' h holding and
4-6 yrs paint palm and fingers of the affectectlease, finge manioulation
hand  with the other hand and make handprintsingolaritation P
7-8 yrs play wind or percussion instruments
e Structured play activities
Several symmetrical andExam les Adantive f Cooperation in
Holding  and| asymmetrical activities (cork and2_3 rg laving dolls: drawing: aintin su iﬂation relgeazye bimanual task a
manipulative uncork bottles, take off/put on tgp y playing ' 9 P 9 up ’ 'assisting hand fo
: : -6 yrs Lego blocks bimanual .
tasks on marking pens, tear a piece |o -8 vrs le. nackaging: do the washina. spieagordination holding and
paper cut out a picture etc.) y puzzie, p ging, do the washing, spf manipulation
out the washing, ironing linen, make
pizza, cut fruits for food salad
* Movement games Should_er erX|0_n, Cooperation in
. . abduction, wrist .
Grab and carry big objects from/ % . bimanual task a
Posture ang i | d levels (hi xamples extension and - hand  f
balance ifferent places and levels ( 'M2-3 yrs play with a big ball supination assisting an 0
low, front, back, up, down) . X ’ holding and
4-6 yrs tricycle, pull a chart bimanual manioulation
7-8 yrs play basket, bicycle coordination P
Examples
2-3 yrs Drink with a big cup; break breag Adaptive " Cooperation in
or sweets; wash hands  and face ronrz)-su inatignp' bimanual task a
Self care 4-6 yrs take off the shoes and socks Felease P biman’ual assisting hand fo
7-8 yrs take off the shoes and socks, coopera ecc'Jnordin:ation holding and
bimanual ADL such as bring the plates, manipulation
fold napkins, dry up kitchenware
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Table 5.6.Assessment protocol

Timing

Assessment tools/Outcome measures

t, (baseline)

Anamnesis / Objective Exam

Neurologic Exam

Wechsler/ Griffiths to
Gross Motor Function Measure

Parenting Stress Index

QUEST

Anamnesis / Objective Exam
Neurologic Exam

Gross Motor Function Measure
Child Behavior Checklist
QUEST

Besta Scale

Besta Scale for parents

Besta Scale
Besta Scale for parents

11

Anamnesis / Objective Exam
Neurologic Exam

Gross Motor Function Measure
Parenting Stress Index

Anamnesis / Objective Exam
Neurologic Exam

Gross Motor Function Measure
QUEST

Besta Scale

Besta Scale for parents

Child Behavior Checklist

Treatment Satisfaction and Compliance Scale
QUEST ¢
Besta Scale 4
Besta Scale for parents

Anamnesis / Objective Exam
Neurologic Exam

Gross Motor Function Measure
QUEST

Besta Scale

Besta Scale for parents
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Figure 5.2.Timing of assessment sessions:

the pre and post-treatment and the follow-up phases

Figure 5.1.The stiff-plastic glove used to cast

the unaffected arm
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Annex 5.1 —Baseline information collected per each eligiblseca

Rehabilitation Center

Patient Initials

Date of birth

Sex

Gestational Age

Side of hemiplegia

Age of onset (months)

Level of severity

Plausibile pre/peri-natal cause or acquired cause

Cognitive disturbances

Stereognosis alterations

Speech/ language delay

Mood disturbances

Visual Impairment

Visual attention disorders

Hearing impairment

Associated malformations
Skeletal

Visceral

Presence of epilepsy

Other comorbidities

MRI results (leucomalacia, cerebral malformatiaimeo cerebral alterations

D

CT scan; Ultrasound, SPECT results
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Background

Cerebral palsy represent the most common causesability in children with
neurologic impairment. It result from a wide spaotrof central nervous system
diseases and, depending on the etiology, are fitaksas primary or secondary.
The prevalence of movement disorders in childreeir tclinical presentation and
course, and their prognosis and management suiadtackiffers from those of
adults. The presentation is frequently insidiounsl may be characterized at onset
by mild hypotonia. The clinical picture may be maanplex, rapidly changing,
and often characterized by the association of mhffe types of movement
abnormalities. The pattern of movement disordery bea highly influenced by
age at onset and by the stage of development athwitie disease occurs.
Moreover, the occurrence of movement disorderseffhe course of neuromotor
and adaptive development.

The recognition of the pattern of movement dissdand the possibility of
grading their severity are relevant for the cliaiciwhen planning rehabilitative
and pharmacologic interventions, monitoring theultss of treatment, and
predicting outcomes.

Several instruments and rating scales are currardfd to assess movement
disorders in children with hemiplegic cerebral gala particular one of the most
“measured” performance regards the outcome of ppemlimb function, such as
in the case of Melbourf& or Peabody Developmental Motor Scafés

The available measurement tools are characteriyetieb possibility to obtain a

synthetic measure of hand function that is usefuhonitor the clinical course of
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the affection and the influence of the rehabildatitreatment proposed on the
severity of the impairment.

In general, all available tools require the exemutf specific tasks and action by
the child (for example grasp a cube, hold a pedcéw a circle) as asked by the
therapist. Furthermore, the majority of the scales build to assess each hand
separately. This characteristic is useful whiledgtog the motor performance of
the affected hand, but does not measure its realnrusimanual activity. Finally,
the measurement of the involvement of the affebittl in bimanual activities is
usually assessed in standardized actions, rathariththe common activities the
child carries out in his/her daily living.

To our knowledge, none of the assessment toolsemilyr available test the
spontaneous use of the impaired hand in the evwatuaession. Very often the
attention is devoted to explore the capacity théddmas to carry out a certain
tasks (best performance), instead of understangiavg and how often the child
utilizes the hand during ADL and play activities.

Another major reason of complaint is that some hefsé scales were mainly
designed for and are limited to adult patientsngperery difficult to apply in
paediatric populations. An assessment scale spaltyfidesigned for movement
disorders in paediatric populations is crucial.sTétcale should take into account
and measure movement-disorder severity, and asartpact of the disorder on
child development and functioning, aspects that laghly age-specific and

relevant to all types of movement disorders.
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In the assessment of the function of the affectedb lin the child hemiplegic
cerebral palsy, the learned non-use or the devedophdisuse are fundamental
to be taken in consideration since they charaaetie disease’s natural history.
As these children develop they tend to acquire eyeater skill with the
unaffected hand and increasingly neglect the ingplairand. As a consequence,
such children show good hand function if requireduse the impaired hand
during a therapy session, but hardly ever use ispontaneous manipulation
during play or ADL.

As demonstrated in a prospective study on 31 dmldvith hemiplegic cerebral
palsy*’, to evaluate the real disability of the affectashdh, grip assessment is
insufficient and an instrument assessing spontandmand use in bilateral
manipulation is required for meaningful clinicasassment of hand function and
disability.

Recently, a new tool for hand function assessméme Assisting Hand
Assessment (AHAJ? was developed to measure how effectively the liregb
hand is used for bimanual activity. It is based avservations of actions
performed in relevant activities and is meant tflect the child’'s usually
performance, and not the best capacity. The raade categories a graded in a
scale of effectiveness (4 = effective, 3 = somewdiifgctive, 2 = ineffective, 1 =
does not do). The activities proposed deal withy @assion and daily living

actions, stratified by age, in order to assesstap@ous use in bimanual activities.
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However, the scoring system does not evaluate flieeteweness of movement,
but the quality of patterns and mostly the variapibr the stereotypy in grasping
patterns.

Despite the application of these assessment taolshe single patient, their
applicability should be easily extended to groupgatients in order to compare
the trend of impairment in larger samples and deepiderstand the natural
history: The possibility to compare test resultmisaningful also to conduct valid
a reliable clinical research to assess new tredtomions and to compare two or

more rehabilitation approaches.

Aims of the study

The aims of the study were to evaluate the integrreeliability of QUEST and
Besta Scale and to assess the relationship betWeetales.

This phase was utilized not only to be able to mesaghe variability among
assessors of primary outcome measures in ordesdothis coefficient as an
estimation of the variability of the measurementl tof primary end-point, but
also by the opportunity of providing further stardized training for all assessors

participating to the clinical trial (if needed).

Materials and Methods

Patients

Participants were included in the study if they evdiagnosed with hemiplegic
cerebral palsy, aged between 2 and 10 years, aedt@lunderstand the test

instructions.
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Besta and QUEST scale were administered to 39npatand the administration
was video-recorded. Each video was evaluated bgsa@ssors belonging to 20
different rehabilitation centers. Per each patiefarmation was collected on age,
sex, side of the hemiplegia, and severity of impaint (Table 6.1).

The levels of severity of UE motor impairment weligided into three groups,

according to the following criteria. In the groupttle paretic hand manipulates
without restrictions but with limitations in morehanced fine motor skills, in the

group 2, the paretic hand has only holding functiaring bimanual manipulation

and in the group 3, the paretic hand has no funatiability.

Chi squared test was utilized to verify if theresvean equal distribution among the
age classes and severity classes and the equautisin was confirmed (p value

= 0.6622).
The measurement tools

The Besta Scaleis an instrument that was developed in 1985 at the
Developmental Neurology Division of the Istituto iNelogico (Neurological
Institute) “Carlo Besta” in Milan, to assess quality of grip (hand function
request) and spontaneous hand use (bilateral matign), and their changes in
relation to age and degree of impairment. The fietsion of this assessment
protocol was described in 1986, in a study in whgthical characteristics were
analyzed in relation to aetiological factors andhpated tomography findings in
30 children with congenital hemipledfa After modification, the instrument was
used in a prospective study to evaluate changband impairment and bilateral

manipulation skills over timf&* To assess the inter-rater reliability of these
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instruments a pilot study was conducted in 1993 %rchildren with hemiplegia
under 7 years old and 15 children with hemiplegieero7 years old. The
videotapes of grip assessment and bilateral maatipul activity assessment for
each child were scored by three observers (an aticugal therapist, a paediatric
neurologist, and a medical student), and the Kissiatwas calculated. Inter-
observer agreement of grip scores was excellent=(K.95). For bilateral
manipulation scores the agreement was also goakdellent, with K ranging
from 0.75 to 0.89 for the assessment of youngeédm&r and from 0.69 to 0.90 for
children over 7 years of age.

In the scale, grip assessment is performed in rrdatdized setting, asking the
child to pick up different sized cubes on requ&bke quality of grip is videotaped
and scored in a hierarchical way (from 0 to 3).r8aoeous use is assessed during
structured activities requiring both hands and ¢asitandardized according to age.
The scoring system for the quality of manipulatisnbased on variability and
stereotypy of movement pattéfh score 0, no use of impaired limb; score 1, use
of impaired limb in a stereotyped pattern (wrisport) for holding; score 2,
cooperation of the impaired hand in manipulationhoyding with a restricted
number of stereotyped patterns; score 3, cooperatidhe impaired hand with
holding and manipulation, using a varied repertaifgatterns. The assessment
was video-recorded and scored on subsequent viewing

Grip. The assessment was performed in a standardizeénigséthe child sat in a
chair at a table adjusted to his or her heighte&toubes of different sizes (side

measurements 4, 2.5, and 1cm) were placed on ke dad the child was asked

123



to pick up the cubes first with the unaffected hamdl then with the impaired
hand. There was no time limit. The performance wdso-recorded. The scoring
system for grip impairment was as follows: 0, ifidbto grip cube; 1, grasping or
whole-hand grip; 2, radial or three-finger gripp®&cer grip.

Spontaneous use of affected hand during bilaterahipulation. Use of the
affected hand during bilateral manipulation waseassd during structured
activities requiring both hands, standardized atiogrto age. For children up to
age 7 years the tasks were to throw a large loalédr a sheet of paper into many
pieces, to unscrew and screw the cap of a bottle,t@a open a packet tied with
adhesive tape. Children over the age of 7 yearsttazgpen a packet tied with
string in a single knot, to wrap an object in pafmming a parcel, to cut out
geometrical figures and stick them onto a shegiapfer, and to fold a piece of
paper and place it in an envelope. The assessnanvideo-recorded and scored
on subsequent viewing.

StereognosisStereognosis was usually assessed at the age e&r4 pecause
younger children often do not cooperate or do rasehsufficient attention. The
procedure used is part of a test battery for evi@mgahe gnosic competence of
preschool children. A set of 5 familiar objects we®d: a small spoon, a coin, a
brush, a small ball, and a doll. The objects waregn the table in front of the
child who could touch and recognize them. A secsetdof identical objects was
used to assess tactile recognition without visidmre objects were first placed in
the unaffected hand in random order and the claftitb point to the object on the

table corresponding to one in the hand. The objasse then placed in the

124



affected hand in random order, and if necessary dhiéd was helped to
manipulate and explore them with the fingers. Stgnesis was considered

normal when all 5 objects were identified, and wassidered absent otherwise.

The QUEST scalé*® is used to evaluate quality of upper extremitycfion in
four main domains: dissociated movement, graspieptive extension, and
weight bearing. The validation studies have beanpteted with children with
cerebral palsy aged 18 months to 8 years. It isudated in 36 items assessing
dissociated movements, grasp, protective extensamu weight bearing. A
separate scoring is given to

The scale administration requires 30 - 45 minutesiais administered within a
play context. Items are related to quality of moeainnot to chronological age.

In the literature, three reliability studies haveeh completed with children with
cerebral palsy and the observer reliability of @QgEST and its domains ranges
from 0.51 to 0.96 with all coefficients except ogeeater than 0.70. Test-retest
reliability of QUEST and its domains ranges fron¥®.to 0.95. Concurrent
validity with the Peabody Developmental Motor SealEDMS) - fine motor is
0.84. Correlations between QUEST domains and safes®f the PDMS range
from 0.58 to 0.84.

The grasp domain correlates highly with all areastlfie PDMS while protective

extension is lower.
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Construct validity with therapist's judgement ofldls level of hand function -
0.72 for left hand function, and 0.58 for right danction. Correlation between

chronological age and QUEST score was 0.33.
Professionals training

A specific training program was provided to familza professionals with testing
procedures in order to develop a homogeneous astmaition and videotaping of
the Besta Scale and QUEST tests.

The principal investigators of the participatingntegs were equipped with a
training package including: a presentation modillstrating the sections of each
scale (QUEST and Besta Scale) and describing tbengc procedures with
practical video-recorded examples, which includesl tideos of 3 children with
different levels of hemiplegia, 2 of which were &b and the third was blind
(with the scoring enclosed in a sealed envelope).

After the self-training phase, a meeting with satperts was organized for the
principal investigators in order to discuss issuefated to administration.
recording procedure and scoring process.

2 experienced training core members of staff evatlughe videotapes to assess
the quality of procedures employed by each clinicehter and exclude
participants that were not sufficiently traineddahey also rated the videotapes.
Periodical meetings were held during the secondeproyear among all the
representatives of the participating centers. Thmeetings included participant
chart reviews, focus groups with research partidpaand key informative

interviews with Training Core staff. Informationtgared during these meetings,
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along with data collected with the standardizafoacedures, was included in a

trial evaluation process.
Video-recording standardized protocol

Each clinical centre provided the video-recordirigh® administration of the 2
tests (QUEST and Besta Scale) to 2 children of teiniplegic population, in all
42 cases (2 per each centre) who undergone thenmtimiion and video-
recording of 2 test: in all 84 videos, 42 Bestales@nd 42 QUEST scale). The
coordinating centre sent the 84 videos to all theparticipating centre and all
videos were scored by the principal investigator t¢dal amount of 84
assessments, 2 per all 42 children video-recorddb@valuations were collected
and analysed by the coordinating centre in orde@viduate the agreement among
the investigators involved, considering separatelyne analysis each item scored,
partial scoring values of scales sections and tetaking values of Besta and

QUEST scales.
Statistical Analysis

Patients’ data were collected in a database andugepo date using Microsoft
Acces$ software (Microsoft Corp., Redmond, WA, USA). Tétatistical analysis
was done with the SASpackage, version 9.1 (SAS Institute Inc., Cary,, NC
USA).

