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AIM To investigate the responsiveness of the ACTIVLIM-CP questionnaire after two evidence-
based interventions for children with cerebral palsy (CP).
METHOD Seventy-five children with CP either participated in an intensive motor-skill learning

intervention (hand-arm bimanual intensive therapy including lower extremities [HABIT-ILE],

ABBREVIATIONS

HABIT-ILE  Hand-arm bimanual intensive
therapy including lower
extremities

PEDI Pediatric Evaluation of
Disability Inventory

n=47) or received botulinum neurotoxin-A (BoNT-A) injection(s) into lower extremities
combined with conventional physical therapy (n=28). All children were assessed three times:
at baseline (Ty; before HABIT-ILE/the day of BoNT-A injection), at T; (last day of HABIT-ILE/
6wks after BONT-A injection), and at follow-up (T,; 3-4mo after the beginning of
intervention). Parents completed ACTIVLIM-CP and three other activity questionnaires.
Responsiveness was analysed using group (based on intervention), subgroup (based on
gross motor function level), and individual approaches.

RESULTS For the HABIT-ILE group, significant improvements in ACTIVLIM-CP were observed
for the To—T; period (p<0.001) but not for the T;—T, period. No significant changes were
found in the BoNT-A group during assessments (p=0.84). In the subgroup analysis for the
HABIT-ILE group (To—T,), greater changes were demonstrated for children in Gross Motor
Function Classification System levels Il and IV (p<0.001, effect size=1.36). The individual
approach was congruent with the group approach.

INTERPRETATION ACTIVLIM-CP demonstrated high responsiveness after HABIT-ILE, showing
that this scale may be used to investigate global activity performance in clinical trials
focusing on improving daily life activities.

Cerebral palsy (CP) is characterized by a disorder of move-
ments, posture, and motor functions, which frequently
reduces performance in daily life activities." A child’s perfor-
mance in daily living is defined by the International Classifi-
cation of Functioning, Disability and Health as ‘what a child
actually does in its usual environment’.? This is a latent vari-
able, not measurable directly in the clinic, which can be
inferred from the child’s difficulty in performing activities
perceived by individuals through questionnaires.’ In paedi-
atrics, parents’ perceptions are commonly relied upon, as
parents are better able to discriminate different levels of
functioning than their children, who have a more dichoto-
mous perception.” Questionnaires measuring children’s per-
formances have not been, to date, specific to children with
CP (Pediatric Evaluation of Disability Inventory [PEDI],’
Activity Scale for Kids)® or they were developed to sepa-
rately capture activities related to either upper extremities
(ABILHAND—Kids,4 Children’s Hand Use Questionnaire,’
Children’s Arm Rehabilitation Measure)® or

lower
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extremities (ABILOCO-Kids)? but not the combination of
both. As activities of daily living require the use of both
upper extremities and lower extremities in a combined way
(e.g. climbing a ladder, opening a fridge), the ACTIVLIM-
CP questionnaire was Rasch-developed to capture the
child’s performance in activities of daily living involving the
whole body.'® Although its validity and reliability have been
demonstrated, the responsiveness of the ACTIVLIM-CP,
namely its sensitivity to change, remains unknown.

Testing responsiveness requires investigating the capac-
ity of a tool to detect changes after intervention(s) whose
efficacy has been demonstrated. A recent systematic review
on the effect of therapeutic interventions in children with
CP demonstrated that motor-skill learning-based interven-
tions were efficient for improving activities of daily liv-
ing.'! In addition, although the level of evidence was only
moderate, injection with botulinum neurotoxin-A (BoNT-
A) combined with physiotherapy was recommended for
lower extremity functioning aiming to improve walking. In
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Belgium and France, this intervention represents the most
current treatment for improving lower extremity function-
ing in children with CP.

The aim of this study was twofold. First, it investigated
the responsiveness of ACTIVLIM-CP in two evidence-
based therapeutic interventions: a motor-skill learning-
intensive intervention targeting upper extremities and
lower extremities (hand-arm bimanual intensive therapy
including lower extremities [HABIT-ILE])"? and BoNT-A
injection into lower extremities combined with conven-
tional physiotherapy.'’ Second, it determined whether the
responsiveness of ACTIVLIM-CP differs according to
baseline gross motor function level.

