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Background: Childhood-onset hyperkinetic movement disorders (HMD), including dystonia are notori-
ously difficult to treat and there are limited studies showing successful medical, surgical or non-
pharmacological interventions.
Methods: This prospective study used grouped data (n ¼ 22) from two studies of the Cognitive Orien-
tation to daily Occupational Performance (CO-OP) Approach for patient-selected goals. Eligibility
included aged 6e21 years, deep brain stimulation in place, with manual ability classification system level
I-IV. Outcome was assessed on a range of patient-reported and clinician-rated measures across the In-
ternational Classification of Function at end-treatment (10 weekly sessions) (series 1 and 2) and 3-month
follow-up (series 1). Feasibility of outcomes to be used in a full trial were explored.
Findings: Nineteen participants completed the intervention and were included in the analysis. Of the
primary outcome measures, the self-reported Canadian Occupational Performance Measure showed
improvement in goal performance (mean change 4.08, 95% CI [3.37,4.79] post-; 4.18 [5.10,5.26] follow-
up), and satisfaction (4.03 [3.04,5.03) post-; 4.44 [3.07,5.82] follow-up]. The Assessment of Motor and
Process Skills showed improved motor score (0.52 [0.01,1.03] at follow-up only, while the process score
did not change. Objective blind-rated pooled data using the Performance Quality Rating Scale-
individualized indicated significant change for trained goals (3.79 [3.37,4.21] post-; (4.01,5.10) follow-
up] and untrained goals (1.90 [1.24,2.55] post 1.91 [0.23,3.60] follow-up]. Motor impairment assessed
by the Burke-Fahn Motor Disability Rating Scale was unchanged (�3.26 [-6.62,0.09] post-; �1.11
[-8.05,5.82] follow-up). Improvement was also observed in self-efficacy (0.97 [0.47,1.47] post-; 1.37 [1.91
e0.83] follow-up) and Quality of Life (0.12 [0.03e0.22] follow-up).
Goal improvement; self-efficacy and quality of life captured significant change post-intervention. This
improvement was shown despite no change on impairment-related measures and were shown to be
feasible measures to use in a larger study of CO-OP for this population.
Crown Copyright © 2021 Published by Elsevier Ltd on behalf of European Paediatric Neurology Society.
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1. Introduction

Despite guidelines recommending rehabilitation for childhood-
onset hyperkinetic movement disorders (HMD), particularly
dyskinetic cerebral palsy (CP), the efficacy of any specific approach
or strategy has yet to be established [1]. Children and young people
with dyskinetic CP are rarely included in trials and, when they are,
ediatric Neurology Society. All rights reserved.
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their numbers are typically small relative the other participants
with spastic CP. Sub-group analyses are typically not provided
making understanding intervention effects for this population
difficult to ascertain. Therapeutic interventions that can provide
meaningful changes in functional performance and ultimately,
enable participation in key activities and roles remain a major
knowledge gap in childhood-onset HMD.

The approach, the Cognitive Orientation to daily Occupational
Performance (CO-OP) [2], is an individualized client-centred
intervention that uses cognitive task-specific training focusing on
skill development with the ultimate goal to improve participation.
CO-OP differs from other goal-oriented or task- oriented/specific
approaches and interventions as it engages the patient as an active
participant in the therapeutic process in problem-solving to ach-
ieve their personal goals. The intervention consists of 10 sessions
addressing 3 participant-selected goals (tasks). With its theoretical
basis on learning and cognitive approaches, learning new skills is
viewed as a problem-solving exercise and one that should occur in
the appropriate context (i.e., home or the school) to facilitate
generalization and transfer. CO-OP actively engages the client in
generating, testing and refining their own strategies to achieve
their goals. This aspect of CO-OP is intended to support transfer and
generalisation to other goals, with benefits extending beyond the
duration of the therapy intervention. It is the role of the CO-OP
therapist to help clients to develop their own effective strategies.

A key shift in our conceptualisation of chronic health conditions
over the past 20 years has been to move away from focusing on the
symptoms of clinically defined symptoms indicating impaired
function of a body system (e.g. dystonia), and consider its impact on
day-to-day and wider function. The International Classification of
Functioning, Disability and Health Framework (ICF) [3] provides a
basis and skeleton to enable clinicians and researchers to share
information across a series of domains and to encourage a common
language to share information. The ICF has five main areas: (i) Body
functions and structures, (ii) Activity, (iii) Participation, (iv) Per-
sonal factors, and (v) Environment.

The ICF provides a useful Framework for describing the func-
tional impact of HMD in children. Compared to impairment mea-
surement, the impact of HMD on activity and participation has been
less well studied [4] and our understanding of the real-life diffi-
culties for people living with this condition is slim. There are few
studies that have attempted to measure the effect of interventions
using measures across the ICF beyond dystonia or impairment
reduction [5].

Evidence-based interventions addressing problems at activity
and participation levels for childhoodHMD are not available. Current
understanding of the underlying factors affecting childrenwithHMD
is evolving and the importance of non-motor factors in adult-based
studies is being noted. More work is required in the paediatric field
of HMD in order to understand underlying components but most
importantly the link to function in terms of activity and participation
is required. On the one hand, children, young people and their
families are reporting what is important for them to change with
interventions such as DBS (Gimeno et al., 2013a) and on the other
hand the majority of studies focus on impairment based measures
failing to address clients’ concerns (Lumsden et al., 2015).