Summary statistics of the overall scores are ptedess meas SD ratings. Inter-
rater reliability of Besta scales and QUEST wagsssd by Kendall's coefficient

of concordance (K) and intraclass correlation doedffit (ICC) respectively.
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Kappa statistic is used to compute estimates asth tef agreement among
multiple raters when ratings are on ordinal staleKendall's coefficient of
concordance is comprised between 0 (= no agreeraedt) (=perfect agreement)
and indicates the degree of agreement accordinyisorange: “0-0.2"=slight;
“0.2-0.4"=fair;  “0.4-0.6"=moderate, “0.6-0.8"=sulasttial, *“0.8-1"=almost
perfect’®. SAS “%MAGREE macro” was utilized to compute Kelida
coefficient*.
The ICC coefficient is used to test inter-ratereggnent on continuous ratings.
ICC may be conceptualized as the ratio of betwagjests variance to total
variance. ICC has a range of 0-1, with 1 represgnperfect inter-rater
agreemerit®*®! Beside the ICC coefficient, in the tables therses of variance
are reported (Sum of Squares, SS), one due to satgdcts and one due to raters,
and the ratio between the two SS. SAS “WINTRACC nwiagvas utilized to
compute ICC>#1°3
Patients were stratified by age in three age ckag@e3”, “4-5","6-10“) and by
severity of impairment (“1” mild impairment, “2” ndgum impairment, “3” severe
impairment).
Besta scale was analyzed both item by item (23;itemge 0-3) and on the 5
global mean scores (1 overall mean score and 4actimns mean scores):
Assessment on the grasp function of the paretid lbarrequest (4 items);
Qualitative assessment of the spontaneous use gfaitetic hand in bimanual

manipulatory activities(4 items);
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Qualitative assessment of the use of the parefid lma feeding and clothing
Activities of Daily Living in younger children(11ams);
Qualitative assessment of the use of the parefid lma feeding and clothing

Activities of Daily Living in younger children (4e@ms).

For QUEST the analysis has been carried out orb thebscale scores (range O-
100) calculated according to the algorithm givethmy/ scale scoring system.
Dissociated movements (A);
Grasping (B);
Weight bearing (C);
Protective extension (D);
Global score.
In order to be able to calculate the scoring oftthe hands separately, all items
with a positive answer (modality “yes”) were summgdattributing a “+1” each.
The items have been grouped homogeneously intaétegories:
Dissociated movements: shoulder, elbow, wrist amgefs (28 items);
Dissociated movements combine with grasping ofteecd items);
Grasping of a cube of 2.5 cm, a pencil and a matitha felt pen (12
items);
Weight bearing (24 items);

Protective extension (18 items).
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For every subject, given a value of 1 for everyitpes response per single item,
extra scores were calculated separating the resiltthe affected and the

unaffected hand.

Results

Mean scores and SD: Besta and QUEST

Besta scale. 780 scales have been elaborated. [Bhal gnean score was
calculated in 5.43 (x 2.3 SD). As expected, thebglscore decreases with the
increasing of severity of impairment (7:345.41> 2.44) and increases with the
increase of child’s age (4.66 5.52>5.82) (Table 6.2). The same behaviour is
observed in each sub-scale mean score. In gerféfalare relatively small
showing a limited variation in scoring by assessdrse trend of scores is
plausible from a biological/clinical point of view.

QUEST. A different behaviour is observed in QUESRIs: the global score
tends to increase with age (72.0/4.5-> 76.8) (except from protective extension
for which a decreasing is observed) and decreatie severity (85.% 73.7 >
58.7) (Table 6.3). Looking at age the scale seemanderestimate the tasks
performing of children age 4-5 years, despite gwell on impairment, especially
for the dissociated movements. In some case theisSBigh or very high
indicating an extreme variability in scoring or fseming.

The separate analysis of affected and unaffecteld $hows that some sections of
the test are very confusing not separating theopmdnce as biologically
expected. For example, in weight bearing area, st@ing of 6-9 years old

children is completely overlapped and confusedhildren aged 4-5 years with a
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level of impairment of 3, the score is always tbevdr. On the contrary, the
unaffected side of the same age children (4-5)vismys scored as the highest,
except from weight bearing. An interesting reswgards the scoring of the
unaffected hand of the children with a level 3 iinp&nt: in these cases the hand
is judged as performing better than the unaffedtadd in general. The most
regular trends are observed in dissociated movesyard grasp function (Table
6.4, Figure 6.1). In children aged 6-9 years inghebearing, the assessors seem
not to be able to distinguish the performance & three levels of severity

confusing them with the unaffected limb (Figure)6.1
Kendall's K coefficient

In Besta Scale, the calculation for the K coeffitishows a value of 0.47 for the
overall global score. In the global value of singgens the K has the highest value
for wearing pants (0.64) and wearing shoes (0.68Bg lowest agreement is
calculated for grasp a bilia and take off the see¢d.35) (Table 6.5).

In general, K is higher in ADL (both in younger aindolder), while it is lower in
grasp and spontaneous use.

The analysis stratified for level of severity sha¥ws following (Table 6.5):

» Severity 1. minimum agreement is observed in graspube of different
measures (0.11-0.12), while maximum agreement $&mkd in wearing
pants, socks and shoes (0.82).

» Severity 2: minimum agreement is observed in tsaué paper and wrap
a packet (0.09), while maximum agreement is obskmegrasping cube

of different measures (0.44-0.51) and use forklamfié (0.52).
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e Severity 3: minimum agreement is observe for tleenitake off socks
(0.22) and maximum for cut with fork and knife. general a good
agreement is observed for ADL in younger ages.

The analysis stratified for age shows that the exgent is higher for 4-5 years-
aged for the grasping function (Table 6.5), white &ll other subscales the
agreement increases with age (i.e. the older tid ttre higher is the inter-rater

agreement).
Intraclass Correlation Coefficient (ICC)

In the global score and sub-scales scores the EI@es from 0.59 to 0.71,
showing a good agreement among assessors (dentedsaiao by the rate SS
observer/ SS patient always below 1).

Looking at the distribution of age the total ICQreases as the child gets older,
showing an higher agreement among assessors Wkilehild grows, for all the
sections of the scale (Table 6.6). For youngerdohiil the assessment is highly
affected in the scoring of dissociated movements \anaight bearing, probably
because in this age these tasks are performediiffittulties.

For the level of severity, there is a higher agreeinior patients with the highest
level of impairment. This is particularly relevaior 6-9 years age group (Table
6.6).

Unexpectedly, the assessment of the unaffected tiasbsome spikes of extreme
variability, particularly for dissociated movemer&sgrasping (total scores) and

for grasping in the less severe children (Tablé. 6.7
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The agreement among observers for the affectedifrbbtter than the unaffected
one, particularly for grasping function (very hidgbr all the age groups).
According to severity, the agreement is betteoihpared to the other categories

for children with a less severe impairment (Tabk).6

Discussion

In this study we examined the interrater reliapilif the Besta Scale and the
QUEST in a group of young children with hemipleGie.

Agreement between continuous data measured froferehft observers or
measurement methods is a question that has recaigesht deal of consideration
from the scientific community. The Intraclass Ctatien Coefficient is one of the
most popular aggregate procedures used to meag@enaent when data are on a
continuous scale. The Intraclass Correlation Coefiit (ICC) measures the
amount of overall data variance due to betweenestbyariability. Since the ICC
is defined using variance components, several sgmes of ICC can be found in
the literature depending on the measurement medietted to fit the data. But at
the same time, this flexibility of the ICC causemfuision or misunderstanding,
because the underlying measurement model.

For the QUEST, the interrater reliability of thaaoscore and the domains was
very high and in agreement with the study of De tbtatand of Klingels. The
domains showing a clearly lower reliability are fRmtective Extension and the
Weight Bearing.

A clear advantage of QUEST is represented by tlssipihity to assess separately

the two upper limbs. In this way a focus on theet#d limb can be done and this
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results particularly useful while assessing thebliperformance before and after
treatment.

Also Besta scale showed good agreement resultscydarly regarding the ADL
for older children and spontaneous use for morergevases.

Besta scale was conceived in a way that not thé feE$ormance was to be
evaluated, but the capability. In other words, dssessor should be able to score
the ability of continuing to perform the task imm#& (not just once). This
characteristic could affect the agreement amongsasss, since not just the
quality of the movement but also its reproductiartime are to be judged. The
scale scoring systems seems to be able to respagdadod way to this difficulty.

A limitation of this study is the administration thfe QUEST to children younger
than 4 years. In these cases the level of developwfemotor function is too
immature and therefore it is difficult to distinghithe impossibility to perform
the task required due to age from the disabilityedeined by the cerebral palsy.
In this way, the agreement among observers miglafieeted and biased by age
as a confounding factor.

It is crucial to gain more insight into the perf@nte of bimanual activities, not
only in an assessment setting, but also duringiedaictivities performed
spontaneously. Particularly to improve the undediteg of this second aspect
further studies are need to explore the qualitBesta scale. In fact, by comparing
the results of the capacity of the hemiplegic sidth the performance of the
hemiplegic side in bimanual activities, instructaanclusions can be drawn about

the developmental non-use of the hemiplegic side.
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In conclusion, this study demonstrated that QUEST Besta scale are reliable
measurement scales to evaluate unilateral uppds fumction and bimanual

spontaneous use (Besta) in young children with pkagic cerebral palsy.
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Tables & Figures

Table 6.1.Assessed patients: Demographic characteristics

Variables N

Cases 39
Sex (Males/Females, %M/ %F)

Male (n, %) 21(52)

Female (n, %) 1848)
Age

2-3 yrs (n, %) 943)

4-5 yrs (n, %) 1641)

6-10 yrs (n, %) 1436)
Side affected (right/left)

Right (n, %) 2051)

Left (n, %) 19(49)
Severity of impairment*

1 (n, %) 1333)

2 (n, %) 1846)

3 (n, %) 8(21)
Assessors 20
Experienced assessors 2
Besta Assessments 780
QUEST Assessments 780

(* for severity classes see Facchin ettah J Phys Ther RehaB009)
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Table 6.2.Besta Scale: mean scores and Standard deviafiyn(&ge: 0-3)

SEVERITY AGE

TOTAL 1 2 3 2-3 4-5 6-10

mean SD mean SD mean SD mean SD mean SD mean SD mean SD
Assessment on tigeasp function of the paretic hand on request
Grasp a bilia 1.99 0.8 254 05 2.08 0.4 0.95 0.9 1.74 0.8 2.04 1.0 2.06 0.6
Grasp a cube 1.5 cm 2.01 0.8 256 0.5 2.09 04 1.00 0.9 1.77 0.8 2.07 1.0 2.08 0.6
Grasp a cube 2.5 cm 1.99 0.8 252 05 2.08 0.4 0.99 0.9 1.77 0.8 2.06 1.0 2.04 0.6
Grasp a cube 4 cm 1.96 0.9 256 0.5 2.04 05 0.86 0.9 1.78 09 2.01 1.0 2.01 0.7
Mean score 1.99 0.8 255 05 2.07 04 0.95 0.9 1.78 0.8 2.05 1.0 205 0.6
Qualitative assessment of the spontaneous use gittetic hand ibimanual
manipulatory activities
Hold/throw a big/small ballynwrap a packet 1.93 0.9 264 05 184 0.6 0.99 0.8 1.72 0.7 192 1.0 2.07 0.7
Tear tissue papeVrap a packet 2.06 0.7 249 06 2.04 0.5 1.35 0.7 2.07 0.6 2.07 0.8 2.03 0.7
Grasp/drink from baby’s bottle/bottle; uncork/fil a bottle;Fold a sheet 1.86 0.9 250 06 1.86 0.6 0.98 0.8 1.61 0.8 192 09 195 0.8
Grasp a doll; unwrap a packetaste paper shapes on the corresponding outlines1.98 0.9 268 0.5 193 0.5 0.96 0.9 1.87 0.8 2.11 09 191 0.8
Mean score 1.96 0.7 257 04 193 04 1.06 0.7 1.83 0.6 2.00 0.8 2.00 0.6
Qualitative assessment of the use of the paretid lirmfeeding and clothing
Activities of Daily Living
Drink from a cup (>18 m) 181 1.1 266 06 1.78 0.9 0.66 0.8 15310 19711 181 11
Drink form a big glass (>18 m) 1.10 1.2 15314 1.07 1.1 0.56 0.8 1.00 1.2 1.16 1.3 1.09 1.2
Slice the bread (>18 m) 1.95 0.8 247 05 2.07 05 1.07 0.8 184 0.6 194 09 219 0.6
Fold a napkin (> 3 yrs) 1.86 1.0 262 05 1.75 0.8 0.64 0.9 166 1.1 194 1.0 187 1.0
Cut with fork and knife (> 6 yrs) 2.12 0.6 279 04 182 04 195 0.2 . . . . 212 0.6
Wash hands (> 2 yrs) 1.80 1.0 255 0.7 171 0.8 0.89 0.7 14110 196 1.0 196 0.8
Wash face (> 2 yrs) 1.21 1.3 206 1.2 0.75 1.0 0.22 0.5 124 12 13112 094 1.3
Take off the shoes (> 2 yrs) 1.10 1.2 217 1.1 0.73 1.0 0.25 0.7 1.00 1.2 124 12 0.89 1.3
Take off the socks (>18 m) 1.21 1.3 219 11 090 1.1 0.21 0.6 1.08 1.2 130 13 116 1.3
Take off the sweater (> 3 yrs) 156 1.2 262 06 121 0.9 0.10 0.3 140 1.0 178 1.2 121 1.2
Take off the trousers (> 2 yrs) 1.32 1.2 250 0.8 094 1.0 0.07 04 10512 149 12 121 1.3
Mean score 1.49 0.9 23505 133 0.6 052 0.5 1.26 0.8 163 09 145 0.9
Wear a sweater 194 1.0 3.00 0.2 179 0.7 0.39 05 194 1.0
Wear trousers 2.17 0.8 3.00 0.2 196 05 0.14 04 217 0.8
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SEVERITY AGE
TOTAL 1 2 3 2-3 4-5 6-10
mean SD mean SD mean SD mean SD mean SD mean SD mean SD
Wear socks 2.01 1.0 3.00 0.2 1.99 0.6 0.00 0.0 201 1.0
Wear shoes 1.75 1.1 3.00 0.2 156 0.8 0.00 0.0 1.75 1.1
Mean score 1.93 0.9 3.00 0.2 1.83 0.5 0.13 0.2 . . . . 193 0.9
Global Mean score 543 2.3 734 16 541 1.1 244 19 466 1.9 552 25 582 2.2
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Table 6.3.QUEST: mean scores and SD (range: 0-100)

SEVERITY
1 2 3 TOTAL
AGE mean SD mean SD mean SD mean SD
Dissociated movements 2-3 841 7.6 73.4 13.7 70.1 12.6 74.6 13.2
4-5 859 148 70.2 1438 56.7 8.2 745 17.6
6-9 942 6.2 786 104 659 7.9 81.3 13.0
TOTAL 88.2 124 746 13.3 64.2 11.6 76.9 15.4
Grasp 2-3 80.9 9.3 63.8 16.8 478 17.0 62.0 19.7
4-5 859 13.0 718 16.6 46.3 154 73.2 20.7
6-9 89.4 10.8 69.2 145 56.7 124 73.2 17.3
TOTAL 86.3 12.1 68.9 16.0 49,5 15.8 70.6 19.9
Weight bearing 2-3 86.0 19.8 775 40.1 64.2 40.3 747 37.5
4-5 942 88 795 185 53.1 324 81.0 24.0
6-9 529 819 843 154 81.4 12.3 75.1 47.1
TOTAL 80.4 495 81.2 24.0 64.4 34.0 77.4 36.8
Protective extension 2-3 75.6 240 66.8 29.6 645 20.3 67.9 25.7
4-5 68.7 36.8 45.2 63.1 440 311 55.2 49.1
6-9 35,3 77.7 66.7 22.8 36.0 32.6 53.3 48.6
TOTAL 59.7 53.8 59.4 433 49.8 30.2 575 44.9
Global Score 2-3 81.6 120 72.2 13.0 62.9 14.1 71.0 14.9
4-5 85.0 10.2 73.2 11.3 528 8.2 745 15.5
6-9 89.0 9.0 747 117 60.8 10.7 76.8 14.1
TOTAL 85.7 104 73.7 11.8 58.7 12.2 745 15.0
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Table 6.4.QUEST: mean scores (ranges respectively: 0-28,0012, 0-24, 0-18)