On the basis of previous observations of improvements
in upper and lower extremity activities quantified with
ABILHAND-Kids, ABILOCO-Kids, the PEDI self-care
subscale after HABIT-ILE,">'* and strong correlations
observed between ACTIVLIM-CP and these question-
naires,'® we hypothesized that HABIT-ILE would have a
moderate to large effect on global activity performance, as
measured by ACTIVLIM-CP. Although the effect of
BoNT-A injection into lower extremities is well docu-
mented to improve motor outcomes related to body func-
tions and structures (such as spasticity), its effect on motor
activities (such as walking) is still debated.'' Therefore, we
expected smaller changes in this group.

METHOD
Participants
This study included 87 children with CP (Table I). Fifty
children with CP (mean age [SD] 10y 3mo [3y 6mo]) partic-
ipated in a HABIT-ILE intervention (2013-2016) at the
Université catholique de Louvain (Belgium). Thirty-seven
children with CP (mean age [SD] 8y 7mo [4y 3mo]) were
recruited by their physician to participate in this study while
receiving BON'T-A injection(s) into lower extremities as part
of their usual care at the University Hospital of Brest
(France, #=24) or at the Clinique Saint-Luc (Belgium,
n=13). Parents of children gave their written informed con-
sent and filled in the questionnaires. Ethical approval was
provided by the review boards of the respective institutions.
Inclusion criteria were (1) a diagnosis of CP, (2) levels I to
IV of the Gross Motor Function Classification System
(GMECS), and (3) fulfilled assessment time T and 7. Addi-
tional criteria for the HABIT-ILE group were age 6 to 18
years, being motivated by the intervention, no uncontrolled
seizure, and no BoNT-A injection or surgery within the 6-
month period preceding or the 3-month period after base-
line. Children in the BoNT-A group received BoNT-A
injection(s) into lower extremities to improve function.
They did not receive intensive therapy within the 6-month
period preceding or the 3-month period after baseline.

Interventions

HABIT-ILE group

HABIT-ILE intervention occurred over 2 weeks, ranging
from 84 hours (children with bilateral CP) to 90 hours
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What this paper adds

® Good responsiveness of ACTIVLIM-CP questionnaire during intensive motor-
skill learning intervention.

® Higher responsiveness for children in Gross Motor Function Classification
System (GMFCS) levels Ill and IV versus | and Il after intensive intervention.

e ACTIVLIM-CP is useful to identify children improving their performance after
botulinum neurotoxin-A injection.

(children with wunilateral CP) of therapy. HABIT-ILE
includes structured bimanual activities that systematically
engage postural control and lower extremity function.'?
The therapy is based on motor-skill learning principles
using (1) a structured practice depending on the child’s
performance with repetition of movements and a progres-
sive increase in task complexity, (2) a voluntary control of
movements, and (3) verbal feedback to maintain engage-
ment during therapy. The intervention is focused on func-
tional goals, uses games, and is performed in a group
setting with trained supervisors, including at least one
interventionist per child. During the follow-up period,
children received their usual conventional physiotherapy
for zero to five sessions a week (mean [SD] 1.90 [1.29] ses-
sions a week).

BoNT-A group

Children received intramuscular BONT-A injection(s) into
at least one lower-limb muscle, combined with conven-
tional physiotherapy. Before injection(s), children were
assessed by their paediatricians to determine which lower-
limb muscle(s) to target, dosage by injection site, and type
of BoNT-A (dosage/company and standard guidelines
details are given in Appendix S1, online supporting infor-
mation). Children were discharged on the day of injection
(s). Children received their usual conventional physiother-
apy for zero to five sessions a week (mean [SD] 2.10 [0.98]
sessions a week).

Outcome measurements

Two periods were investigated: the intervention period
(Ty-T}), when change in global activity performance was
expected, and the follow-up period (77-73), when global
activity performance was expected to remain stable. All
children were assessed three times: at baseline (7)) (before
HABIT-ILE treatment [mean {SD} 30.25d {25.32}]/the
day of BoNT-A injection); at the time where changes were
expected (77) (after 2wks of HABIT-ILE treatment [mean
{SD} 16.4d {3.9}]/6wks after BoNT-A injection [mean
{SD} 45.79d {12.84}]); and at follow-up (73) (3—4mo after
the first day of HABIT-ILE treatment [mean {SD}
131.07d {36.67}]/3—4mo after the day of BoNT-A injec-
tion [mean {SD} 106.36d {27.97}]).