Two series of Single Case Experimental Design (SCED) studies
showed reliable evidence of individual-level improvements in self-
selected goals following CO-OP in a heterogeneous group of
childhood-onset HMD with deep brain stimulation (DBS) [6,7]. The
purpose of this study is two-fold; firstly to measure change at post-
intervention and three months follow-up across body function,
activity, and participation and other outcomes such as quality of life
organised by ICF domains [3]. Secondly, to obtain data on potential
outcome measures to understand their use in a full-scale trial.
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2. Methods

2.1. Design

This is a secondary analysis of pooled within-subject data using
measures used in two reported series of SCED studies [6,7] and
group data results not previously reported. These two SCED studies
investigated proof-of-concept and preliminary evidence of efficacy
[6,8] and effectiveness [7,9] of CO-OP as an adjunct to DBS in chil-
dren and young people with HMD between October 2014 and July
2016. Full ethical approval was obtained by the NHS Health
Research Authority Oxford A Research Ethics Committee (14/SC/
1159). The trial was registered with the ISRCTN Registry
(ISRCTN57997252). Written informed consent was obtained from
all parents and from participants over 12 years of age. Assent was
obtained from younger children.

2.2. Participants

Recruitment strategy, inclusion and exclusion criteria have
previously been described in the study protocols original trial
publications [8,9]. Participant details are shown in Table 1. Children
1e10 formed series 1 [6], and 11e22 series 2 [7].

Participants in Series 1 were purposively recruited to cover the
range of clinical heterogeneity within the clinical population of
patients with HMD receiving DBS in a large treatment facility.
Participants were chosen by the principal investigator so that var-
iables (Manual Ability Classification System (MACS) [10], DBS
duration, aetiology and movement disorder phenotype) could be
manipulated one at a time as per SCED guidelines. For Series 2 all of
the remaining potential participants on the clinical database of a
large treatment facility that met the eligibility criteria were
approached and the recruitment rates are reported elsewhere [7].

2.3. Measures

A number of measures were used in order to (i) phenotype
participants from a motor and non-motor perspective, (ii) measure
change after the intervention (post-treatment) and at 3 month
follow-up across the domains of the ICF, (iii) obtain feasibility pa-
rameters, and (iv) obtain preliminary/exploratory data on potential
outcomemeasures to understand their use in a full-scale trial. Most
measures available have not yet been validated for childhood-onset
HMD hence the latter objective to use of a number of instruments
as primary and secondary outcomes and some as exploratory
measures. Table 2 summarises the measures used, type, time points
and who evaluated, completed and scored each assessment. Out-
comes at activity and participation levels including goal improve-
ment and outcomes at motor and non-motor impairment domains
are shown in Table 3. Further changes in the ICF domain of self (self-
efficacy; i.e., someone's beliefs about their capabilities to produce
effects) [11] and quality of life (not part of the ICF domains), were
also captured and are shown in Table 3.

The results for all pre-, post-, follow-up secondary outcome
measures are reported. Assessments at activity and participation
domains included the Adaptive Behavior Assessment System
(ABAS) [12], the Assessment of Motor and Process Skills (AMPS)
[13] (series 1 onlye primary outcomemeasure), the disability score
from the Burke-Fahn-Marsden Dystonia Rating Scale (BFMDRS-D)
[14], the Pediatric Evaluation Disability Inventory (PEDI-CAT) [15],
and the two co-primary measures to evaluate progress in individ-
ualized goals; the Canadian Occupational Performance Measure
(COPM) [16] and the Performance Quality Rating Scale e individ-
ualized (PQRS-i) [17]. Body function and structure domain
(impairment measures) were measured using the Burke-Fahn-



Table 1
Participant details across the two studies.

Child Age Diagnosis Gender Phenotype MACS GMFCS DBS
duration

BFMDRS
baseline

BRIEF baseline (T scores) BRI |
MI

1 9y 8 m Primary unknown (Idiopathic) M Dystonia II I 36 m 26.5 86 | 64
2 8y 8 m DYT-11 (Inherited) F Dystonia and myoclonus II I 24 m NT
3 17y 4 m ABI (Dystonia post meningitis)

(Acquired)
F Dystonia II I 14 m 45.5 67 | 59

4 17y 6 m HIE CP (Acquired) M Dystonia and
choreoathetosis

III II 19 m 46.5 62 | 57

5 15y 2 m Ex prem CP (Acquired) M Dystonia and
choreoathetosis

IV IV 48 m 77.5 50 | 45

6 13y
11 m

HIE CP (Acquired) F Dystonia and
choreoathetosis

II II 6 m 60 67 | 71

7 18y
11 m

BHC (Inherited) F Dystonia and myoclonus II I 1 m 32.5 64 | 52

8 13y
10 m

Kernicterus CP (Acquired) F Dystonia IV II 14 m 69 46 | 42

9 13y 6 m Primary unknown (Idiopathic) M Dystonia and tremor III I 7 m 43.5 62 | 60
10 12y 3 m Primary unknown (Idiopathic) F Dystonia and myoclonus II III 48 m 29.5 78 | 71
11 11y8m HIE CP (Acquired) F Dystonia IV II 6 m 58.5 61 | 65
12 16y