Unaffected limb

Affected limb

Unaffected limb Severity 3 Severity 1 Severity 2 Severity 3

AGE median SD median SD median SD median SD median SD

Dissociated movements 2-3 20.4 6.9 16.8 6.2 19.3 3.7 12.8 4.9 9.6 5.2

4-5 20.5 8.4 25.7 2.6 18.3 8.9 9.6 6.8 4.1 3.9

6-9 26.0 3.0 26.4 2.3 232 44 16.1 6.1 9.9 3.6

TOTAL 225 7.1 225 6.2 200 7.4 13.2 6.7 76 5.1

Dissociated movements & 3.8 0.7 3.8 0.7 3.6 0.9 28 1.2 09 14
grasp 2-3

4-5 3.6 1.0 3.8 0.6 36 1.0 3.0 1.3 0.6 1.0

6-9 3.7 0.9 3.9 0.4 35 1.2 26 1.3 15 15

TOTAL 3.7 0.9 3.8 0.6 36 1.0 28 1.3 1.0 1.3

Grasp 2-3 8.4 3.0 7.0 2.5 80 23 3.6 2.0 15 23

4-5 9.8 3.0 10.5 25 85 29 6.3 3.0 06 1.1

6-9 11.2 1.7 11.2 1.4 9.6 24 49 2.8 22 2.0

TOTAL 10.0 2.7 9.3 2.9 8.8 2.7 51 2.9 1.3 2.0

Weight bearing 2-3 17.7 7.6 14.9 8.0 23.7 3.4 16.7 6.8 13.0 9.3

4-5 21.0 6.8 21.1 6.5 240 2.3 16.1 8.1 9.2 7.9

6-9 22.7 6.4 24.8 0.8 19.3 10.3 225 4.8 239 15

TOTAL 20.9 7.0 19.6 7.5 225 6.4 19.1 7.2 14.3 9.4

Protective extension 2-3 12.6 4.2 11.1 3.3 13.3 3.2 10.3 3.7 9.3 45

4-5 13.4 5.5 13.4 4.6 135 5.8 11.0 6.1 3.3 4.7

6-9 14.0 5.6 9.8 3.5 127 7.4 13.3 5.0 6.4 6.0

TOTAL 13.5 5.2 11.6 4.1 13.2 6.0 11.8 5.3 6.4 5.6
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Table 6.5.K for Besta Scale

SEVERITY AGE

TOTAL 1 2 3 2-3 4-5 6-9
Assessment on tigeasp function of the paretic hand on request
Grasp a bilia 0.35 0.15 0.29 0.34 0.34 0.35 0.28
Grasp a cube 1.5 cm 0.43 0.11 0.44 0.49 0.26 0.49 0.34
Grasp a cube 2.5 cm 0.46 0.12 0.50 0.52 0.32 0.52 0.36
Grasp a cube 4 cm 0.45 0.11 0.51 0.53 0.35 0.49 0.33
Mean score 0.42 0.12 0.43 0.47 0.32 0.46 0.33
Qualitative assessment of the spontaneou®fifee paretic hand ibimanual manipulatory activities
Hold/throw a big/small ball; Unwrap a packet 0.43 0.22 0.17 0.60 0.36 0.40 0.45
Tear tissue paper; Wrap a packet 0.40 0.37 0.09 0.42 0.27 043 043
Grasp/drink from baby’s bottle/bottle; uncork/iitl a bottle; Fold a sheet 0.37 0.36 0.14 0.35 0.26 0.31 0.48
Grasp a doll; unwrap a packet; Paste paper shaptbe @orresponding outlines 043 0.34 0.12 0.47 0.48 0.38 0.39
Mean score 0.41 0.32 0.13 0.46 0.35 0.38 0.44
Qualitative assessment of the use of the paretid rafeeding and clothingDL younger
Drink from a cup (>18 m) 0.49 0.36 0.41 0.52 0.28 0.47 0.65
Drink form a big glass (>18 m) 0.42 0.37 0.28 0.51 0.36 0.44 0.38
Slice the bread (>18 m) 0.49 0.37 0.46 0.51 0.40 0.43 0.57
Fold a napkin (> 3 yrs) 0.53 0.40 0.50 0.71 0.52 0.49 0.57
Cut with fork and knife (> 6 yrs) 0.57 0.34 0.52 0.82 - - 057
Wash hands (> 2 yrs) 0.44 0.38 0.37 0.28 0.32 0.42 0.50
Wash face (> 2 yrs) 0.46 0.38 0.44 0.29 0.47 0.46 0.34
Take off the shoes (> 2 yrs) 0.41 0.41 0.25 0.38 0.26 0.43 0.45
Take off the socks (>18 m) 0.42 0.34 0.34 0.22 0.33 042 041
Take off the sweater (> 3 yrs) 0.35 0.23 0.23 0.09* 0.28 031 0.34
Take off the trousers (> 2 yrs) 0.42 0.31 0.32 0.01* 0.37 0.40 0.35
Mean score 0.45 0.35 0.37 0.47 0.36 0.43 047
Qualitative assessment of the use of the paretid lirafeeding and clothingDL older
Wear a sweater 0.52 0.79 0.28 -* - - 052
Wear trousers 0.64 0.82 0.42 -* - - 064
Wear socks 0.60 0.82 0.37 -* - - 0.60
Wear shoes 0.63 0.82 0.39 -* - - 0.63
Mean score 0.60 0.82 0.37 -* - - 0.60
Global Mean score 0.47 0.39 0.34 0.47 0.35 0.42 0.46
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Table 6.6.ICC for QUEST Scale

SEVERITY

1 2 3 TOTAL
ss ss SS
AGE  ICC SS SS SSobs/ IcC SS SS obs/ ICC SS SS obs/ ICC SS SS obs/
pat obs SS pat pat obs pat obs pat obs SS
SS pat SS pat pat
Dissociate movements2-3 0.01 49 1.240 25.44 0.04 688 5.745 8.35 0.11 544 5.512 10.14 0.25 5.958 8.853 1.49
4-5 0.42 11.042 4.488 0.41 0.15 3.600 8.124 2.26 0.24 734 1.109 1.51 0.57 52.107 8.424 0.16
6-9 0.30 747 735 0.98 0.70 10.045 2.416 0.24 0.66 949 971 1.02 0.82 34.735 2.648 0.08
TOTAL 0.43 15.931 4.067 0.26 0.34 19.08510.428 0.55 0.43 7.485 4.452 0.59 0.59 100.453 14.432 0.14
Grasp 2-3 0.00 3 2245 89530 0.20 4.448 3913 0.88 0.07 1.281 6.119 4.78 0.48 31.073 5.892 0.19
4-5 0.28 6.780 2.086 0.31 0.37 9.400 8.994 0.96 0.13 1.641 4.899 299 0.63 79.951 8.644 0.11
6-9 0.34 2.292 3.025 1.32 048 13.235 6.242 0.47 0.53 1908 2481 1.30 0.66 50.473 5.405 0.11
TOTAL 0.28 10.918 2.919 0.27 0.36 29.999 11.961 0.40 0.20 7.611 7.198 0.95 0.61 177.954 13.112 0.07
Weight bearing 2-3 0.48 5.646 4.206 0.74 0.02 2.580 34.200 13.25 0.45 36.101 18.761 0.52 0.21  56.161 27.377 0.49
4-5 0.25 2.314 2.235 0.97 0.42 14130 8.226 0.58 0.14 7.822 19.999 256 0.54 90.649 15.621 0.17
6-9 1.00 480.229 881 0.00 0.57 19.008 4.329 0.23 0.22 303 4.426 14.61 0.97 549.611 6.684 0.01
TOTAL 0.97 569.174 4.255 0.01 0.17 38.521 23.031  0.60 0.35 62.330 22.653 0.36 0.71 702.901 34.579 0.05
Protective extension 2-3 0.60 11.581 3.764 0.32 0.34 20.13514.891 0.74 0.37 5.970 9.113 1.53 0.39 40.632 18.887 0.46
4-5 0.18 35.622 27.356 0.77 0.86 377.399 23.640 0.06 0.00 1.903 15.408 8.10 0.62 457.539 30.540 0.07
6-9 0.92 393.256 12.652 0.03 0.58 40.207 12.415 0.31 0.40 13.470 10.439 0.78 0.84 508.819 22.171 0.04
TOTAL 0.72 503.797 27.637 0.05 0.77 472.976 32.490 0.07 0.30 43.436 15.769 0.36 0.69 1.031.607 50.976 0.05
Global score 2-3 0.56 2.215 1.743 0.79 0.33 3.410 3.791 1.11 0.55 4.257 4.239 1.00 0.56 18.059 7.000 0.39
4-5 0.34 4.107 2.837 0.69 0.43 4.541 4915 1.08 0.27 612 1.664 2.72 0.74 50.293 7.195 0.14
6-9 0.38 1.992 1.478 0.74 0.69 11.845 3.717 0.31 0.72 2.193 1.363 0.62 0.78 38.015 5.151 0.14
TOTAL 0.39 9.817 4.394 0.45 0.50 20.136 9.934 0.49 0.55 10.224 5.356 0.52 0.71 109.775 16.763 0.15
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Table 6.7.ICC and the unaffected limb for QUEST Scale

SEVERITY
1 2 3 TOTAL

SS SS SSobs/ SS SS SSobs/ SS SS SSobs/ SS SS SSobs/

AGE ICC pat obs SS pat ICC pat obs SS pat ICC pat obs SS pat ICC pat obs SS pat

Dissociated Movements 2-3 0.31 28 144 5.13 0.67 1.974 967 0.49 0.27 305 1.293 4.24 0.58 3.964 1.462 0.37
4-5 0.82 8.138 603 0.07 0.71 4.810 1.218 0.25 0.05 19 124 6.53 0.77 15.507 1.352 0.09

6-9 0.14 164 325 1.99 0.19 146 204 139 0.09 10 120 12.16 0.18 451 383 0.85

TOTAL 0.76 9.350 828 0.09 0.73 12.415 1.467 0.12 0.65 3.390 860 0.25 0.72 25.430 2.545 0.10

Dissociated Movements & grasp 2-3 0.00 0 11 295.69 0.00 1 7 6.99 0.00 0 9 42.85 0.00 1 12 12.00
4-5 0.15 19 30 1.57 0.06 11 32 3.05 0.00 1 8 13.00 0.10 35 35 1.00

6-9 026 25 22 0.91 0.04 6 32 5.25 0.00 0 4 8.29 0.15 35 37 1.06

TOTAL 0.16 45 30 0.66 0.05 23 42 1.82 0.02 1 10 7.06 0.09 76 69 0.91

Grasp 2-3 0.00 0 59 12742 0.30 181 219 1.21 0.15 44 148 3.39 0.37 490 262 0.53
4-5 0.15 121 322 2.66 0.60 630 112 0.18 0.36 103 103 1.00 042 964 385 0.40

6-9 0.00 1 54 65.07 0.41 157 57 0.36 0.26 9 36 398 029 168 99 0.59

TOTAL 0.14 180 248 1.38 0.53 1.354 245 0.18 0.57 698 151 0.22 0.45 2.453 618 0.25

Weight bearing 2-3 0.03 8 223 27.98 0.36 1.031 1.065 1.03 0.68 2.341 385 0.16 0.57 5.146 903 0.18
4-5 0.11 64 223 3.46 0.65 4.520 781 0.17 0.65 1.408 286 0.20 0.66 8.810 458 0.05

6-9 1.00 7.700 12 0.00 0.18 248 174 0.70 0.00 0 17 57.32 0.89 9.158 111 0.01

TOTAL 0.90 8.935 152 0.02 0.59 9.386 937 0.10 0.73 6.197 309 0.05 0.70 26.212 929 0.04

Protective extension 2-3 0.11 34 255 7.54 0.18 176 498 2.83 021 95 251 2.66 0.25 711 523 0.74
4-5 0.56 1.548 357 0.23 0.68 3.101 240 0.08 0.46 471 280 0.60 0.59 5.373 413 0.08

6-9 0.85 3.592 156 0.04 0.48 948 172 0.18 0.48 141 180 1.28 0.75 5.955 267 0.04

TOTAL 0.69 5.380 462 0.09 0.57 5.117 435 0.08 0.44 1.025 440 0.43 0.59 12.476 878 0.07
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Table 6.8.ICC and the affected limb for QUEST Scale

SEVERITY
1 2 3 TOTAL

SS SS SSobs/ SS SS SSobs/ SS SS SSobs/ SS SS SSobs/

AGE ICC pat obs SSpat ICC pat obs SS pat ICC pat obs SS pat ICC pat obs SS pat

Dissociated Movements 2-3 0.00 0 273 1136.97 0.14 157 844 5.38 001 35 881 25.15 0.48 2.363 1.380 0.58
4-5 0.78 7.665 744 0.10 0.60 2.660 1.051 0.40 0.16 114 286 251 0.79 19.602 1.130 0.06

6-9 0.40 460 463 1.01 0.79 4.063 508 0.13 0.36 96 238 2.49 0.80 9.623 713 0.07

TOTAL 0.73 9.322 1.043 0.11 0.67 9.476 1.490 0.16 0.38 1.380 787 0.57 0.76 35.501 2.490 0.07

Dissociated Movements & grasp  2-3 0.00 0 25 189.45 0.31 25 28 1.14 0.65 58 24 0.41 0.71 276 52 0.19
4-5 0.12 16 33 2.05 0.29 50 39 0.79 039 25 6 0.22 061 440 39 0.09

6-9 0.28 27 23 0.85 0.29 69 51 0.73 0.70 32 36 1.12 0.46 237 68 0.29

TOTAL 0.14 43 39 0.90 029 156 84 0.54 052 131 31 0.24 0.58 993 124 0.12

Grasp 2-3 0.16 8 146 18.34 043 108 72 0.66 0.29 82 71 0.86 0.70 1.185 157 0.13
4-5 0.58 568 219 0.39 0.66 634 115 0.18 0.28 18 17 0.94 0.81 3.692 225 0.06

6-9 0.46 138 145 1.05 0.64 708 111 0.16 0.78 95 27 0.29 0.79 2.645 167 0.06

TOTAL 0.52 792 384 0.48 0.65 1.796 209 0.12 044 261 54 0.21 0.79 8.258 463 0.06

Weight bearing 2-3 0.01 13 183 14.02 0.35 951 1.021 1.07 0.75 3.493 411 0.12 0.64 7.083 816 0.12
4-5 0.00 27 149 5.55 0.76 5.544 352 0.06 0.27 442 2117 4.79 0.73 15.311 691 0.05

6-9 1.00 7.605 11 0.00 0.30 1.088 327 0.30 0.00 0 40 945.91 0.78 9.403 245 0.03

TOTAL 0.88 8.756 103 0.01 0.60 10.734 665 0.06 0.70 8.928 1.187 0.13 0.71 35.101 1.120 0.03

Protective extension 2-3 0.05 24 218 9.00 0.31 293 197 0.67 0.43 439 215 0.49 0.38 1.139 279 0.24
4-5 0.58 2.380 469 0.20 0.82 3.416 152 0.04 0.10 66 749 11.28 0.73 9.943 796 0.08

6-9 0.92 3.587 88 0.02 0.38 1.465 343 0.23 0.74 982 108 0.11 0.70 7.523 290 0.04

TOTAL 0.69 6.026 383 0.06 0.59 5.738 397 0.07 0.55 2.505 497 0.20 0.68 19.289 959 0.05
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Figure 6.1. QUEST. Mean scores of affected hand and unaffebted distributed by age (2-3; 4-5; 6-9) and byes&y of

impairment
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Background

In children with hemiplegic cerebral palsy (CP)e timpairment of upper
extremity both in strength and motor control repres an obstacle to exploration,
self care and all major activities of daily livingnd it has been the main target of
several treatment approaches used to improve uppeér function. A review
conducted by Boyd et d*in 2001 listed different treatment modalities desi
physiotherapy such as splinting, passive stret¢chapgsticity medication with
Baclofen and with Botulin Toxin A, and surgery. Sutreatments focus on
teaching compensatory skills and prevent defornfityt, none of them seems to
influence significantly the primary disorder.