All children were classified using the GMFCS'® and the
Manual Ability Classification System.'® They were all
assessed with the ACTIVLIM-CP,’ a 43-item question-
naire measuring global activity performance developed
specifically for children with CP, aged 2 to 18 years. The
parents were asked to provide their perception of the
child’s difficulty in achieving ACTIVLIM-CP activities



Table I: Sample characteristics

HABIT-ILE group

Comparison between
groups (analysed)

BoNT-A group

Included (n=50) Analysed (n=47) Included (n=37) Analysed (n=28)
Mean age (SD), y:mo 10:4 (3:6) 10:4 (3:6) 8:6 (4:4) 8:5 (4:5) p=0.06°
Sex (females: males) 24:26 22:25 19:18 14:14 p=0.82°
CP type Interaction group xCP type
Unilateral 29 28 18 14 } p=0.48°
Bilateral 21 19 19 14
GMFCS level Interaction group xlevel
[ 18 18 6 5 }
1] 12 9 21 18
1T 15 15 7 5 p=0.04°
[\ 5 5 3 0 }
\Y 0 0 0 0
MACS level Interaction group xlevel
| 6 6 15 13 }
I 31 28 13 1 p=0.26"
1l 12 12 8 3
\% 1 1 1 1
\Y 0 0 0 0
Global activity performance (baseline) Comparison between
groups (analysed)
ACTIVLIM-CP
Mean (SD) logits 1.65 (1.55) 1.568 (1.58) 1.96 (1.74) 2.08 (1.80) p=0.217

attest, PFisher’s exact test. HABIT-ILE, hand-arm bimanual intensive therapy including lower extremities; BONT-A, botulinum neurotoxin-A;
CP, cerebral palsy; GMFCS, Gross Motor Function Classification System; MACS, Manual Ability Classification System.

when completed without technical or human assistance on
a three-level scale (impossible/difficult/easy). Activities that
were unfamiliar or not performed in the previous 3 months
were considered as missing responses (5%—-7% of the data).
ACTIVLIM-CP was developed with the Rasch model,
allowing the total score to be transformed into a linear
activity measure expressed in logits (see the conversion in
the bottom panel of Fig. 1). In addition, all children were
assessed with the PEDI’ (self-care subscale, raw scores),
and children older than 6 years were assessed using ABIL-
HAND-Kids* (logits) and ABILOCO-Kids’ (logits).

Sample size

Sample size calculations were performed on the basis of
ABILHAND-Kids measures derived from an earlier
HABIT-ILE study.”” A mean (SD) improvement of 1.81
(1.55) logits after HABIT-ILE was reported. A minimum
of 10 participants per group was required to achieve a
power of 90% with alpha set at 0.05. Considering the
potential drop-outs, a minimum of 12 participants was
foreseen for each subgroup.

Statistical analysis

The responsiveness of ACTIVLIM-CP was investigated
using group, subgroup, and individual approaches. We
documented changes for the three other questionnaires
using solely the group and subgroup analyses.

The group approach, based on intervention, used a sta-
tistical comparison with a one-way repeated measures anal-
ysis of variance (ANOVA) for interval-level measures
showing normality and homoscedasticity, or a Friedman
repeated measures ANOVA on ranks for ordinal raw scores
or interval-level measures violating normality and

homoscedasticity. Post hoc tests were used to identify dif-
ferences between assessment times (Holm-Sidik for
repeated measures ANOVA, Tukey for Friedman analysis).

The subgroup approach, based on GMFCS levels, was
conducted to determine whether a subgroup would show
higher responsiveness. On the basis of the hypothesis that
the trunk control and walking functioning have an impact
on global activity performance, two subgroups were inves-
tigated: GMFCS levels I and II versus GMFCS levels 111
and IV. A repeated measures ANOVA or Friedman and
post hoc tests (same assumptions as for the group
approach) were used to detect changes between assess-
ments in each subgroup. In addition, both for group and
for subgroup approaches, the effect size was used to char-
acterize the amount of change between assessments. Effect
size was obtained by dividing the mean change in scores
by the standard deviation of the change in score and was
interpreted using Cohen’s benchmarks: small (0.2), moder-
ate (0.5), or large (0.8)."7