11 m
CP (Acquired) F Dystonia and

choreoathetosis
IV III 48 m 66.5 55 | 59

13 19y 4 m Primary DYT1 þve (Inherited) F Dystonia II III 30 m NT
14 8y 6 m Stroke (Acquired) F Dystonia II I 6 m 39 46 | 63
15 19y

10 m
Primary (KMT2B)
(Inherited)

F Dystonia II I 9 m 66.5 43 | 51

16 14y Dopa responsive gene (Inherited) F Dystonia and
choreoathetosis

II III e NT

17 16y 7 m HIE CP (Acquired) M Dystonia and
choreoathetosis

II II 6 m 57 54 | 51

18 9y 8 m DYT-11 (Inherited) F Dystonia and myoclonus II I 2 m 28.5 55 | 62
19 9y 3 m Glutaric Aciduria Type I (Inherited) M Dystonia and

choreoathetosis
IV III 54 m 71.5 36 | 43

20 18y
11 m

Stroke (Acquired) M Dystonia II II 6 m 48.5 54 | 45

21 17y 4 m CP (Acquired) M Dystonia II II 15 m 47 47 | 56
22 15y 9 m Secondary e CP (Acquired) F Dystonia and

choreoathetosis
II I 54 m 37.5 61 | 63

Abbreviations: MACS (Manual Ability Classification System); GMFCS (Gross Motor Function Classification System); DBS (Deep Brain Stimulation); BFMDRS (Burke-Fahn-
Marsden Dystonia Rating Scale); BRIEF: Behavior Rating Inventory of Executive Function; BRI (Behavior Regulation Index); MI (Metacognition Index); M: Male; F: Female; ABI
(Acquired Brain Injury); HIE (Hypoxic Ischaemic Encepalopathy); CP (Cerebral Palsy).
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Marsden Dystonia Rating Scale e movement scale (BFMDRS-M)
[14] to measure any change in dystonia at post- and follow-up. The
Dyskinesia Impairment Scale (DIS) [18] was used but discontinued,
reasons explained further in Supplementary Information eSIe1).
For executive function measurement, the Behavior Reported In-
ventory of Executive Function (BRIEF) [19] was usedwith parents to
examine the behavioural manifestations of executive function in
everyday life. Executive impairment was objectively measured by
the Children's Color Trails Test-2 (CCTT-2) [20] in study 1, and the
Children's Trail Making Test (CTMT) and the color Word Interfer-
ence Test (CWIT) (inhibition/switching) in study 2 [21]. The Spence
Anxiety [22], children and parent questionnaire versions, were
used to examine anxiety. Assessments at level of self was
completed with the self-efficacy gauge-paediatric (SI-2), and
quality of life was measured with the European Quality of Life-5
dimensions [23]. See the trial protocols [8,9] for a full description
of outcome measures and procedure for administration and
scoring. Other than those assessed at baseline only, measures were
completed at all time points; baseline and post-intervention for
both studies and 3 months follow-up for Series 1.

2.4. Procedure

Objective rating using the PQRS-i, AMPS and BFMDRS was per-
formed from video recordings by independent raters blind to the
time of assessment relative to treatment. The AMPS was used only
in Series 1 as a co-primary outcomemeasure and was administered
twice before intervention (one week apart) with participants
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choosing the twomost motivating tasks to complete for each AMPS
assessment as prescribed in the AMPS manual [13]. It was repeated
at the other two time points (post- and follow-up). The AMPS was
not selected for use in Series 2 based on the analysis of Series 1
results and in effort to reduce assessment burden for the pre-
liminary effectiveness study. The BFMDRS was filmed following the
unpublished clinical protocol used by the Complex Motor Disorders
Service (CMDS) which is based on the original guidelines [14] that
specify angles, instructions and set-up in an attempt to standardize
procedures. All assessments were completed and scored by quali-
fied therapists blinded to the time of treatment.

For the BFMDRS, two raterswere used, and the percentage change
was calculated using the following formula: pre-intervention score
minus post-intervention score divided by pre-intervention score and
multiplied by 100. A post-intervention change of 27% has been pre-
viously considered to be clinically significant [18]. Inter-rater reli-
ability was established as excellent with ICC ¼ 0.992. For the AMPS
only one rater from AMPS UK Faculty was used and the AMPS soft-
ware used to compute motor and process logits. All videos were
randomly selected for rating and metadata removed. As such, raters
were blinded to intervention time. Whilst the AMPS procedure is to
score the tasks live by a qualified rater, for the purpose of this study
and to maintain blindness we filmed the AMPS tasks. The AMPS was
performed by a certified AMPS rater (HG) and inter-rater reliability
with the rater of the filmed tasks had been established as part of a
separate research project with this population and using ratings
performed live by one of the researchers (HG) andwith the rater used
for this study scoring the same AMPS blindly.



Table 2
Outcome measures administered, classification and time points used.