More recently, a novel approach — Constraint Indudédovement Therapy
(CIMT) has been proposed in these cases. This apipras based on the
behavioral research conducted by Tauin the 1980s with non-human primates
who underwent deafferentation of a single foredotiowed by intensive forced
training of deafferented limb and combined with tletraint of the intact limb.
Although varying in its implementation, this treant is characterized by two
elements: a method of restraint in use of the uaingd limb combined with an
intensive practice and with repetitive tasks. lis thay the constraint of the non-
affected arm is made to encourage performance erpleutic tasks with the
affected arm, which children normally tend to disred.

CIMT has been used in several studies with aduftufasions presenting with
different acquired conditions such as stroke, tratigrbrain injury, and focal hand

dystonid™®. In particular, the results of the EXCITE triagcently published show
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significant larger improvements in the group ofiguait undergoing CIMT both
immediately after treatment and after 12 monthse Timprovement regards
quality and speed of paretic limb movement and arhadl paretic arm use in
ADL ™’ However a recent review by Cochrane examininRCJ's on 619 adults
concluded that CIMT has moderately positive effertsdisability at the end of
treatment®. These benefits were demonstrated on other outosueh as
improvement of limb motor function and motor impaént. Patients who seem to
benefit most are those with active wrist and fingetension, with limited pain or
spasticity. Nonetheless, it is still to be cleatgdif CIMT maintains efficacy in
the longer term follow-up and if the effect obsehaan be entirely attributed to
CIMT itself rather than on the amount and qualityepetitive exercise. Therefore
it is difficult to distinguish the effects of theomstraint from those of intensive
rehabilitation. Taub and Wolf° suggested that the impact on CIMT outcome
could be related more to intensity of treatmenintba the treatment principle
itself.

The past published randomized controlled tHf81d% 162 163. 164. 185 not give an
answer to this question, because in most casesreament or very basic
treatment was provided to the comparison groupadihg to a possible
overestimation of the value of the CIMT comparethvather treatment.

The question to be solved is whether similar intenpractice can be elicited with
bimanual training without the restraint of the udeafed hand and whether this
might result in similar functional results. This gothesis was supported by

Gordon et at®® who published in 2007 a randomized trial demotisiyathat
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bimanual intensive treatment results in a bettecae if compared with no
treatment.

More recently Gordo’, using a quasi-randomized trial, reported thal @iV T
and bimanual training lead to improved performaofcapper extremity function
in children with hemiplegia: the efficacy of CIMTas compared with Hand-Arm
Bimanual Intensive Therapy (HABIT) in tw50 groups & hemiplegic children
and the outcome measures showed similar improveimdath groups.

The Authors concluded that the amount of improvenemot dependent on use
of a restraint and that the goal of Upper Extremékabilitation should be the
increasing of the functional independence by imprguhe use of both hand in
cooperation. Nonetheless, the small sample sizatenthck of data on long term
retention of the reported gains in the study reswltinadequate power and
limitations of this preliminary report.

Only recently CIMT has emerged as a treatment fiddieen with hemiplegic CP
with the aim of reversing the behavioral suppressibmovement in the affected
upper limb.

According to a Cochrane review on CIMT in pediatige®® evidence on this
treatment is very poor and limited, since all cothe available trials reveal
methodological limitations and need for additiomaksearch to support the
application of this treatment in pediatric age. date, four trials have been
published in the international literatdif& 6% 164165

The study group of Gordon & Charles demonstratatl @MT treatment showed

a significant measurement occasion effect, that nvastained at 3 weeks’ post
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treatment. The control group used for comparisonopguse showed no
significant changes over time.

According to research studies conducted by Eliassahcollegues, Children who
received CIMT improved their ability to use theerhiplegic hand significatively,
particularly those with a high level of severity mand function impairment
seemed to benefit most. Furthermore, older childemmed to improve more than
younger with CIMT, as did children with corticallsrortical lesion if compared
to children with periventricular white matter lesg (this result was not
statistically significant). The effect size of CIMias high after treatment and
medium at 6 months.

Studies published by Sung showed a significantrtreat effect at 6 weeks on
one outcome measure (self care component), whilalfether measures it was
demonstrated a trend favoring forced use, but giwifstant treatment effect.

A research published by Taub & DelLuca demonstraigdificant measurement
occasion effect after CIMT, that was maintained &ks after treatment end,
while in control group had no significant changesbas measurements occasions
were observed.

Nonetheless, as concluded in the Cochrane reviesetresults have to be taken
cautiously since the studies are underpowered dfet dignificantly in terms of
methodological procedures, as method of restréenfyth of restraint, type and
duration of therapy, intervention environment anatelivention provider.
Moreover, the differences in measurement tools @dbpnd the scarcity of valid

and reliable tools to measure the outcome in damldon the functional use of
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hemiplegic hand in bimanual task of ADL, makes ewene difficult to verify the
effectiveness of CIMT approach.

Furthermore, the influence of several factors @poese to treatment is still not
fully understood, such as the roles of child’s agmyerity of motor and sensory
impairment, presence of comorbidities, child’s dtige abilities and compliance
to restraint of the unaffected arm.

Recently the attention of research studies has blegoted to understand the
process of corticospinal reorganization followirge tinjury and to clear how
CIMT can effectively influence, modulate or modifys phenomenon.

In CP children, these cortical modifications uspaltcur in the very early phases
both in the affected and unaffected hemispheresoime patients, the ipsilateral
corticospinal projections — normally transient € aot withdrawn, but persist and
they allow the patient to control the paretic hapsilaterally, while in other
patients the crossed projections are preservetiaiahiey can control their hand
with the affected hemisphere. In this second c#se, sensorimotor loop is
preserved and seems to be crucial for effectiveormearning during CIMT.

Some Authors have hypothesized that patients witfierdnt types of
corticospinal organization - whether the patierd &a ipsilateral or a controlateral
control of the affected limb - could respond diéfietly to CIMT. The results
suggest that CIMT can influence the time requiedxecute the task (e.g. Contra

group patients are faster that Ipsi group patiétits)
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As suggested by Martin and colleagues, the useres$taaint in the non-affected
limb could cause a motor impairment, as some aisatys animal models have
showrt’®, and compromise the non-affected-side ability.

Neuroimaging techniques, in particular the funaiorMagnetic Resonance
Imaging (fMRI), have been used to study the colrtre@rganization following
rehabilitation treatment and it opened new oppaties to verify the changes
induced by different approaches. You and collead@esported in an hemiplegic
child a shift in the functional MRI laterality ingd¢o the controlateral hemisphere
after virtual reality treatment with bimanual adies.

In a study carried out by Sutcliffe and colleag®san hemiplegic child treated
with CIMT showed at fMRI bilateral sensorimotor igetion before and after
treatment and a shift in the laterality index frapsilateral to controlateral
hemisphere after therapy. To date, however the fNMRhavailable only for
children over 7-8 years of age and in an experiaiezuntext, and therefore its

clinical use is very limited.

Aim of the study

Aim of this study is to measure the effect of CIMif patients with hemiplegic
CP immediately after the end of 10-weeks intengi@atment practice. The result
are to be compared with two comparison groups Gép&: in one children are
treated with an Intensive Rehabilitation Progranbiofianual training and in the
other with a traditional treatment. This designichallows us to distinguish the
constraint’'s effects from those of intensive rehtgion, and assess the real

effectiveness of hand restraint.
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In the present paper we present the preliminanylteesf the trial, specifically the
comparison of the primary outcome measures in thgradips of hemiplegic
children at baseline and post-treatment period.

Materials and Methods

Study design

The study has been designed as a multicenter, gutig@, cluster-randomized
controlled clinical trial. The effect of CIMT (inbeled as restraint of unaffected
limb combined with unimanual intensive rehabilibati program,group 1), is
compared with a comparison group undergoing bimaimtensive Rehabilitation
Program (bimanual IRRgroup 2, and a second comparison group receiving a
traditional rehabilitation program (standard treamin ST, group 3. The
comprehensive description of study design and nadetlogy of the trial has been
previously published® The comparisons between group 1 vs 2 may hightfgh
effect of restraint and the comparisons betweenmfovs 3 and group 2 vs 3 may
show the effect of intensive practice of movememd exercises. The traditional
rehabilitation treatment has been considered abdkeline treatment.

Due to possible organizational difficulties withine rehabilitation services and
the subsequent impossibility to randomize patidntstreatment group for 3
different treatment approaches in every singleiadincenter, the Authors have
chosen a cluster randomization desigri’®’" 178

21 clinical sites located in 8 Italian regions tqudet in the research project. At
least 2 clinicians per center were involved in theearch project, a physician

(neuro-pediatrician or physiatrist) and a physicdpéest. All the centers involved
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in the research study belong to the Italian Grou@erebral Palsy (G.I.P.C.l.). 2
supervisors of outcome measures examined videotapesl evaluations of
patients from each treatment group and they weneldxdl to treatment allocation.
Sample Size and Power

A sample of 111 participants has been recruiteth(am estimated 10% drop out),
with a delta value set at 30%, [§1= 0.80,a = 0.05,r; = 0.15). 37 cases have been
enrolled in 7 centers for CIMT, 37 cases in 7 cenfer IRP and 37 case in 7
centers for traditional treatment.

Inclusion and Exclusion Criteria

Patient inclusion criteria were: age range betwesnd 8 years, diagnosis of
hemiplegic cerebral palsy (anamnestic, clinical aedroimaging documentation
to be collected) according to Hagberg's classificdf>. To avoid the
confounding effects of other intervention studigstential participants have been
excluded from the study if they have previously engdne restraint therapy or
have received injections of anti-spasticity druge IUE musculature (e.g., botox).
Differing clinical severity and/or comorbidity witbther diseases (e.g. epilepsy,
mental retardation) do not constitute exclusiorieda, but have been used to
describe clinical variability.

Participants’ motor criteria were divided into 3gps: 1) mild, 2) moderate, and
3) severe motor impairment, based on and modifiech fcriteria set by Beckung

et al®® and Eliasson et &t
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Before starting the research program, all enrgllatients and their families were
fully informed about the trial and treatments angressed a formal written
consent.

Treatment groups: main characteristics

Group 1. Constraint Induced Movement Therapy (CINGIpve plus unimanual
Intensive Rehabilitation Program)Children wore a restraining, but fairly
comfortable, fabric glove with a built-in volar fétplastic splint on the dominant
hand, which prevents them from flexing their firgeaind prevents the ability to
grasp.

The intervention lasted 10 weeks, 7 days a weekd@h were expected to wear
the glove for 3 hours a day consecutively. Durimg tnterval the child performed
the therapeutic training under the supervisionher therapist and/or parents and
without removing the glove. During the treatmentiqe, children underwent an
intensive rehabilitation program based on unimaaugdlities. Sessions were held
3 times weekly (lasted 3 hours divided in 1 houd &h with the therapist and 1
hour and % with parents) at the Rehabilitation €enan individual therapist
encouraged the child to solve tasks requiring thilateral use of the paretic hand.
Parents were trained to carry out similar 3-hosssms at home on the remaining
4 days, as showed at the Rehabilitation Centercfgpeaunilateral tasks during
play and daily living activities).

Group 2. Bimanual Intensive Rehabilitation PrografiRP). Children were
treated for hand impairment according to the sappecach described above, and

with the same schedule (3 hours a day, 3 times ekwealf sessions with the
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therapist and half sessions with the parents)eaRihabilitation Center: the only
differences were that children did not wear thevgl@and were encouraged to
solve tasks requiring the use of both hands. Paremete trained to carry out
similar 3-hour sessions at home on the remainindays, as showed at the
Rehabilitation Center (specific bimanual tasks wmigriplay and daily living
activities).

Group 3. Standard treatment (SThhis group includes children affected by
cerebral palsy currently treated in territorial Retiitation Services. They usually
undergo 1-hour standard rehabilitation session arctwice a week and the
session frequency differs in relation to child’satnfants receive physiotherapy
twice a week, while preschool and school-age oliidattend occupational
therapy once a week (40-60 min).

The full description of treatment sessions for egadup has been previously and
published’ and is fully illustrated in Annex 7.1.

Primary Outcome Measurements

Primary outcomes were assessed in 2 major domaits: motor ability
(QUEST®? and hand function assessment evaluating bothfgrigtion and the
spontaneous use of the affected side (Besta Scale).

QUEST (Quality of Upper Extremity Skills Test) egpds four main domains:
dissociated movements, grasp, protective exteraionweight bearing. All items
were scored for both arms using a dichotomous suadepercentage scores were
calculated®® This characteristic allowed us to assess separtite function of

each hand (affected and unaffected).
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The Besta Scale was developed in 1985 to assebty gdigrip (hand function on
request) and spontaneous hand use (bilateral mMatign), and their changes in
relation to age and degree of impairment. The cetepform and the scoring
system are shown in the Annex 7.2. Several stute® been perform to test
validity, reliability and inter-observer agreem@&fit*8>18¢

In the scale, grip assessment is performed in rdatdized setting, asking the
child to pick up different sized cubes on requ&bke quality of grip is videotaped
and scored in a hierarchical way (from 0 to 3).18ppeous use is assessed during
structured activities and activities of daily ligifADL) requiring both hands and
being standardized according to age. The scorirglesy for the quality of
manipulation is based on variability and stereotyply movement pattern
according to Touwel'.

During the evaluation sessions, both tests wereiras®@red, video-recorded,
scored on subsequent viewing and videotapes weemiard for quality
evaluation control.

Secondary Outcome Measurements

Besides the general assessment (anamnesis, objeciil/ neurologic exams), in
order to assess the child’s overall development idndis influenced by the
treatment assigned, the evaluation sessions befwteafter treatment included
additional tests assessing: a) the patients’ cognievel (Wechsler/ Griffiths
scales, according to patient age), b) general mi¢melopment (Gross Motor
Function Measure), c) the level of familial stréBarenting Stress Ind&X), d)

parents evaluation of the child’s autonomy in déiing activities (Parents Besta
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Scale), e) the child behavioral changes (Child BettaChecklist®), f) and
treatment satisfaction and compliance perceived grents (ad hoc
questionnaire).

Training, standardization and agreement

Before starting the controlled trial, a specifiaiing program was provided to
familiarize professionals (both principal investiyaand therapist) with testing
and training procedures in order to develop a hanegus administration and
videotaping of the QUEST and Besta Scale t&sté specific training at the
Rehabilitation Center and a dedicated booklet veitibVD (Figure 7.1) was
provided to parents of recruited children in ortteistandardize the activities at
home during play and daily living.

Statistical analysis

Baseline analysis

Baseline information on each recruited patient plasned to be collected before
commencing the trial: anamnestic and main clingatla, personal information,
level of UE motor impairment severity, the presemndeother diseases and/or
disabilities. The data collected from patients wéed so far are summarized in
Table 7.1.

To verify non-random distribution of patients withihe cluster — e.g. in order to
measures the degree of similarity among respolsgsadatmentvithin a cluster-
the intra-cluster correlation coefficient was estied® and the “cluster-effect”
was estimated calculatin§, the ratio between intra-cluster variability andeint

cluster variability of treatment effect outcome e’ %
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To verify if the individuals were randomly distrited within the clusters, we
utilized the IF of the main covariates such as ageerity of impairment, 1Q and
parents’ education level. No significant differemcamong variables inter and
intra-clusters were observed by age class, levekuwérity of hemiplegia and 1Q
values, in enrolled children (Table 7.1).

Primary outcomes analysis

The analysis regarding the primary outcome meashess been carried out
considering the differences on the global scorbaih Besta Scale and QUEST
before and after treatment for each treatment grblgueover, the subscales have
been studied separately in order to verify theatftem specific skills and patterns
of movement (e.g. fine grasp or weight bearingQEST and spontaneous use
in ADL for Besta Scale). Wilcoxon signed-rank tést non parametric paired
samples t-test was utilized to test statisticatificance.