Finally, as some changes that have a meaning in groups
may be not meaningful at an individual level, we used an
individual approach with 7 values to track changes in each
child for the intervention period. The # value was calcu-
lated as'® (PT,—PT)WSET*+SET,?), where PT, and
PTy correspond to the child’s performance at Ty and 77,
and SET, and SET| are the associated standard errors of
measurement. This 7 value indicates whether the change
observed for a given child between two assessment times
reflects more than fluctuation of the instrument.'® After
individual calculation of the ¢ value, children were divided
into five classes of clinical significance: significant decrease
(t<—1.96), decrease (—1.96<1<0), no change (+=0), increase
(0>>1.96), and significant increase (£>1.96).

Responsiveness of ACTIVLIM-CP Questionnaire Julie Paradis et al. 3



Expected score
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Total score
N
o
1

-6 54 -3-2-10 1 2 3 4 5 6
Global activity performance measure (logits)

Clipping own toenails

Peeling a potato with a peeler

Wrapping a present

Unbuttoning a shirt/a cardigan

Rolling up the sleeves of a sweater
Zipping up a pair of trousers

Zipping up an outdoor jacket

Playing with both hands while standing
Putting on socks

Hanging clothes on a washing line
Washing own upper body (correctly)
Dressing up own upper body

Putting back plates in a cupboard

Turning a key in a lock

Climbing on a small ladder

Manoeuvring an electric wheelchair
Putting back a pair of trousers after having used the toilet
Turning ownself in a confined space
Spreading toothpaste on a toothbrush
Lifting a grocery bag (1kg)

The child is completely independent in toilet activity
Spinning off a bottle cap

Remove the cap of a toothpaste tube
Riding a tricycle

Brushing/Combing own hair

Opening a car door

Unwrapping a candy

Standing up from the toilet

Brushing own teeth

Walking with a k-walker or a walking frame
Remove an open outdoor jacket

Closing velcro fasteners shoes

Taking coins out from a pocket

Opening and closing a tap

Putting on a cap

Wiping own nose

Opening and closing a fridge

Rolling a die

Piercing meat and using a fork to bring it to the mouth
Eating a sandwich/slice of bread

Taking a spoon with mashed potatoes and bring it to the mouth
Switching on/off a light button

Taking off a hat/a cap

Impossible
mmmm Difficult
— Easy

Figure 1: Top: expected response to each item related to the activities measure. The activities are sorted, from top to bottom, by decreasing difficulty.

Average activity difficulty is conventionally set at 0 logits. The grey dotted line represents the ACTIVLIM-CP mean score at Ty (1.58 logits) and the solid
grey line represents the ACTIVLIM-CP mean score at T; (2.32 logits) for the HABIT-ILE group. For the BoNT-A group, the dark grey dotted line (mean
score at Ty: 2.08 logits) and the dark grey solid line (mean score at 7;: 2.16 logits) are merged in the figure because of the very small difference.

Bottom: relationship between total raw score and linear activity measure, allowing conversion from one to the other. Total score ranges from 0 to 86

because each of the 43 items could be scored as 0, 1, or 2.

Finally, correlations between changes in ACTIVLIM-
CP and the other questionnaires were investigated (Pear-
son correlations with ABILHAND-Kids and ABILOCO-
Kids; Spearman’s correlations with the PEDI; results are
given in Appendix SI).
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RESULTS

Among the 87 children initially included, 12 (HABIT-ILE:
n=3; BoNT-A: n=9) were dropped from the study at T}
because they did not fill in the ACTIVLIM-CP question-
(Table I). No significant in the