Instrument Purpose Type of measure and whether
primary (P)/secondary (S)/
exploratory (E)

Objective/
Subjective/
Blind rated

Time points used (study) Completed
by

Scored by Use in
childhood-
onset HMD
(refs)

Functional classifications
GMFCS [9] Classification

system
Classification system N/A Baseline (Study 1&2) n/a n/a Yes [10]

MACS [8] Classification
system

Classification system N/A Baseline (Study 1&2) n/a n/a Yes [10]

Assessments at activity and
Participation domains (in
alphabetical order)

ABAS-II [11] Adaptive
Behavior

Questionnaire (S) Proxy-
reported

Baseline, post- (Study
1&2), Follow-up (Study
1)

Parent/
Carer

RA No

AMPS [12] ADL Evaluative (P) Objective Baseline, post-Follow-up
(Study 1)

Participant Blind rater No

BFMDRS-D [13] Dystonia rating
scale-disability

Evaluative (S) Proxy-
reported

Baseline, post- (Study
1&2), Follow-up (Study
1)

Parent/
Carer

Added by PI/
RA

Yes [14,15]

COPM [16] Goal
attainment

Evaluative (P) Self-reported Baseline, post- (Study
1&2), Follow-up (Study
1)

Participant Added by PI/
RA

Yes [17,18]

PEDI-CAT [19] Activities &
participation in
life tasks

Questionnaire (S) Proxy-
reported

Baseline, post- (Study
1&2), Follow-up (Study
1)

Parent/
Carer

Computerised No

PQRS-i Goal
attainment

Evaluative (P) Objective Baseline, treatment, post-
(Study 1&2), Follow up
(Study 1)

Participant Blind rater No

Assessments at Body Function
and Structure domain (in
alphabetical order)

BFMDRS-M [13] Dystonia Rating
Scale

Questionnaire (S) Self-reported Baseline, post- (Study
1&2), Follow-up (Study
1)

Participant Blind rater Yes [14,15]

BRIEF [20] Executive
Function

Questionnaire (S) Proxy-
reported

Baseline, post- (Study
1&2), Follow-up (Study
1)

Parent/
Carer

RA No

Color Word Interference(21) Executive
Function

Evaluative (E) Objective Baseline (Study 2) Participant PI/RA No

DIS [22] Dyskinesia
Rating Scale

Evaluative (E) Objective Baseline (Study 1) Participant Discontinued Dyskinetic CP
only [22,23]

Spence Anxiety-C&P(24) Anxiety Questionnaire (E) Proxy- and
self-reported

Baseline, post- (Study
1&2), Follow-up (Study
1)

Participant
Parent/
Carer

PI/RA No

Trail making test [21] Executive
Function

Evaluative (E) Objective Baseline (Study 2) Participant PI/RA No

Assessments at level of self-
SEG-P Self-efficacy Questionnaire (S) Self-reported Baseline, post- (Study

1&2), Follow-up (study 1)
Participant PI/RA No

Quality of life
EQ-5D [25] Quality of Life Questionnaire (E) Self-reported Baseline, post- (Study

1&2), Follow-up (Study
1)

Participant PI/RA No

Abbreviations: ABAS ¼ Adaptive Behavior Assessment System; ADL ¼ activities of daily living; AMPS ¼ Assessment of Motor and Process Skills; BFMDRS-D ¼ Burke-Fahn-
Marsden Dystonia Rating Scale-Disability; BFMDRS-M¼ Burke-Fahn-Marsden Dystonia Rating Scale-Movement; BRIEF¼ Behavioural Rating Inventory of Executive Function;
C&P ¼ Child and Parent; COPM ¼ Canadian Occupational Performance Measure; DIS ¼ Dyskinesia Impairment Scale; EQ-5D ¼ European Quality of Life-5 dimensions;
GAS ¼ Goal Attainment Scale; GMFCS ¼ Gross Motor Classification System; MACS ¼ Manual Ability Classification System; n/a ¼ not applicable; PEDI-CAT ¼ Pediatric
Evaluation Disability Inventory-Computer Assessment Tool; PQRS-i: Performance Quality Rating Scale-Individualized; PI ¼ Principal Investigator; RA ¼ Research Assistant;
SEG-P ¼ Self -Efficacy Gauge-Paediatrics.
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Executive function measures and all remaining participant and
parent-reported outcomes were scored by a research assistant and
double checked by a second research assistant and entered on the
study excel database. The principal investigator (PI) checked ques-
tionnaire results at random for any potential error in data entering.

2.5. Data analysis

Statistical analysis was completed using SPSS (Version 23).
Descriptive statistics were used to describe participant baseline
characteristics on study variables and are summarized with mean
162
and standard deviations. Changes for the primary and outcome
measures across the domains of the ICF were compared using
paired t-tests for two periods: (i) before and after CO-OP inter-
vention (for both studies), and (ii) before treatment and after 3
months follow-up (study 1).

Size of treatment effect was estimated using difference inmeans
between pre- and post-for pooled data from both studies where
available including estimation of 95% confidence intervals (CI).
Further, difference in means and 95% CI were also calculated be-
tween pre- and follow-up for series 1. Standardized effect sizes
(Cohen's d) are shown for each measure.



Table 3
Outcome measures: before and after CO-OP treatment and at 3 months follow-up.