For the comparison among treatment groups (1 v& 2,1 vs 2, 2 vs 3 and 1 vs
3) percentualized differences on the global andssale scored have been
calculated. Respectively, Kruskal-Wallis Test foonnparametric version of
ANOVA was utilized to test statistical significanfog 3-groups comparison (1 vs
2 vs 3) and Mann-Whitney test for non parametraependent samples t-test for
paired groups comparisons (1 vs 2, 2 vs 3 and3).vs

Results

Between march 2006 and January 2009, 105 patiesres rgcruited and assigned
to the treatment groups Constraint Induced Movenméetrapy (n=39), bimanual

Intensive Rehabilitation Program (n=33) and Stashd@reatment (n=33). At
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baseline, there were no significant differenceswbenh the study groups on
demographic (age), severity of impairment and dbgnilevel characteristics
(Table 7.1). One patient recruited in the IRP graughdrew the program because
the family moved and did not undergo the post-ineait assessment.

Effects of 3 treatment approaches on primary ougom

Before and after treatment, for all the treatmeppraaches changes were
observed in the primary upper-extremity outcomeialdes. The changes are
much more relevant for the children undergoing atensive rehabilitation
program - both CIMT and bimanual IRP — if compavéth the ST group (Table
7.2). The changes are statistically significanthe global score before and after
treatment of the 2 groups (CIMT and IRP group) bildren assessed with the
Besta ScalesAgivr =0.23 p=0.002;Arp=0.23 p<0.0001), and QUEST scale
(Acimt =7.12 p<0.0001;Arp=4.43 p=0.0143). Compared to IRP and ST, in
children treated with constraint (CIMT group) tmeprovement in grasp function
is more relevant and statistically significant iothb assessment tools (Besta:
Acimt =0.30 p=0.0019; QUESA¢c)mt =7.12 p=0.0003). Moreover, all the specific
dimensions explored by QUEST show a higher sigaifichange only for CIMT
group. On the contrary, in children treated witimanual intensive rehabilitation
(IRP group) the improvement is more significantaativities of spontaneous use
(Airp=0.28 p=0.0005) and ADLArp=0.25 p=0.0001) at Besta scale.

3 treatment approaches: comparison analysis (1 vs 2)

Comparing the 3 treatment groups of children at QUEhe statistical analysis

shows a significant difference in the global sctkemt=11.3 VSArp=6.5 Vs
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Ast=2.0; p=0.0049) and in protective extensiag (it =21.6 VSArp=5.1 VSAg7=-
2.6; p=0.0391) (Table 7.3).

Comparing the outcome of the affected limb vs tbe affected limb at QUEST
scale, the results show a significant improvementhildren treated with CIMT
for the affected hand, particularly for the gragmdtion (p<0.0001). On the
contrary, children treated with bimanual intensitreatment (IRP) show a
significant improvement in the non affected hanterafl0-weeks of treatment,
while CIMT patients show a worse function for grdapb6 civr =-2.4 A% rp=5.7
A% s1=-2.9; p=0.0521) (Table 7.3).

At Besta Scale, no significant differences were eolbsd except from the
comparisono of 3 treatment groups in the ADL ineoldhildren. In this case, the
CIMT group showed a worsening in scax®cur=-6.9), IRP showed no
improvement 4% rp=0.0) while ST showed an improvemeAR{ st=7.0). This
difference was significant (p=0.0365) (Table 7.3).

3 treatment approaches: comparison analysis (1;,\%\& 3; 1 vs 3)

CIMT vs Standard Treatmenrh this analysis, the results previously noted were
confirmed. In particular, the CIMT group shows gngiicant improvement in
global score and in grasp function in both outcomeasures compared to
Standard treatment (Table 7.4).

IRP vs Standard TreatmenThe bimanual intensive rehabilitation is more
effective compared to standard treatment, mostlglabal scores and in ADL in

younger children (Table 7.4).
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CIMT vs IRP.This comparison demonstrated that CIMT is more otiffe in
improving grasp function in Besta scale, while ¢hisrno significant difference in

any of the dimensions of QUEST scale.
Discussion

In the past decade, in the international literatargrowing attention has been
devoted to study the Constraint Therapy as a naabiktation approach both for
adults with an acute cerebral injury (such as sfyond in children with
hemiplegic cerebral palsy. Its pediatric applicatrepresents a ‘paradigm shift’,
as noted by Brady&Garci¥, in rehabilitation of hemiparesis, emerging frame t
confluence of behavioral learning theory and disc@s in neurosciences
regarding neuro-plasticity.

While in adults population CIMT efficacy has beescdmentetf’, in children the
evidence on this approach is still debated, asdtaty the Cochrane review
recently publishef®. Many aspects (namely the method of constraiegjufency
and intensity of practice, intervention environmeahd social context,
intervention principles, individual characteristiad children and outcome
measures) varied significantly in the three trialblished®® *°®" particularly in
relation to intensity of treatment and in samples.s

Our multisite clinical trial for the first time haompared two groups of children
with hemiplegia treated with intensive rehabilibatipractice - one with restraint
of the affected hand and unimanual rehabilitatiatment (CIMT group) and

one with bimanual rehabilitation treatment withoestraint (IRP group) - using
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an adequate sample size of patients. Moreoveriyé ¢bntrol group of children,
considered as a baseline standard treatment, wasiteel for comparison
purpose, for a total recruitment of 105 children.

The design characteristics allowed to utilize thgutts to analyse the efficacy and
safety of constraint therapy with a sufficient poveed to distinguish the plus
value given by the intensity of the practice (givdxe presence of 3 separate
treatment groups).

Our results demonstrate that a substantial imprewerof paretic hand function
was observed in children treated both with restrainthe unaffected hand and
intensive unilateral practice and those treatech witensive bilateral practice
without restriction, while children of the standagtbup showed minimal or no
changes of hand function. The higher effect ofrisiee treatment has already
been suggested and seems to be apparently stfongeunger childret?®

These results are in accordance with those repbsté€adiordon and colleagues that
underline the importance of intensity of treatmentthe outcome rather that the
restraint itself in improving motor performari¢e This interesting result if
confirmed, would change radically the approachetwbilitation in children.
Secondly, children treated with Constraint of thaffected hand and intensive
unilateral practice (CIMT group) showed a signifitaimprovement in
comparison with children treated with intensiveatgral practice (IRP group) on
what attains fine grasp abilities of the affectethdh assessed both with QUEST

and Besta Scale. This datum is of particular isteiée its presence will be
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observed at 3, 6 and 12 months after the end afnient, during the follow-up
phases of trial.

According to recent studies on cats, the activdgdnd therapy on an intensive
treatment basis seems to lead to important chaingig® cortical reorganization
proces$™.

All the aspects related to early motor system dgwekent and brain plasticity
should be carefully considered, exploring mechasisimmough which CIMT can
induce neuroplasticity (both in function and inusture), produce gains/losses in
motor function, and ultimately which children woubenefit most® 1 %7 Al
recent advances in the understanding of post-lakimorganization processes
seem to demonstrate that there are different patiarpossible development after
injury (some of them aberrant) and that severabfaaelated to the type and the
dimension of the lesion and to the child himselfet Heast genetic and
environmental factors — may influence the futurgeli@oment of hand function
and in the end the possible beneficial effect dfITlor intensive practic&® %%
200'

The results of a recent study by Sutcliffe andeajue®* suggest that a shift to
or persistence of controlateral cortical activity faffected hand movement is
important for constraint therapy mechanism of actemd that developmental
disregard may be a predictor of positive respoageetitment.

Similar plasticity patterns have been observed gerdonstrated in children with

strabismus, where controlled daily monocular degiron leads to improved
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performance of the impaired eye without deterioratdf the well sighted eye or
the case of amblyopi%.

These preliminary results on animals seem to detraiesthat CIMT result
particularly efficient for limited treatment periedand to permit sufficient
plasticity on the affected sitfg, in the development of particular abilities, ireth
precocious development phases. It is suggesteadthiaity-based therapy should
be synchronized with specific corticospinal systswelopmental periods.

This could explain the figures regarding the ADL esh an improvement is
demonstrated in younger children. On the contrarglder children an apparent
worsening is shown in ADL in CIMT group. This datusmould be deeply
explored in subsequent follow-up phases and shmeifdirther understood.

At stake, Authors suggest to modulate the interganwith a cost-benefit
approach, particularly in younger children where tisks of compromising the
uninjured side are higher and the recovery poss#silof the affected side are
wider.

CIMT is mostly effective in ameliorating pinch typed the hand performance on
request and not in global movement and on spontenese. In particular for
QUEST - that is an impairment-based measure wémall number of items that
address activity performance-, the improvement®fesl in results may reflect
gains in range of motion and biomechanical alignnana result of casting of

unaffected harfd*
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On the contrary, the bimanual spontaneous useeohtfected hand in self care
activities is significantly improved by the intemsirehabilitation program (with
and without restraint).

Even if some Authors suggested that learned noneasebe overcome more
efficiently on the grip function, Steenbergen antleagues sustain that is still to
be demonstrated that the child will apply directhe gains while acting in
spontaneous use during daily activities and plaiyities®®.

An interesting result that will need further atientin follow-up assessment phase
is the quality of unaffected arm movements. Utilgithe QUEST items
separately for affected and unaffected arm, resat® shown that the unaffected
limb shows a significant global improvement in mment in children treated
with Intensive Rehabilitation Program (bimanualirtigg) without restraint. On
the contrary in the group treated with CIMT thisshaot been observed and
apparently, neither amelioration due to growth @or improvement due to
intensive practice is observed. A similar effect baen observed in other research
studied®. If this trend will be confirmed in the subsequeftases, it would
confirm the hypothesis thétwo hands are better than oné&* and that bimanual
training should be always considered as an intengreatment option in
improving bimanual skills development and longitali development of hand
functiorf®,

All these results should be considered as prelingiaad will be further explored
while considering the secondary outcome and thsigience of gain in hand and

global motor improvemefft’.
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Tables & Figures

Table 7.1.Baseline participant characteristics

CIMT IRP ST p
(n=39) (n=33) (n=33) value
Characteristics N (%) N (%) N (%)
Age 0.2420
<3 10 @6) 13 (40) 9 (27) -
3-5 18 @6) 15 @45) 15 (46) -
6-8 11 @8) 5 (15 9 (27) -
Female 2071 16 @48) 16 @48) -
Hemiplegia: side (right) 246Q) 15 @5 17 62 -
Hemiplegia: level of 0.6009
severity
1 9 @4 10 30) 7 (22 -
2 15 @8) 12 36) 18 (64) -
3 15 @8) 11 34) 8 (24) -
(sD) Gestational Age, months 36.3 6.2 35.4 8.5 36.9 6.5 -
Age of onset (months) (SD) 2.3.9) 3.44.2 7.501.H5 -
Cognitive disturbances (yes) 0.0738
normal 24 66) 27 03 22 (73
clinical 12 33 2 () 8 (26)
Stereognosis alterations -
3@ 414 3@
(ves) ®) 14 15
es) Speech/ language delay 9 (24) 6 21) 79 -
Mood disturbances (yes) 23 6 (21) 5 (23 -
Visual Impairment (yes) 1@6) 0O 2 (10 -
es) Visual attention disorders 5(13) 1) 2 (10) -
Hearing impairment (yes) BY 0O 0O -
wes) Associated malformations 6 (16) 1) 00 -
Epilepsy (yes) 513 3 (10 313 -
Other comorbidities (yes) 49 0O 0O -

Abbreviations: CIMT Constraint Induced Movement fdmy; IRP Intensive Rehabilitation Program; ST 8Stad Treatment.
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Table 7.2 Besta Scale assessment: effect of the 3 treatppnbaches at post-treatment on primary outcomes

Besta Scale QUEST
Baseline  Post-treatment 4 p value Baseline Post-treatment A p value
CIMT
Global score 2.39 2.62 0.23 0.0002 Global score 70.9 78.1 717 <0.0001
Grasp 2.87 3.15 0.30 0.0019 Grasp 65.7 72.8 7.17 0.0003
Bimanual spontaneous use 2.52 277  0.24** 0.0079 Dissociated movements 72.0 78.1 6.09 <0.0001
ADL (younger) 1.88 2.09 0.22* 0.0116 Protective extension 61.6 70.2 8.58* 0.0246
ADL (older) 3.06 2.85 -0.19 0.1250 Weight bearing 84.6 91.2 6.63 0.0099
Intensive Rehabilitation Program
Global score 2.52 2.75 0.23 <0.0001 Global score 72.5 76.9 4.43* 0.0143
Grasp 2.80 2.88 0.09 0.2627 Grasp 69.3 72.9 3.66 0.1881
Bimanual spontaneous use 2.66 2.95 0.28 0.0005 Dissociated movements 77.3 80.4 3.08* 0.0358
ADL (younger) 2.34 2.55 0.25 0.0001 Protective extension 69.3 71.6 2.28 0.5710
ADL (older) 4.00 3.25 S - Weight bearing 73.8 82.7 8.87* 0.0012
Standard Treatment
Global score 2.63 2.69 0.06 0.2112 Global score 71.3 72.6 1.29 0.0915
Grasp 2.96 3.02 0.06 0.4956 Grasp 65.9 68.4 2.51 0.1729
Bimanual spontaneous use 2.87 3.01 0.16* 0.0283 Dissociated movements 72.7 75.4 2.74 0.1786
ADL (younger) 2.14 2.19 0.05 0.5003 Protective extension 66.4 64.9 -1.56 0.4716
ADL (older) 2.83 3.17 0.34 0.1250 Weight bearing 80.1 82.7 2.53 0.2197

Abbreviations: CIMT Constraint Induced Movement dpy; IRP Intensive Rehabilitation Program; ST 8tad Treatment.

Wilcoxon signed rank test - non parametric pai@uisles t-test * p<.05; ** p<.01; # p<.00Hue to the small number of cases the test wasertiqmed
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Table 7.3.Comparison among the 3 treatment approaches (WBVRP vs ST)

Besta Scale QUEST Affected limb Non Affected limb

A% p value A% vali)ue baseline trez?rite;nt A% pvalue | baseline trezf[)r?e-nt % vali)ue
CIMT 13.2 CIMT |11.3 50.4 58.6 22.7 77.8 78.7 15

Global score IRP 11.4  0.1350f | Global score IRP 6.5 0.0049 49.8 56.1 18.3 0.0730 7.7 81.2 5.1 0.2684
ST 4.5 ST 2.0 51.4 545 6.3 75.7 777 3.2
CIMT 17.9 CIMT | 125 54 74 924 11.5 11.2 -24

Grasp IRP 5.7 0.1581f " Grasp IRP 6.6 0.4449 6.0 6.7 34.2 <0.0001 11.8 12.3 5.7 0.0521
ST 4.5 ST 6.6 6.3 6.2 25 12.1 11.8 -2.9
CIMT 14.9 _ _ CIMT | 10.0 14.3 16.6 22.8 26.4 271 4.1

Bimanual spontaneous uskRP 15.6  0.7886 En's\fgr%'gﬁg IRP | 42 04183 16.4 17.2 47 0.3276 27.6 28.3 3.1 0.8854
ST 10.5 ST 5.6 14.4 16.0 15.5 26.1 270 7.2
CIMT 17.1 CIMT | 21.6 11.6 13.9 120.2 17.8 178 1.7

ADL (younger) IRP 12.8 0.2876 " Protective extensionIRP 5.1 0.0391 121 14.4 139.0 0.9267 17.1 18.1 8.8 0.5589
ST 6.7 ST -2.6 12.3 14.2 79.6 16.7 16.5 1.0
CIMT -6.9 CIMT |11.1 22.1 23.7 18.3 25.1 25.7 3.9

ADL (older) IRP 0.0 0.0365/ " Weight bearing IRP 14.6 0.8695 18.4 20.7 15.8 0.0480 24.2 25,5 6.8 0.6282
ST 7.0 ST 9.8 215 212 13 24.2 25.3 11.2

Abbreviations: CIMT Constraint Induced Movement fdmy; IRP Intensive Rehabilitation Program; ST 8tad Treatment.
Kruskal-Wallis Test for non parametric version dci@VA
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Table 7.4. @mparison among the treatment approaches (CIMR®s IRP vs ST; CIMT vs ST)

Besta Scale CIMT vs ST CIMT vs IRP IRP vs ST
p value p value p value
Global score 0.0536* 0.3797 0.0336*
Grasp 0.0463* 0.0591* 0.4359
Bimanual spontaneous use 0.3360 0.3960 0.2195
ADL (younger) 0.1217 0.477z 0.0610*
ADL (older) 0.0073* 0.2944 0.26235
CHTISST  CMTwIRP RSt
Global score 0.0014** 0.1628 0.0297*
Grasp 0.1401 0.2665 0.4223
Dissociated movements 0.0241* 0.1515 0.1417
Protective extension 0.0173* 0.1363 0.1340
Weight bearing 0.1722 0.2322 0.0317*

Abbreviations: CIMT Constraint Induced Movement fdpy; IRP Intensive Rehabilitation Program; ST 8tad Treatment.
Mann-Whitney test for non parametric independentpas t-test
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Figure 7.1.Booklet for parents’ training entitlet_.earning by playing. Suggestions for the developtred manipulation ability for the hemiplegic child
in play and daily living activities” Cover (A) and sample pages (B, C).
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Annex 7.1 — Treatment groups

Group 1. Constraint Induced Movement Therapy (CINgIove plus unimanual
Intensive Rehabilitation Program)Children wore a restraining but fairly
comfortable fabric glove with a built-in volar $tiplastic splint on the dominant
hand, which prevents them from flexing their firgeand, thereby, prevents the
ability to grasp (Figure 1). The thumb is kept ifix@d position tight against the
index finger. The children could, however, use ttend for support or for
breaking a fall. The intervention lasted 10 weékslays a week. Children were
expected to wear the glove for 3 hours a day catisety. During this interval
the child performed the therapeutic training unither supervision or the therapist
and/or parents and without removing the glove.