Outcome Measures Pre-N, mean
(SD)

Post-N, mean
(SD)

Follow-up
N, mean (SD)

Mean change
(95% CI)

p-value Effect size
(cohen d)

Mean change
(95% CI)

p-value Effect size
(cohen d)

Pre-Post Pre-Follow-up
Primary outcome measures
PQRS-i trained goals (range 1

e10)
n ¼ 19
3.36 (0.52)

n ¼ 18
7.15 (0.90)

n ¼ 9
7.74 (0.31)

3.79 (3.37,4.21) <0.001* 3.91** 4.56 (4.01,5.10) <0.001* 7.79**

PQRS-i untrained goals
(range 1e10)

n ¼ 19
4.49 (0.49)

n ¼ 18
6.38 (1.11)

n ¼ 9
6.30 (1.62)

1.90 (1.24,2.55) <0.001* 1.97** 1.91 (0.23,3.60) 0.032* 1.20**

AMPS-m (logits, range �3 to
4)

n ¼ 8
�0.15 (0.99)

n ¼ 7
0.13 (0.98)

n ¼ 7
0.24 (0.88)

0.28 (�0.23,0.79) 0.224 0.287 0.52 (0.01,1.03) 0.049* 0.54

AMPS-p (logits, range�4 to 3) n ¼ 18
0.07 (0.55)

n ¼ 11 0.15
(0.49)

n ¼ 11 0.35
(0.37)

0.08 (�0.07,0.23) 0.249 0.14 0.19 (�0.20,0.59) 0.278 0.45

COPM-P (range 1e10) n ¼ 19 2.57
(0.99)

n ¼ 18 6.66
(1.92)

n ¼ 19 6.64
(1.50)

4.08 (3.37,4.79) <0.001* 2.25** 4.18 (3.26,5.10) <0.001* 3.11**

COPM-S (range 1e10) n ¼ 19 2.82
(1.12)

n ¼ 18 6.81
(2.30)

n ¼ 19 7.17
(1.75)

4.03 (3.04,5.03) <0.001* 2.04** 4.44 (3.07,5.82) <0.001* 3.14**

Secondary outcome measures e Activity and Participation (Scale scores)
PEDI-CAT
Daily activities

n ¼ 17
54.53 (2.88)

n ¼ 17
55.53 (2.56)

n ¼ 8
55 (3.34)

1 (�0.025,2.02) 0.055 0.363 0.25 (�1.58,2.08) 0.756 0.08

Mobility 62.14 (4.33) 62.93 (3.58) 62.38 (2.88) 0.79 (�0.33,1.90) 0.151 0.184 0.13 (�0.07,2.56) 0.732 0.04
Social 69.13 (3.68) 70.40 (3.81) 73.13 (4.39) 1.27 (�0.07,2.60) 0.061 0.337 2.13 (0.55,3.70) 0.015* 0.43
Responsibility 53.87 (6.28) 55.13 (5.29) 55.13 (4.12) 1.267

(�0.789,3.322)
0.208 0.212 0.875

(�0.46,2.51)
0.247 0.21

ABAS GAC n ¼ 18
56 (21.06)

n ¼ 16
58.94 (29.02)

n ¼ 9
50.33 (21.62)

0.87
(�14.09,15.82)

0.90 0.033 �4.25
(�18.87,10.37)

0.514 �0.19

ABAS Conceptual 23.17 (9.33) 22.94 (8.96) 22.44 (9.89) �0.93
(�5.39,5.32)

0.66 �0.102 �0.88
(�7.40,5.65)

0.761 �0.08

ABAS Social 16.28 (7.32) 16.19 (7.18) 13.33 (7.43) �0.27
(�3.24,2.70)

0.85 �0.037 �1.25
(�4.47,1.97)

0.388 �0.16

ABAS Practical 15.72 (8.43) 15.56 (8.76) 13.67 (6.60) �1.47
(�6.59,3.65)

0.55 �0.167 �2.25
(�7.90,3.40)

0.378 �0.33

Secondary outcome measures (impairment)e Motor
BFMDRS-M (range 0e120) n ¼ 19 49.03

(15.95)
n ¼ 17 45.76
(15.77)

n ¼ 9 46.72
(20.57)

�3.26
(�6.62,0.09)

0.056 �0.205 �1.11
(�8.05,5.82)

0.721 �0.06

BFMDRS-D (range (0e30) n ¼ 19
11.82 (4.81)

n ¼ 17 10.88
(4.51)

n ¼ 9 9.44
(4.50)

�0.94
(�2.22,0.34)

0.138 �0.2 �1 (�1.94,-
0.059)

0.040* �0.21

Secondary outcome measures (impairment) e Executive Function (scale scores)
BRIEF BRI n ¼ 19 57.58

(12.16)
n ¼ 14
52.86 (10.35)

n ¼ 8 59.75
(12.90)

�2.71
(�6.01,0.58)

0.098 �0.255 �2.25
(�6.44,1.94)

0.244 �0.16

BRIEF MI 56.79 (8.90) 55.71 (11.76) 56.5 (11.95) �1.29
(�5.48,2.91)

0.52 �0.116 �0.63
(�4.17,2.92)

0.689 �0.05

BRIEF GEC 57.53 (10.01) 54.79 (11.14) 58.13 (12.71) �2.07
(�6.08,1.94)

0.29 �0.194 �1.38
(�5.24,2.49)

0.428 �0.11

Secondary outcome measures (impairment) e Anxiety (T-scores)
SPENCE anxiety -child n ¼ 18 n ¼ 17 n ¼ 8 �1.53

(�4.05,0.99)
0.21 �0.173 0.63 (�8.28,9.53) 0.87 �0.12

SPENCE anxiety -parent n ¼ 18 n ¼ 16 n ¼ 7 �0.86
(�3.63,1.88)

0.51 �0.046 �1 (�4.66,2.66) 0.53 �0.07

Secondary outcome measures (Personal factors) e Self-Efficacy
SEG-P (range 0e10) n ¼ 18 6.26

(1.58)
n ¼ 17 7.31
(1.43)

n ¼ 8 7.80
(1.07)

0.97 (0.47,1.47) 0.001* 0.635 1.37 (0.83,1.91) 0.001* 1.29**

Secondary outcome measures (Quality of Life)
EQ-5D-Y/3L/5L n ¼ 16 n ¼ 18 n ¼ 9 �0.01

(�0.08,0.05)
0.70 �0.114 0.12 (0.03,0.22) 0.018* 1.40**

EQ-5D-Y/3L/5L VAS n ¼ 16 n ¼ 18 n ¼ 9 5.47
(�1.45,12.38)

0.11 0.341 5.13
(�12.12,22.37)

0.51 0.36

* denotes significant change | ** denotes large effect size.
Mean differences greater than 0 are improvements and less than 0 indicate worsening of outcomes.
Abbreviations: ABAS-II: Adaptive Behavior Assessment Scale; AMPS-m: Assessment of Motor and Process Skills e motor scale; AMPS-p: Assessment of Motor and Process
Skills e process skills; BRIEF: Behavioural Rating Inventory of Executive Function; BFMDRS-M: Burke-Fahn-Marsden Dsytonia Rating Scale e Movement scale; BFMDRS-D:
Burke-Fahn-Marsden Dystonia Rating Scale e Disability scale; COPM-P: Canadian Occupational Performance Measure e Performance scale; COPM-S: Canadian Occupa-
tional Performance Measure e Satisfaction scale; GAS: EQ-5D-Y/3L/5L (VAS): European Quality of life-5 dimensions (Visual analogue scale); Goal Attainment Scale; PEDI-CAT:
Pediatric Evaluation Disability Inventory e Computerised Assessment Tool; PQRS-i: Performance Quality Rating Scale - Individualized; SEG-P: Self-efficacy Gauge-Paediatrics.
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3. Results

3.1. Phenotype characteristics (see Table 1)

The average age of the participants was 14 years and 5 months
(SD 3 years, 6 months, range 8years 6 months e 19 years 4 months)
with 8/14males/females (36%/64%). The largest group was acquired
dystonia e dyskinetic cerebral palsy (n ¼ 9, 41%), followed by
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inherited dystonia (n ¼ 7, 32%), and equal numbers of idiopathic
and non-CP cases (n ¼ 3, 14% in each group). DBS implant duration
varied from 1 month to 4 years at the start of CO-OP intervention
(mean ¼ 22.3 months, SD ¼ 18.89), with 12 (57%) having DBS
duration of more than 1 year. Participant characteristics at baseline
are provided in Table 1. All had a diagnosis under the umbrella term
of childhood-onset HMD, with varied aetiology including acquired
dystonia (n ¼ 12, 55%) with almost half of the sample with a
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diagnosis of dyskinetic CP (n ¼ 9, 41%) and the rest diagnosed with
idiopathic or inherited dystonia (n ¼ 8, 36%). The majority of par-
ticipants had GMFCS levels I-II and half of the sample had MACS II.
The most severe MACS level (MACS IV) were predominately in the
dyskinetic CP group (4 out of 5 participants with MACS IV). Dys-
toniawas a feature present in all participants whilst over half of the
sample (n ¼ 12, 55%) of participants also had other HMD as well as
dystonia including four participants with myoclonus; and both
dystonia and choreoathetosis present in another seven
participants.

Change scores (estimation of effect size) (See Table 3).
Changes for the primary and secondary outcomes measures

across the domains of the ICF are shown in Table 3 for two periods:
(i) before and after CO-OP intervention (for both studies) and (ii)
before and after 3 months follow-up (Study 1). Both mean differ-
ences and standardized effect sizes (Cohen's d) are shown for each
measure. Significant improvements following CO-OP, both at post-
and follow-up times with large effect sizes (Cohen size >0.8) were
found at both time points for the PQRS-i (trained and untrained
goals), COPM-P/S and self-efficacy. Large effects were also noted at
follow-up timepoint for mean quality of life.

At activity level of the ICF, the AMPS, used in series 1, motor scale
scores showed significant change at 3 months follow-up (change
>0.30 logits from baseline scores) with medium effect size. No
change was observed AMPS process scores. Other secondary
outcome measures primarily showed no significant change (see
Table 3) with the exception of the social domain of PEDI-CAT
reaching significance at the 3 months follow-up, and perceived
changes in self-efficacy at 3 months follow-up).