During the treatment period, children underwent iatensive rehabilitation
program based on unimanual activities. They wezatéd for hand impairment
according to a motor learning approach during gkgsions and activity of daily
living (ADL). Sessions were held 3 times weeklytla# Rehabilitation Center: an
individual therapist encouraged the child to sabsks requiring the unilateral use
of the paretic hand. Task goals referred to 4 ndamains: (1) perceptual motor
activities; (2) activities of reaching, graspingplding and manipulating; (3)
postural and balance activities; (4) self-care dady living activities. The full
description of treatment sessions with unimanualiies have been previously
described™.

Sessions lasted 3 hours: during the first parthef gession (1 hour and %) the

therapist interacted with the child proposing umona activities of an appropriate
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level of difficulty, in relation to age and motivan. In the second part of the
session (1 hour and %2) parents, who cooperate glatinthe 3 hours sessions,
were instructed to interact with their own childrey proposing them unilateral
tasks in play and daily living activities. Parentsre trained to carry out similar 3-
hour sessions at home on the remaining 4 daysh@sesl at the Rehabilitation

Center (specific unilateral tasks during play aadydiving activities).

Group 2. Bimanual Intensive Rehabilitation PrografiRP). Children were
treated for hand impairment according to the sappecach described above, and
with the same schedule (3 hours a day, 3 times ekwealf sessions with the
therapist and half sessions with the parents)eaRihabilitation Center: the only
differences were that children did not wear thevgl@and were encouraged to
solve tasks requiring the use of both hands. Paremete trained to carry out
similar 3-hour sessions at home on the remainindays, as showed at the
Rehabilitation Center (specific bimanual tasks wmigriplay and daily living
activities).

Task goals referred to the same 4 main developrih@oaains, but they implied a
bimanual use in play and daily living activitieshel full description of treatment

sessions with bimanual activities have been preshjodescribetf*.

Group 3. Traditional treatmeniThis group includes children affected by cerebral

palsy currently treated in territorial RehabilitatiServices. They usually undergo

1-hour standard rehabilitation sessions once ocetvda week and the session
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frequency differs in relation to child’s age. Infameceive physiotherapy twice a
week, while preschool and school-age children dttatupational therapy once a

week (40-60 min).
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Patient ID Date of birth

A) Assessment on thgrasp function of the paretic hand on request

Annex 7.2 - Besta Scale

Sex

m

f  Assessor

Grasp a cube 1.5 cm 0 1 2 |3
Grasp a cube 2.5 cm 0 1 2 |3
Grasp a cube 4 cm 0 1 2 13
Grasp a bilia 0 1 2 |3
Total 112
B) Qualitative assessment of the spontaneousife paretic hand inimanual manipulatory activities
(objects are standardized by age classes)
6 - 12 months 37 - 48 months
Hold a big ball (& 40 cm) 01)2]|3 Throw a big ball (& 40 cm) D123
Tear tissue paper al|2|3 Tear tissue paper 0L(2|3
Grasp a baby's bottle Q|23 Uncork a bottle (popup plug) and fill it (water) Q|23
Grasp a doll 01|2]3 Unwrap a packet (ribbon) OL|2|3
Total /12 Total /12
13 - 24 months 5 -6 years
Throw a big ball (@ 40 cm) D123 Throw a small ball (& 20 cm) ) 2|3
Tear tissue paper o213 Tear paper into small pieces 023
Drink form a bottle or a baby's bottle al2]3 Uncork a bottle (screw plug) and fill it (water) Q2|3
Unwrap a packet (transparent paper) 102]3 Unwrap a packet (knotted ribbon) 0]2]3
Total /12 Total /12
25 - 36 months > 7 years
Throw a big ball (@ 40 cm) D123 Unwrap a packet (knotted ribbon) Q2|3
Tear tissue paper al2l3 Wrap a packet (knotted ribbon) Q2|3
Uncork a bottle (popup plug) al23 Fold a sheet and put it into an envelope 1023
Unwrap a packet (rubber band) 0203 Paste paper shapes on the corresponding outlines| 1 | ®| 3
Total /12 Total /12
C) Qualitative assessment of the use of the paretid imafeeding and clothingctivities of Daily Living
(tasks are standardized by age classes)
18 months -7 years 7-8 years
Drink from a cup (>18 m) g 1 2 B Wear a sweater ) 1L P
Drink form a big glass (>18 m) D L R 3 Wear trousers Q 1 2
Slice the bread (>18 m) D0 L 2 |3 Wear socks Qg 1 2
Fold a napkin (> 3 yrs) 0 1 2 B Wear shoes Qg 1 2
Cut with fork and knife (> 6 yrs) 0 1 2 B Total /12
Wash hands (> 2 yrs) D [ 2 |3
Wash face (> 2 yrs) 0 1 P B
Take off the shoes (> 2 yrs) 0 (1 |2 |3
Take off the socks (>18 m) D L 2 |3 GLOBAL SCORE
Take off the sweater (> 3 yrs) o 1 [2 |3 A= __ /12
Take off the trousers (> 2 yrs) o 1 [2 |3 B= __12
Total 133 C= 112 or __ 124 or 133

SCORING SYSTEM
Grasp Assessment

Grasp absent
Reaching (get by and move)

W N -k O

Pincer/finer pincer

Palmar, radial palmar, radial digital, inferionger

Spontaneous Use in plagndActivities of Daily Living
(the scoring system was based on variability aecestypy of movement patterns)

no use of the impaired limb

cooperation of the impaired hand with holdingdiions with a restricted number of stereotypedgpatt

0
1 use of the impaired limb in a stereotyped pattermolding (wrist support)
2
3

cooperation of the impaired hand with holding amhipulative functions , using a varied repertoif@atterns
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CHAPTER 8. PRIMARY AND SECONDARY OUTCOME

MEASURES IN THE FOLLOW -UP PHASE
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Background

The administration of Constraint Induced Movemeherbpy (CIMT) in children

with hemiplegic cerebral palsy is still object ofd@bate in the international
literaturé®® 2% While in adults this new therapeutic approach en

demonstreated as being useful in ameliorating tppewu limb function, its

application in children still needs further expkiwa to be fully delivered to

patients with hemiplegic cerebral pai&y

The basis for this approach originates from senstadlies by Taub of monkeys

14 Taub demonstrated that animals forced

that had undergone deafferentafion
to use the affected upper extremity through immpdiion of the intact limb for
short periods could soon learn to use the inseltisalbeeven when the use of both
limbs was possible. Training of the monkeys that badergone deafferentation
during the forced-use period was achieved througicessive approximations as
the basis for shaping intended movement. The asimauld be rewarded as they
progressively reached toward and subsequently gdaspjects. Taub proposed
that the animals had undergone “learned nonusdiefffected limb and, given
the appropriate behavioral training, could rele@ruse it indefinitely. Although
the duration of the effect of deafferentation wavar assessed, Taub proposed
that this approach be used for patients with heragia and presumed that the
diaschisis after stroke led to a learned suppressionovement comparable to the

suppression of the spontaneous limb use in montkeyshad undergone cervical

deafferentation.
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Although great expectations are posed on this napptoach, there are still many
aspect that need thoroughly exploration and rekedroe question arisen form
researchers regard its real efficacy on functioortical reorganization and
plasticity®, and also the persistence of the observed efigani?*®.

According to recent publications in fact, this tggy result effective in
amelioration the upper limb motor performance, ipalarly in the grasp function
on request, but it is still unclear if this new lalds acquired could be directly
engaged in performing complex activities such asctimmon ADEY’.

If this therapy would be confirmed as effective iiddal questions will need an
answer: one of the most interesting regards thesilptisy to predict which
children would benefit most, which characteristafsthe child will orient the
professionals in proposing to the child and theilfathis therapeutic approach. It
is still unclear in fact which is the best age dtich the cost-benefit balance of
CIMT is advantageous for the patient, or again Whisability profile and which
level of impairment can benefit from affected harasting. For example, in adults
one of the predictors of CIMT successful applicat@as been demonstrated to be
the ability of the patient to initiate finger exsorf*2.

Finally, according to recent advances in the unideding of neuronal plasticity
and influence to cortical reorganization proces€HMT seems to play a major
role in influencing this process. Looking more dgegdnto structural
modifications, it is still object of researches hade process of cortical
reorganization (contralateral vs ipsilateral) caodify the CIMT effect and

translate it differently into functid®. Recent studies have explored the
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interhemispheric influences on movement initiatmmcontrol, the intracortical
inhibition of the contralateral (affected) motor reod?® %% 222 Severe

impairment might result from hyperactive corticahibitory interneurons rather
than direct disruption of descending motor sy$tém

Aim of this study is to measure the persistencthefeffect of CIMT on patients
with hemiplegic CP 3 months after the end of 10kseetensive treatment
practice. The result are to be compared with twaparison groups of patients: in
one children are treated with an Intensive Rehakin Program of bimanual

training and in the other with a traditional treatmh

Method

Study design

The study has been designed as a multicenter, gotvgp, cluster-randomized
controlled clinical trial. The effect of CIMT (inteled as restraint of unaffected
limb combined with unimanual intensive rehabilibati program,group J), is
compared with a comparison group undergoing bimiamiensive Rehabilitation
Program (bimanual IRRgroup 2, and a second comparison group receiving a
traditional rehabilitation program (standard treamtn ST, group 3. The
comprehensive description of study design and naetlogy of the trial has been
previously publishet”. The comparisons between group 1 vs 2 may highifgh
effect of restraint and the comparisons betweenmfovs 3 and group 2 vs 3 may
show the effect of intensive practice of movememd exercises. The traditional

rehabilitation treatment has been considered abakeline treatment.
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Due to possible organizational difficulties withine rehabilitation services and
the subsequent impossibility to randomize patidntstreatment group for 3
different treatment approaches in every singleiadincenter, the Authors have
chosen a cluster randomization de&fgrf>°22" 228

21 clinical sites located in 8 Italian regions tqudet in the research project. At
least 2 clinicians per center were involved in theearch project, a physician
(neuro-pediatrician or physiatrist) and a physicipést. All the centers involved
in the research study belong to the Italian Grougerebral Palsy (G.I.P.C.1.). 2
supervisors of outcome measures examined videotapesl evaluations of
patients from each treatment group and they weneldxdl to treatment allocation.
Sample Size and Power

A sample of 111 participants has been recruiteth(am estimated 10% drop out),
with a delta value set at 30%, [f1= 0.80,a = 0.05,r; = 0.15). 37 cases have been
enrolled in 7 centers for CIMT, 37 cases in 7 cenfer IRP and 37 case in 7
centers for traditional treatment.

Inclusion and Exclusion Criteria

Patient inclusion criteria were: age range betwesnd 8 years, diagnosis of
hemiplegic cerebral palsy (anamnestic, clinical aedroimaging documentation
to be collected) according to Hagberg's classificgt®. To avoid the
confounding effects of other intervention studstential participants have been
excluded from the study if they have previously engdne restraint therapy or
have received injections of anti-spasticity druge IUE musculature (e.g., botox).

Differing clinical severity and/or comorbidity witbther diseases (e.g. epilepsy,
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mental retardation) do not constitute exclusiorieda, but have been used to
describe clinical variability.

Participants’ motor criteria were divided into 3gps: 1) mild, 2) moderate, and
3) severe motor impairment, based on and modifiech fcriteria set by Beckung

F*° and Eliasson et &t

eta
Before starting the research program, all enrgllaetients and their families were
fully informed about the trial and treatments angressed a formal written
consent.

Treatment groups: main characteristics

Group 1. Constraint Induced Movement Therapy (CINgIpve plus unimanual
Intensive Rehabilitation Program)Children wore a restraining, but fairly
comfortable, fabric glove with a built-in volar fétplastic splint on the dominant
hand, which prevents them from flexing their firgeaind prevents the ability to
grasp.

The intervention lasted 10 weeks, 7 days a weekd@h were expected to wear
the glove for 3 hours a day consecutively. Durimg tnterval the child performed
the therapeutic training under the supervisionher therapist and/or parents and
without removing the glove. During the treatmentiqa, children underwent an
intensive rehabilitation program based on unimaaugdlities. Sessions were held
3 times weekly (lasted 3 hours divided in 1 houd &h with the therapist and 1

hour and % with parents) at the Rehabilitation €enan individual therapist

encouraged the child to solve tasks requiring thilateral use of the paretic hand.
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Parents were trained to carry out similar 3-hosssms at home on the remaining
4 days, as showed at the Rehabilitation Centercfgpeaunilateral tasks during
play and daily living activities).

Group 2. Bimanual Intensive Rehabilitation PrografiRP). Children were
treated for hand impairment according to the sappecach described above, and
with the same schedule (3 hours a day, 3 times ekwealf sessions with the
therapist and half sessions with the parents)eaRihabilitation Center: the only
differences were that children did not wear thevgl@and were encouraged to
solve tasks requiring the use of both hands. Paremete trained to carry out
similar 3-hour sessions at home on the remainindays, as showed at the
Rehabilitation Center (specific bimanual tasks wmigriplay and daily living
activities).

Group 3. Standard treatment (ST)his group includes children affected by
cerebral palsy currently treated in territorial Retiitation Services. They usually
undergo 1-hour standard rehabilitation session® arctwice a week and the
session frequency differs in relation to child’satnfants receive physiotherapy
twice a week, while preschool and school-age obidattend occupational
therapy once a week (40-60 min).

The full description of treatment sessions for egdup has been previously and
published’ and are fully illustrated in previous chapters.

Primary Outcome Measurements
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Primary outcomes were assessed in 2 major domaits: motor ability
(QUEST®) and hand function assessment evaluating bothfgrigtion and the
spontaneous use of the affected side (Besta Scale).

QUEST (Quality of Upper Extremity Skills Test) egpts four main domains:
dissociated movements, grasp, protective exteraionweight bearing. All items
were scored for both arms using a dichotomous soalepercentage scores were
calculated®® This characteristic allowed us to assess sepprtite function of
each hand (affected and unaffected).

The Besta Scale was developed in 1985 to assebty gdigrip (hand function on
request) and spontaneous hand use (bilateral matign), and their changes in
relation to age and degree of impairment. Seveualies have been perform to
test validity, reliability and inter-observer agmeent3* 23>2%

In the scale, grip assessment is performed in rrdatdized setting, asking the
child to pick up different sized cubes on requ&bke quality of grip is videotaped
and scored in a hierarchical way (from 0 to 3).r8aneous use is assessed during
structured activities and activities of daily ligifADL) requiring both hands and
being standardized according to age. The scorirglesy for the quality of
manipulation is based on variability and stereotyply movement pattern
according to Touweri'.

During the evaluation sessions, both tests wereiras@red, video-recorded,
scored on subsequent viewing and videotapes wesmiard for quality

evaluation control.