At the body function level of the ICF, motor impairment changes
as measured by the BFMDRS did not reach significance; except for
the disability score, which reached significance at the 3 months
follow-up. There was no change to other non-motor impairments
measured across the three time points including executive function
or anxiety.

3.2. Feasibility

Althoughwe attempted tomeasure the degree of choreoathetosis
using the Dyskinesia Impairment Scale (DIS) [18] and myoclonus
with the Unified Myoclonus Rating Scale (UMRS) [24], it was not
practical in terms of time, measure burden or space (all assessments
were completed in participant's home) to carry out these impair-
ment based measures. Further, participants did not accept the use of
these measures. Experience during initial Patient and Public
Involvement (PPI) and during Study 1 led to decisions to discontinue
four measures either considered or specified in the original protocol.
These had been included because of their use in other descriptive
studies with this population or as outcome measures in other
interventional studies. The discontinued measures include (i)
dyskinesia impairment scale (DIS) [18], (ii) assessment of motor and
process skills (AMPS) [13], (iii) hypertonia assessment tool (HTA)
[25], and (iv) goal attainment scale (GAS) [26] and reasons further
discussed on supplementary information (SI-1).

4. Discussion

The results reported here are promising on two grounds. Firstly,
the results obtained with the blind rated repeated measures of
individualized goals at participation levels (PQRS-i) [6,7] are also
replicated with patient reported measures exploring the perceived
changes in performance and satisfaction (COPM) and self-efficacy,
all with large effect sizes following treatment. Furthermore,
changes in quality of life were noted at 3 months follow-up. This
was possible despite no objectivelymeasured changes inmotor and
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non-motor impairments and across the sample of heterogeneous
participants. The findings confirm an important tenant of the ICF
that the relationship between body structures and function, activ-
ity, and participation is not linear and not unidirectional. Therefore,
further questioning long held assumptions about a hierarchical
view to skill acquisition and participation. Secondly, the outcome
measures that showed most significant change are feasible and
practical to be used in large-scale trials with low burden and
meaningful outcomes for participants.

Of the three primary outcome measures (PQRS-i and COPM)
were feasible and acceptable to participants in the study. Further,
they were sensitive to change following intervention. One of the
primary outcome measures (AMPS) was discontinued in Study 2
following advice from participants and analysis of data. The other
discontinued outcome measures included the DIS, HAT, and GAS
and reasons outlined in SI-2. The validity and reliability of the
COPM has been reported across several populations [27,28] and a
change of 2 points is considered clinically significant [29]. In the
present study the inter-rater reliability of the PQRS-i was calculated
for 48% of the goals for participants in Study 1. The same raters were
used for Study 2. Interclass Correlation Coefficients (ICC) was 0.947,
representing excellent reliability.

The nature of these self-selected goal-rating scales allows for an
individualized approach to measurement on interventions such as
CO-OP. Therefore, there are a heterogeneous group of goals for
intervention that allow for a homogeneous interpretation of the
outcome. There are relative merits in using these two comple-
mentary measures of objective versus subjective report of goal
improvement. Objective measure of change is important to ensure
unbiased, blinded rating of performance. Whilst self-report may be
considered biased and based on expectancy effects, especially in
un-blinded studies such as it is reported here, it can be argued that
even small objective changes may be perceived as personally sig-
nificant and valued by participants. As such, it could well be that
patient-reportedmeasures, such as the COPM, aremore sensitive to
capture small changes that are meaningful to children and young
people. A third primary outcome measure, the AMPS, an objective
assessment of activities of daily living that uses Rasch-methodology
was used in Study 1 but discontinued after Study 1. Reasons for
discontinuing this outcome measure are outlined in Supplemen-
tary Information (SI)-1.

In the absence of evidence for rehabilitation outcome measures
in childhood-onset HMD including dystonia, the present report
provides details of summary (group) changes across a range of
outcome measures widely used in other groups, and other mea-
sures that my potentially be of value. The exploratory analyses
sought to identification the most appropriate and reliable outcome
measures for use in future trials in this group.

There are a number of significant limitations to be acknowl-
edged starting with some missing data for some of the secondary
outcomes. Most of the missing data relate to questionnaires not
returned or not fully completed as carers reported difficulty
answering the questions. Even though this is an important limita-
tion is also part of feasibility and will help inform a full-scale trial.
Therewere nomissing data for COPM or self-efficacy questionnaire.
Group analysis caveats apply to these results with averages of
performance presented in a group that is highly heterogeneous and
with performance highly variable within the same time period.
Even when dyskinetic CP are included and are the biggest group,
the heterogeneity makes drawing conclusions even more difficult.
Whilst group analysis of heterogeneous samples may not tell us
about how individuals respond, we have addressed the heteroge-
neity issue directedly in the two stand-alone SCED studies previ-
ously reported. Further, most of the outcome measures used here
have not yet been validated with childhood-onset HMD.
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Despite these limitations and considering there is no other
rehabilitation study yet available, we believe the results are of in-
terest so that future trials can be planned. More generally, outcome
measures need to reflect a range of different levels of treatment
effect, including impairment, basic and instrumental activities of
daily living and participation in socially and age appropriate ac-
tivities. The challenge posed is howwell these levels can be reliably
assessed in childhood dystonia. A group of dystonia experts
recently made recommendations for the need to use different
methodologies and urged for new treatment trials to be imple-
mented in childhood-dystonia [30]. With dyskinetic CP being one
of the largest diagnostic groups in childhood-onset HMD, it would
be common to apply general guidelines and recommendations
currently available for CP. The NICE spasticity guidelines includes
dystonia and recommendations about research required in relation
to unmet areas of need [31]. However, these guidelines do not
include any interventional study with dystonic CP populations.
Similarly, implementation of the recently published core sets of
outcome measures across ICF is challenging and should be sys-
tematically evaluated as they are based on spastic CP [32,33]. An
example, it is the recommendation to use AMPS [13] as a core
outcome measure for CP [34] and the best measure available to
evaluate activities of daily living (ADL) [35]. This is a recommen-
dation based on small numbers of spastic CP [36] and with only
intra-rater reliability completed in one study that reports all trial
results scored by one calibrated therapist who also completed the
assessments [37]. Therefore results need to be generalized with
caution, particularly to non-spastic forms of CP. Test-retest of the
AMPS in unilateral CP has been studied [37] using the same two
tasks at each time point but only one rater (not-blinded) was used.
The results of the study presented here show that the stability of
the AMPS might require further study as significant change was
obtained in the absence of intervention when assessment was
completed 1 week apart and using different tasks. Our results are in
line with that study when the same tasks are chosen. However,
with AMPS being an assessment that uses Rasch methodology, the
task hierarchy should help with consistency of performance at two
different assessment points. This was not the case in our study and
therefore the use of AMPS as primary outcome measure for study 2
was discontinued and its further use is questioned.

Whilst COPM has been used to measure outcome following
pharmacological and surgical interventions in HMD including
dystonia [38e40], the use of adaptive behavioural skills assess-
ments such as the ABAS or the PEDI-CAT have not been widely
reported in this population. In our study, the results show no sig-
nificant change of skills following intervention. This could be due to
the nature of the assessment not capturing change but also the
reported difficulty for parents to complete the assessments when
performance is so variable (i.e., sometimes they can do it and
sometimes they cannot do it).

In regards to dystonia measurement, there have been recom-
mendations for studies to quantify dystonia severity [41]. There is
however more than one dystonia rating scale available [42]. The
Barry-Albright Dystonia rating Scale (BADS) [43] has been used in
some dyskinetic CP trials [44]. However, the BFMDRS [14] is the
most commonly used as a primary outcome for interventional
studies in children and adults with dystonia, particularly to gauge
the efficacy of neurosurgical interventions such as DBS [45]. Whilst
the BFMDRS was initially developed to be used with adults with
primary dystonia the use in childhood onset HMD and particularly
in acquired dystonia has been challenged as it might fail to capture
changes in other domains [38,39]. Some of the limitations of using
this tool have been reported in terms of inter-rater reliability and its
application to childhood dystonia [46]. On a large study (n¼ 161) of
childhood-onset HMD, including idiopathic, inherited and acquired
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(primary and secondary) dystonias, a linear relationship was found
between GMFCS levels and BFMDRS results, showing almost equal
blocks between different functional levels and aiding researchers
and clinicians in interpreting results of BFMDRS based on an
internationally known paediatric classification scale. In the same
study, the MACS was used showing that the relationship with the
BFMDRS did not show a linear relationship indicating that other
factors such as cognition and executive function may play a role
[47]. The GMFCS and the MACS have been studied in relation with
mobility and activities of daily living (ADL) outcomes showing that
the GMFCS has a strong relationship with mobility outcomes and
the MACS shows a stronger relationship with ADLs [48,49].

The non-motor components of HMD including dystonia cannot be
overlooked. Hence our attempt to use somemeasures as exploratory
measures to inform future trials. Anxiety and executive function dif-
ficulties were found to be a prominent feature in n¼ 12/18 and 17/18
(67%/90%) respectively of the sample at baseline. Anxiety levels were
not changed at post- or follow-up even though performance and skill
improvement was noted, indicating that skill improvement and skill
acquisition is possibly independentof the impairment (motoror non-
motor) and that addressing these impairments might not be neces-
sarily the priority when learning new skills. The same is true for as-
pects of cognition such as executive function.

In conclusion, this trial as a whole and each separate SCED trial
and the secondary within-subject study reported here show that
CO-OP is a feasible treatment in childhood-onset HMD including
dystonia. Significant changes and large effect sizes were seen on
activity and participation levels, as well as personal level (self-ef-
ficacy) despite no changes observed at the body function level.
These measures are warranted to be explored further in a full-scale
trial.

Measurement of rehabilitation intervention outcomes across
different domains of the ICF is vital. The use of outcome measures
sensitive enough to capture change and the use of the right
methodology to handle the variability and homogeneity of this
group of children and young people are challenges to consider for
future research. The challenges of establishing intervention pro-
grams for childhood-onset HMD including dystonia relate amongst
other factors to the highly heterogeneity nature of the condition,
the lack of validated outcome measures available for HMD
including dystonia, and variability in performance within the same
given day that characterizes this group of children and young
people.
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