Secondary Outcome Measurements

202



Besides the general assessment (anamnesis, objeciil/ neurologic exams), in
order to assess the child’s overall development idndis influenced by the
treatment assigned, the evaluation sessions befwteafter treatment included
additional tests assessing: a) the patients’ cognievel (Wechsler/ Griffiths
scales, according to patient age), b) general mid¢melopment (Gross Motor
Function Measure), c) the level of familial stréBarenting Stress Ind&X), d)
parents evaluation of the child’s autonomy in d&iing activities (Parents Besta
Scale), e) the child behavioral changes (Child BetaChecklist®), f) and
treatment satisfaction and compliance perceived bgrents (ad hoc
questionnaire).

Training, standardization and agreement

Before starting the controlled trial, a specifiaiting program was provided to
familiarize professionals (both principal investiyaand therapist) with testing
and training procedures in order to develop a hanegus administration and
videotaping of the QUEST and Besta Scale t&sté specific training at the
Rehabilitation Center and a dedicated booklet vattDVvD (Figure 1) was
provided to parents of recruited children in ortteistandardize the activities at
home during play and daily living.

Statistical analysis

The analysis regarding the primary outcome meashess been carried out
considering the differences on the global scorbaih Besta Scale and QUEST
right after the end of treatment and 3 months l&bereach treatment group.

Moreover, the subscales have been studied sepanmatetder to verify the effect
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on specific skills and patterns of movement (e firasp or weight bearing for
QUEST and spontaneous use in ADL for Besta Sc@éldgoxon signed-rank test

for non parametric paired samples t-test was atilito test statistical significance.
For the comparison among treatment groups (1 vs 2,1 vs 2, 2 vs 3 and 1 vs
3) percentualized differences on the global andssale scored have been
calculated. Respectively, Kruskal-Wallis Test foonnparametric version of

ANOVA was utilized to test statistical significanfog 3-groups comparison (1 vs
2 vs 3) and Mann-Whitney test for non parametraependent samples t-test for
paired groups comparisons (1 vs 2, 2 vs 3 and3).vs

For secondary outcome measures a preliminary géiserianalysis was carried

out.

Results

Between march 2006 and January 2009, 105 patiesres rgcruited and assigned
to the treatment groups Constraint Induced Movenriéetrapy (n=39), bimanual
Intensive Rehabilitation Program (n=33) and Stamdareatment (n=33). One
patient recruited in the IRP group withdrew the grveon because the family
moved and did not undergo the post-treatment aimfaip assessment.

Effect persistence of 3 treatment approaches amguy outcomes at follow-up
Comparing the evaluation after the end of treatment3-months follow-up
evaluation, for all the treatment approaches mildnges were observed in the
primary upper-extremity outcome variables (Tabl&).8The changes are much

more relevant for the children undergoing an intensehabilitation program —
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mostly for bimanual IRP — if compared with the Sfoup (Table 8.1). The
changes are not statistically significant.
3 treatment approaches: comparison analysis (1 vs 2)
Comparing the 3 treatment groups of children att®8escale, the statistical
analysis shows no significant differences in anytred domains, but on grasp
function an apparent worsening is observed comp#medRP and ST both
improving (Table 8.2). At QUEST, no statisticallygsifican differences are
observed (Table 8.8).
3 treatment approaches: comparison analysis (1;,\%\& 3; 1 vs 3)
CIMT vs Standard Treatmentn this analysis, tthe CIMT group shows a
significant improvement in ADL in older childrenropared to Standard treatment
(Table 8.3).
IRP vs Standard Treatmemo statistically significan differences were obssty
(Table 8.3).
CIMT vs IRP.This comparison demonstrated that IRP result méfecteve in
improving grasp function in Besta scale (Table 8u8)ile in QUEST scale CIMT
results improving the protective extension (Tab®).8
Discrete improvements
In tables 8.4, 8.5 e 8.6 the Besta scale was agdiyz discrete improvements or
worsening. Previous results are confirmed.
Secondary outcome measures

Familial stress result reduced in CIMT and IRP gguwhile it is similar in

standard treatment;
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CBCL scoring after treatment and 3 months laterwshw clinical or
borderline profiles for IRP group, 3% bordeline fijes and no clinical profiles
for CIMT. The standard groupshowed 5% of clinicaifpjes, 14% of borderline

profiles and the remaining normal.

Discussion

Given the scarce evidences on the efficacy of CIM&re is a clear need of valid
and reliable research studies on this issue thakdcbe able to anwer to the
numerous questions arisen from clinical studies fxoch animal models and
experimental research.

The persistence of the effect derived from a peadbIMT combined with an
intensive rehabilitation program is one of the mmstning questions because if
confirmed, it would change the indications on tineatment approach and would
open the way to other hypothesis regarding nealaalicity.

The results outlined in this paper demonstrate thatpersistence of the effect
previously demonstrated is not constant. NamelyllCkeem to reduce rapidly
its effect 3 months later on what attains graspcitum To our knowledge this
result has never been reported before.

On the contrary the intensive rehabilitation prograontinues to improve the
upper limb function. The increase in primary outeomeasures is much higher
than the one determined by standard rehabilitgtrfmgram and this difference is
significant.

The preliminary analysis on secondary outcome nmreasseems to sustain the

hypothesis that, although requiring an importaforeffor the child and his/her
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family, the intense treatment shows a decreasberidvels of stress within the
family and positive consequences on child’'s behaviith no observation of
clinical patterns. On the contrary, standard tresirhas the highest levels of
stress and child’s behavioural disturbances.

If confirmed, these results will be useful to sustde proposed model of CIMT
influence on limb function, giving evidence for thadditional factors

(motivational, behavioural, stress-related, ...) iwed in promoting or

suppressing CIMT effect on impaired limb functiordearned non ué¥.
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Tables & Figures

Table 8.1.Besta Scale: 3 months follow-up after the end edittnent

CIMT IRP ST
meant meant p* meant meant p* meant meant p*
Global score 2.60 2.65 0.0567 2.74 2.81 0.3275 2.45 2.51 0.2732
Grasp 3.15 3.13 0.9375 2.83 2.94 0.0947 2.88 3.03 0.5117

Spontaneous use 2.74  2.70 0.7852 294  2.91 0.6937 279  2.84 0.5018
ADL (younger) 2.05 2.16 0.0850 255 2.650.7169 2.13  2.17 0.4884
ADL (older) 2.85 3.00 0.1250 3.25 3.25 1.0000 2.58  2.45 1.0000

* Wilcoxon signed ranck test - non paremetric pdisamples t-test

Table 8.2.Besta Scale: 3 groups comparison IRP 500%  0.1952
A % p* ST -4.76%
Global score CIMT 1.40% * Kruskal Wallis test — non-parametric version di@QVA
IRP 2.81%  0.8005
ST 3.24%
Grasp CIMT -0.58% Table 8.3.Besta Scale: 1 vs 2; 2 vs 3; 1 vs 3 comparison
IRP 4.87%  0.2026 CIMTvs ST CIMTvsIRP IRPvs ST
ST 3.23% Global score 0.4058 0.2949 0.2880
Spontaneous use CIMT -0.46% Grasp 0.2684 0.0280 0.2100
IRP -0.41%  0.6729 Spontaneous use 0.2477 0.4353 0.1937
ST 1.82% ADL (younger) 0.4316 0.2205 0.3534
ADL (younger) CIMT 4.69% ADL (older) 0.0504 0.4522 0.1665
IRP 3.57% 0.7608 * Mann-Whitney test - non parametric independemgias t-test
ST 5.11%
ADL (older) CIMT 4.96%

214



Table 8.4.Besta Scale: N of items with a positive improvenienl or +2 or +3) or no-improvement/worsening(G1. -2, -3)

Positive p* Negative p*

Global score CIMT 3.8 13.7
IRP 2.7 0.1015 11.7 0.1135

ST 4.1 15.1

Grasp CIMT 0.4 4.0
IRP 1.3 0.0337 3.9 0.7176

ST 1.3 4.0

Spontaneous use CIMT 15 4.2
IRP 0.7 0.0399 3.6 0.5244

ST 1.2 3.8

ADL (younger)  CIMT 3.7 9.0
IRP 1.8 0.1316 5.9 0.0136

ST 2.8 8.8

ADL (older) CIMT 1.3 2.9
IRP 0.5 0.3653 3.0 0.5172

ST 1.0 4.0

* Kruskal Wallis test - non-parametric version dI@VA
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Table 8.5.Besta Scale: two by two comparison for positiveriovements (+ 1 or +2 or +3)

CIMTvs ST CIMTvsIRP IRPvs ST
Global score 0.3519 0.0456 0.0227
Grasp 0.0266 0.0071 0.4876
Spontaneous use  (.2252 0.0100 0.0324
ADL (younger) 0.3126 0.0257 0.0819
ADL (older) 0.2919 0.1450 0.3085

* Mann-Whitney test - non parametric independemhsizs t-test

Table 8.6.Besta Scale: two by two comparison for no-improgetfiworsening (0 or -1. -2, -3)

CIMTvs ST CIMTvsIRP IRPvsST
Global score 0.1379 0.1112 0.0204
Grasp 0.4584 0.2115 0.2935
Spontaneous use  0.3568 0.1396 0.2295
ADL (younger) 0.3683 0.0043 0.0076
ADL (older) 0.1673 0.5000 0.3187

* Mann-Whitney test - non parametric independemhsizs t-test
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Table 8.7.QUEST: 3-months follow-up

Overall Affected limb Unaffected limb

mean { mean t p* mean t; mean b p* mean t; mean b p*
Global score 77.0 75.4 0.2201 57.6 55.0 0.3295 78.2 78.1 0.0615
Dissociated movements 77.2 76.1 0.6905 16.2 16.0 0.7369 26.9 27.0 0.5781
CIMT Grasp 71.5 72.0 0.8680 7.2 6.8 0.1923 111 11.8 0.4375
n=34 Weight bearing 90.2 88.0 0.6794 23.5 22.8 0.5121 25.5 25.2 0.3438
Protective extension 69.3 66.5 0.3302 13.7 12.5 0.1758 17.8 171 0.5000

mean { mean 4 p* mean { mean 1 p* mean { mean 4 p*
Global score 73.9 74.6 0.6409 53.1 52.7 0.4939 80.2 77.2 0.9827
Dissociated movements 76.8 76.7 0.7136 15.7 16.8 0.9085 28.0 26.6 0.8801
IRP Grasp 70.1 68.8 0.6980 6.1 5.9 0.0127 11.8 114 0.7588
n=20 Weight bearing 80.2 79.2 0.9312 21.2 20.0 0.8750 25.6 25.0 0.4063
Protective extension 68.4 73.5 0.0510 13.2 13.0 0.5313 17.8 17.2 1.0000

mean { mean 4 p* mean { mean 4 p* mean { mean 4 p*
Global score 66.1 66.0 0.8422 47.5 47.9 0.7718 75.1 75.2 0.7180
Dissociated movements 68.6 69.8 0.4398 12.8 12.7 0.2126 26.4 26.8 0.4768
ST Grasp 61.3 60.1 0.4136 5.1 5.2 0.8481 11.2 11.2 0.9453
n=17 Weight bearing 79.1 77.6 0.2925 19.9 20.7 0.3320 25.0 24.3 0.6250
Protective extension 56.4 57.1 0.8945 12.6 12.3 1.0000 15.5 15.8 1.0000

* Wilcoxon signed rank test - non paremetric paisamnples t-test
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Table 8.8.QUEST: 3 groups comparison

Overall Affected limb Unaffected limb

Mean % p* Mean % p* Mean % p*

Global score CIMT -1.9% -4.1% 0.1%
IRP 1.0% 0.5024 15.4% 0.7471 -3.9% 0.23

ST 0.4% 73.1% 0.5%

Dissociated movements CIMT -1.3% 5.0% 2.3%
IRP -0.6% 0.4423 18.1% 0.6085 -5.2% 0.784

ST 2.9% 26.8% 2.2%

Grasp CIMT 3.2% -0.1% 8.2%
IRP -0.2% 0.5162 11.6% 0.4876 -2.5% 0.1774

ST 3.8% 8.8% 4.7%

Weight bearing CIMT -0.8% 1.8% -0.6%
IRP -1.2% 0.7601 22.7% 0.4369 -2.4% 0.3571

ST -2.3% 36.6% -3.2%

Protective extension CIMT 0.0% 10.5% -2.9%
IRP 11.0% 0.0603 34.5% 0.9406 -3.2% 0.7691

ST 8.7% -3.3% 9.1%

* Kruskal Wallis test - non-parametric version d@VA

Table 8.9.QUEST: 1 vs 2; 2 vs 3; 1 vs 3 comparison

CIMTvs ST CIMTvsIRP IRPvs ST

Global score 0.3337 0.1353 0.2276
Dissociated movements 0.1091 0.3799 0.1840
Grasp 0.1606 0.5000 0.1459
Weight bearing 0.3059 0.4240 0.2191
Protective extension 0.1467 0.0094 0.1632

* Mann-Whitney test - non parametric independemglas t-test
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Abstract

Background.In the last decades, the world of rehabilitatios baen more and
more calling for clear evidence to support inteti@n and numerous research
programs have been developed. At stake, relatiudl/ research on opinions and
attitude of rehabilitation personnel involved isearch conducted in real clinical
settings has been carried out.

Methods.Among all professional participating to a multi-teenclinical trial on
the effects of Constraint Induced Movement Therapyhildren with hemiplegic
cerebral palsy, a cross-sectional study was corduct explore their opinion on
conducting research in clinical rehabilitation. A-questions questionnaire was
utilized.

Results. Among those working in one of the 19 rehabilitatentres part of the
multi-centric study, 76 professionals were askediltan the questionnarie. 68
professionals answered (89.4% of response rateje M@an 75% of the sample
think that their rehabilitation centre is suited d®velop clinical research.
Research results useful for the development of thaly activities (new tools for
the assessment of children, demonstrate the effioh@ new treatment option
and to learn a new way of working, and strengthentites within the working
team). Research is costly in terms of personal time effort, but it can modify
the rehabilitation praxis (assessment tools, thelatiomship with
colleagues/patients). 98% of of the interviewedlated to will to participate to
other research projects.

Conclusions.This survey highlights the importance of conductimegearch in
local rehabilitation services, besides the genemabf new evidences, also in
terms of building networks, sharing experiences lamalvledge, connecting with
centers of excellence and providing a specifiaitraj for research conduction.

Key-words:
Research; clinical trials, rehabilitation, paed@aservices; attitude of health
personnel
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Background

In the last decades, more and more the world afbiitation has been calling for
clear evidence to support intervention. At stakaatively little research in

rehabilitation recruits patients as subjects arabiglucted in real clinical settings.

The American Physical Therapy Association (APTA3 hacently developed its
Clinical Research Agenda (CRA): this tool aims tip@ort and promote research
that is useful to clinicians, and it suggests tiegearch has to be carried out on
patients in real clinical settings such as outpéatielinics, hospitals and
facilities”*! #*2 The aims are to verify the effectiveness of iweeations as well as
identifying prognostic indicators and validate ®@) classify and diagnose.

If research is conducted in real-world settingghars suggested that retooling
may be needed for researchers, through upgradpaating and acquiring new

knowledge and skilf§* 24,

Facilities or institutional resources, managemdmgatients, adequate availability
of target population and support from collaboratimgpfessionals (therapists,
psychologists, physicians, nursesgult as key elements to complete successfully
research projects within real clinical settiffgs® 247248,

Institutional resources include adequate accedartgeted patients’ populations
and effective mechanisms for identifying and reamgi potential subjects, a
network of professionals from other disciplinesstitutional review boards and
medical-legal support. In general, academic clincemters are characterised by
the coexistence of these resources in a singlagutish due to their institutional

role of research developers. Therefore any climeséarch project is by far more
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easily carried out in this environment. In a diffiet setting, such as a local health
service, several burdens to research developmerfoand, for example the lack
of specific professional figures or facilities aiog|s**.

Another key issue is represented by the involvemahiphysical therapist.
According to Fitzgerald and Delittd “...the quality of data and the ability to
successfully complete a clinical trial will largelyepend on the willingness of
physical therapists to participate...and therapistsyrbe less likely to participate
in a clinical trial if they believe that an invegétor views them simply as a
convenient work force to collect dataMoreover the Authors highlight that
physical therapists..may be more likely to participate if they vieweth
investigator as an important member of their claditeam, whose research may
have a direct impact on their practice environmeand. if they believe that the
investigators views them as important memberseofahearch teant*>

Another major challenge is how to incorporate regeavidence into clinical
practice (Evidence Based Practice, EBP) within hurearvice agencies. The
major implications emerging from the analysis ofidson and colleagu@s are:
services-university partnerships to identify théad® support EBP, staff training
that features problem-based learning approachesigport the introduction and
utilization of EBP, and the modification of sengoceultures to support and sustain
EBPZSO, 251,252, 253'

Furthermore, the productivity demands that thetapise required to satisfy in
their daily practice can affect clinical researcmduction. The daily patients visit

quota is a main due for many therapists and sesvitke burden of testing and
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document the results of a clinical trial may infige or limit the therapist’s
patient management and clinical responsibilitiesd d&avour incomplete data

collection and therapist’s withdrawing from thedstu

Reviewing the international literature on perceptand attitudes to research, it
emerges clearly that much attention is paid to Ipatvents involved in research
projects perceive the meaning of research conduetnm how they feel in being
involved in such studies, while little interestdevoted to professional’s point of

view.

In Italy, experimental research in the field of giaéric rehabilitation has begun
very recently and the studies on scientific evidsnare very rare, mainly data on
botulinum toxin and intratecal Baclofen have beeblished®* %> 2% To our
knowledge, neither reports on therapeutic trialsdeeted in local rehabilitation
services nor perception of professionals involvedesearch projects have been

published to date.

The aim of this study is to present the perceptiand attitudes of different
professionals involved in a multisite clinical trian the efficacy of a new
rehabilitation approacf’, exploring their attitude towards the usefulne$s o
clinical research, the difficulties to be facecconducting an experimental project
in a local rehabilitation service and the transkatdf the results into clinical daily

practice.
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Materials and Methods

Study design and sample

To explore the opinions on conducting researcHimcal rehabilitation, a cross-
sectional study was conducted among 76 professiaumaking in 19 Italian
rehabilitation services (4 research instituteslotl rehabilitation services).

All the professionals interviewed are currentlylugal in a multi-centre clinical
trial on the effects of Constraint Induced Movemeéherapy (CIMT) on children
with hemiplegic cerebral pal$y and they all belong to the Italian Group of
Cerebral Palsy (G.I.P.C.1.), an association founaed 994 and composed by
physiotherapists, physicians and psychologists. lomp has worked for 15
years in defining the decision-making process afhdical management of

children with cerebral palsy.
The questionnarie

The pilot survey was conducted utilizing an ad ljoestionnaire (see annex 1)
composed by 15 questions. The questionnaire expkeeeral areas dealing with
feasibility, usefulness, products, costs, judgenssrt perceptions about clinical

research in rehabilitation.

In detail, the questions explore the opinions anukefulness of clinical research
in general and in daily practice, on which are rtinin difficulties to be faced in
conducting experimental projects in a rehabilitatservice (either within a local
health service or in a hospital/research instifuted personal experience in terms

of time and efforts spent, the influences and chang the organization of daily
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practice needed in developing the project and|lfinthe possibility to translate

the results in clinical daily practice.

One question was organized with a 5 point scake few resources> 5 = a lot of
resources), seven questions with a 4 point scatallft agree/partially agree/do
not agree at all/don’t know) and the remaining semensisting of open questions
with several proposed answers.

The participants answered voluntarily to the questaire, that was distributed at
each of the 19 rehabilitation centres or hospiisrently involved in the

multicentric clinical trial.

The validity of the questionnaire has not been iexfyl tested but it's content
validity was explored and confirmed. The instrumerds developed in three

phases.

In the first phase, the items were developed visgexensive literature review,
which was analysed by content analysis. This reweas conducted using the
MEDLINE and PsycINFO databases from the years 189®008 and the
following key words: rehabilitation research, pd®nals attitude, rehabilitation

services, professionals perception, clinical redear

To estimate and evaluated the face validity, th& firaft of the instrument was
examined and critiqued and experts in rehabilitatio physical therapy, in social
research, epidemiology and biostatistics= (15). The purpose of the expert
evaluation was to ensure that the items would sspriecritical attributes as well

as to gather more relevant items from the expeoisit of view. In addition, they
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were also asked to write their comments and toitdas if they considered them
relevant to the phenomenon. One item was removetherbasis of the expert
evaluation because of its redundance, two were cadael four were slightly

modified.

Results

68 out of 76 professionals working in one of the rEhabilitation centres
participating to the research project answeredgtiestionnaire (response rate of
89.4%): responders’ main characteristics are sumethrin Table 9.1.
Responders are mainly women, with a proportion:tbf & mean age of 42 years

(median 43, mode 53, age range 22-61).

69% of professionals were rehabilitation therapigtbysical therapists and
occupational therapist), 28% were physicians (23#d gsychiatrists or child

neurologists and 3% physiatrists) and 3% psychstsgi

More than 50% of professionals works in the actehhbilitation service since 10
years ago: on average, the responders have be&mwaince 13,7 years ago

(range 1-35 years) (Table 9.1).

The professionals who refused to answer the questice did not differ
significantly from the responders according to it&n variables considered (age,

sex, background, professional experience, typelwdilitation service).
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Feasibility

More than 75% of the sample think that their reli@tion centre is suited to
develop clinical research, while the remaining 2b%ks that research trials have

to be carried out in other centers (11%) or in @Enbf excellence (14%).

Thinking to case to be recruited in research ptsjgmrofessionals think that any
kind of case is suitable for being enrolled (51%ggardless severity of
impairment, age and compliance to treatment, wthi& remaining 49% thinks
that cases with too severe motor impairment (14%9, young (< 2-4 years of
age) (24%) and those in which a small change i®&ep (3%), should not be

included.

Usefulness

Nearly all the interviewees think that clinical easch in rehabilitation is very
useful both in general and for the development kadirt daily activities. In

particular, the research project carried out wasféd to acquire new tools for the
assessment of children (48%), demonstrate theaeifiof a new treatment option
and to learn a new way of working (26% each) anehgthen the ties within the

working team (12%) (Figure 9.1).

Costs’ perception

Clinical research is considered very costly in t®wh personal time and effort in
more than 50% of the sample, while it is less gostlterms of service time,

organization and resources (nearly 40%) (Figurg 9.2
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Products

According to professionals, research can modifyrdfebilitation praxis, mostly
on what attains the ability to utilize and applysessment tools (60%), the
relationship with colleagues and other profess®i{a0%), the relationship with
children and their families (25%). In a single cabe relationship with the child

has worsened.

Extendibility

According to most of the interviewees, a researdl experience should be
proposed and conducted also in other rehabilitagervices, and a similar

experience should be planned also for other neairtrent options.

Overall judgement

70% of the sample thinks to have a flair for reskeaactivity, although in 60% of

cases declares that research is not on of hiséneice’s duty (Table 9.2).

Research is considered a positive experience becafisthe gaining of
competence and new technical skills (63%), collabon with other
centers/services (62%), amelioration of the orgation, cooperation and working
within each service. On the contrary, researcloisiclered as negative due to the
difficulties in organizing the new treatment/intention according to a shared
protocol (often requiring a modification is usuaganizational procedures), and
those related to the complex and time-consumingsassent phase, required in

the research program.
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In general, 98% of professional declared to be afisgd to participate to other

research projects and clinical trials.

Discussion

There is a widespread agreement on the need dingea culture of research to
keep pace with the increasing need for developmgtasting new approaches for
diseases managem&fit This statement is particularly true and urgerthia field

of paediatric rehabilitation, since too often ire thast, a low-quality research or
no research at all has allowed the diffusion oflelitation treatments and praxis
not based on scientific evidence and whose effieaxd/safety was not tested and
demonstrated> %°.

However, the several problems encountered in cdmducesearch in pediatric
rehabilitation are a matter of fact and are usuadliated to the health-care
delivery systems and to professionals attitudes rakel as well as to the their
different cultural background.

Research and care are often seen as conflictingitest In the literature,
conducting research in clinical setting includeso twets of relationships:
researcher-subject and clinician-patient, usuallgriggmed by the same
individuals and therefore potentially generatingnftioting and confusing
professionals rolé&".

The struggle to reconcile care and research oftgrents upon professionals
perception that certain types of care were insdparf@aom the research and that

research is avay of taking care of patierffs, and therefore, clinicians must be
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encouraged to consider research as their own retpldy, not only academic

institutions’ and research organizations’ duty.

The results of our investigation on the clinicigmsrception of research is in
accordance with these remarks on research.

In our sample, the results show that most of thefegsionals interviewed

consider worthwhile the research experience comrduand, besides the efforts
taken and the difficulties, nearly all respondexpress the will to repeat the

experience.

According to professionals, the conducted reseaesh improved and enriched
their rehabilitation practice and their systematitilization of validated

assessment tools. This issue is reported by othghofs that underline that
scientific research offers many other satisfactionaddition to the excitement of

a new approach validatioHi.

Another relevant result regards the opportunityassociate with colleagues
involved in the same project study, as other Aughemphasized. Clinicians
working as researchers with peers who think deaplty care passionately about
subjects of common interest, besides the primatgomoes of research, have
many chances to work with different people in are&®re disciplines overlap,

explore new fields, and broaden their expeftise

In Italy, the rehabilitation services are mainlgadted in territorial and community
health centers which are inhomogeneous due toreliffeaspects, i.e. different
departments of affiliation (social, medical, psyldyical, psychiatric services),

professionals’ training and background, resourcesilability, being or not
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involved in an updating and collaborative networkwmrking in structures of
rural areas, with the result that very often prsi@sal suffer from “working

isolation”. In this context, research can create thpportunity to promote
networking and experience sharing. Support and eriing should be considered

in research projects planning in real-world climisetting$®®

The most relevant negative aspect of research al@went regards the conflicting
interest between care organization and delivery rasdarch conduction, mainly

on the assessment phase.

In general, this problem needs to be encompasseddmynmitment of resources
and a respect of clinicians practice burdens and@mments. This is usually very
difficult in a primary care setting where the maluaty is respect a daily patient

visit quota.

Furthermore, an adequate study design tailored hamapists’ interests and
questions and providing information that the thetspperceive as relevant to
their clinical practice is clearly needed. Researshoften have considerable
freedom both in choosing what to investigate andieciding how to organize
their professional and personal lives. For futuesearch project involving
rehabilitation professionals, the dialogue betwaemstigators and therapists is
urgently needed, especially on problems and hygatharising from clinical

practicé®* 2>
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Conclusions

This pilot survey highlighted the importance an@ tmeaning of conducting
research in local rehabilitation services in terofisbuilding networks, sharing

experiences and knowledge, connecting with centeegcellence.

In the professionals’ opinion, in fact, the modevant outcome deals with the
personal benefits deriving from research conduatoterms of new knowledge,
skills and attitudes, rather than the generatiomes and good evidence for an

innovative rehabilitation praxis.

In conclusion, two main needs arise. On one sidefepsionals working in the
field of rehabilitation seem to look forward fomaw professional identity, which
has been confused and modified by the isolationfeaginentation of the local

rehabilitation service. The currently availablelsofor professionals updating and
continuing education seem to be inadequate to theeteal need of those who
work in local contexts, far from research and t@aghcenters. An efficient

network is urgently needed linking all the servicaltowing the peer discussion,
the experiences exchange, the acknowledgemented$ @nofessionals role and
of the quality of the work developed, and requirithg continuous review of

competences and relationship with patients andlisni

Moreover, the second need deals with the educatistem for rehabilitation. The
agencies in charge to train professionals that wibrk in the rehabilitation
services need to include specific training modideshape the attitudes of future
professionals towards research and to give toot®taluct and translate research

intro daily practicé®.
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Tables & Figures

Table 9.1.Responders: main characteristics

Variables
Sex Male 16%
Female 84%
Age Mean 42 yrs
Range 22-61 yrs
Background Neurologist 25%
Physiatrist 3%
Psychologist 3%
Physical therapist 54%
Occupational therapist 15%
Employed since
70s 16 (24%)
80s 19 (28%)
90s 13 (19%)
2000 17 (25%)
No information provided 3 (4%)
Working in Teaching Hospital (29) 42%
Local Rehab Services (39) 58%
Professional experience Mean 13, 7 yrs
(years) Range 1-35 yrs
Employed in the same Service since
< 5years 19 (27,9 %
5-10 years 17 (25,0 %
10-20 13(19,1 %
> 20 19 (27,9 %
Clinical Research Institute 17 (25 %)
Local Territorial Rehab Service 51 (75 %)
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Table 9.2.Research and daily practice: professional’s opinio

Totally agree  Partially agree Do not agree Do not know
(%) (%) (%) (%)
Research in rehabilitation is useful 99 0 0 1
Research is a duty of my Service 42 39 18 1
Research is useful to my personal daily practice 94 6 0 0
| have a flair for reaserch 69 23 6
Research experience should be extended to other Siees 88 12 0 0
'cl)'gt(?orrgsearch | am involved in should be applied forother treatment 58 15 4 23
Better Worse No change Do not know
How my practice changed after conducting the reseah 71* 1x* 1 27

* The answers indicated an amelioration in the ¢iyical relationship with patients, parents, cglles or other professionals, and (B) in the utilimaof new

assessment tools

** The answers indicated a worsening in the (Ahidal relationship with patients

| wish to participate to other research projects inthe future

Yes

88

No
12
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Figure 9.2. How many resources where spent during the reseproject? In terms of whatPhe professionals’ opinion (1 = few
resources> 5 = a lot of resources)
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Annex 9.1 Re.Pro.At.T.Res.
REHABILITATION PROFESSIONALS ATTITUDES TOWARD RESEA RCH

Service

Sex

Age

Professional role

Employment year

Employment year in this service

1. I think the research project I'm working on could
also be developed:

_| in my Service

|_] in other services

|_] in centers of excellence

|_| other

|_| none

|_|] any kind of case
|_| other
|_| none

4. The research project developed was useful
because:

2. Such research project requires to be developed:

_| 3 years

|_| less than 6 months
|_] at least 1 year

|_| other

|_| none

3. Such research project requires to be developed:

|_| extremely severe cases
|_| mildly severe cases
5. Resources spent
Personal time
Personal effort
Service organization

Service time

Service resources

6. This experience could be reproduced for other
types of treatment

|_|totally agree |_| partially agree
|_| do not agree at all |_] don’t know
7. This experience should involve other services
|_lyes |_Ino
8. Is Research useful in Rehabilitation?
|_|totally agree |_| partially agree
|_] do not agree at all |_] don’t know

12. Has this research experienced changed
something?
|_] yes (better) |_] yes (worse)
|_] no |_] don’t know
If yes, main changes:
|_| relationship with patients
|_| relationship with relatives of patients
|_| relationship with colleagues
|_| relationship with other professionals
|_] tools that | am able to utilize
13. What | have appreciated most
|_] competence
|_] organization
|_| kindness
|_| collaboration with other Services
|_| a different way of working
|_| collaboration within my Services
|_| none
|_ |other
14. What weighed most
|_] scarce collaboration among professionals

Jouuob
0000

|_| has demonstrated the efficacy of a new
treatment option

|_| learned to utilize new tools for children
assessment

|_| has contribute to build the team

|_| has introduced a new working methodology
|_| learned to utilize standardized tools for aleitd
assessment

|_| other

|_| none

OO0 e
JoUo-
000 O

9. Is Research part of the duties of your Service?

11

|_|totally agree |_| partially agree
|_] do not agree at all |_] don’t know

10. Is Research useful for your personal work?
|_|totally agree |_| partially agree
|_] do not agree at all |_] don’t know

. Do you feel inclined for Research?

|_|totally agree |_| partially agree
|_] do not agree at all |_] don’t know

| difficulties in making/organizing treatment
| not enough time spent

| too much time spent

| too much involvement of the family

| not enough involvement of the family

| no results

| scarce information

| being isolated

|_] economic burden

|_| other

|_| none
15. Would you participate to a new research
project?

|l yes |_I no
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