naire difference



Table II: Responsiveness analysis using a group approach based on intervention

Post hoc
analysis
(Tukey or
Holm-Sidak)  Effect size
RM-ANOVA or Friedman
To mean (SD) T, mean (SD) T, mean (SD) Main effect To-T1 Ti-T, To-T,y T4-T,
HABIT-ILE group
ACTIVLIM-CP (n=47) (logits) 1.58 (1.58) 2.32 (1.45) 2.47 (1.33)  4%=21.35, p<0.001? sP NSP  0.96° 0.06
ABILHAND-Kids (n=45) (logits)  1.55 (2.01) 2.73 (1.88) 2.83 (2.09) F=31.30, p<0.001 S NS 1.00° 0.13
PEDI (n=47) (raw score) 46.70 (11.92)  52.60 (10.47) 53.58 (10.94)  #°=37.66, p<0.001? s NS®  1.16° 0.1
ABILOCO-Kids (n=45) (logits) 0.67 (3.93) 1.57 (3.94) 154 (3.81)  4?>=13.75, p=0.001° sP NS®  0.63¢ 0.19
BoNT-A group
ACTIVLIM-CP (n=28) (logits) 2.08 (1.80) 2.16 (1.94) 2.46 (1.79) F=0.18, p=0.84 0.11  -0.12
ABILHAND-Kids (n=20) (logits)  3.08 (2.41) 3.30 (2.23) 3.76 (2.16) F=0.11, p=0.90 —0.03 0.38
PEDI (n=28) (raw score) 46.89 (13.07)  47.00 (14.82)  49.22 (12.90)  #?=0.79, p=0.672° —0.08  0.10
ABILOCO-Kids (n=20) (logits) 1.38 (1.72) 2.14 (2.49) 2.65 (2.01) F=2.68, p=0.08 0.35° 0.18

3For Friedman analysis. °For Tukey post hoc test analysis. For effect size: large (0.8); 9moderate (0.5); ®small (0.2). Results of post hoc test:
S, significant; NS, not significant. T, testing session; RM-ANOVA, repeated measures analysis of variance; HABIT-ILE, hand-arm bimanual
intensive therapy including lower extremities; PEDI, Pediatric Evaluation of Disability Inventory; BoNT-A, botulinum neurotoxin-A.

ACTIVLIM-CP scores was observed at baseline between
groups (Mann-Whitney test, p=0.31).

Group approach

Table II presents the results of the group approach based
on intervention. For the HABIT-ILE group, children
showed a significant improvement in global activity perfor-
mance in the intervention period but not in the follow-up
period. On average, children showed improvements in glo-
bal activity performance of 0.74 logits between Ty and T3.
According to the item map ordering items from the most
difficult to the easiest item (Fig. 1), at T, the children of
our sample would, on average (1.58 logits), not be able to
achieve the two most difficult items, be able to perform
with difficulty the six following items, and easily achieve
the remaining 35 items. After the HABIT-ILE interven-
tion (7}), they would, on average (2.32 logits), be able to
perform the 43 activities, with some difficulty for the three
most difficult items, and easily for the other 40 (Fig. 1).
For the BoNT-A group, indices highlighted no significant
improvement at both assessment periods. On average, glo-
bal activity performance improved (0.08 logits) between 7
and 7). Theoretically, this does not represent a change in
the probability of passing from the category ‘difficult’ to
‘easy’ or from ‘impossible’ to ‘difficult’ in the ACTIVLIM-
CP items (Fig. 1).

For the three other questionnaires, in the HABIT-ILE
group, children showed significant improvements for the
intervention period but not for the follow-up period. For
the intervention period, effect size showed a large effect
for ABILHAND-Kids and the PEDI, and a moderate
effect for ABILOCO-Kids. For the BoNT-A group, chil-
dren did not show significant improvements with any ques-
tionnaire for both assessment periods. This was confirmed
by effect size, with non-significant changes for ABIL-
HAND-Kids and the PEDI but a small magnitude of
change for ABILOCO-Kids (7-77).

Subgroup approach

For the HABIT-ILE group, in the intervention period,
children’s global activity performance significantly
improved in the subgroup GMFCS levels III and IV while
a tendency for improvement was observed in the subgroup
GMECS levels I and II (Table III). This was confirmed by
effect size, which was characterized as moderate in the sub-
group GMFCS levels I and II and large in the subgroup
GMEFCS levels III and IV. For the BONT-A group, no sig-
nificant difference in ACTIVLIM-CP scores during assess-
ments was observed for either subgroup. This observation
is congruent with the small effect size in the subgroup
GMECS levels I and II and no significant effect size for
the subgroup GMFCS levels III and IV for the interven-
tion period. During follow-up, only the subgroup GMFCS
levels III and IV presented a significant effect size.

For the three other questionnaires, in the HABIT-ILE
group, both subgroups showed significant improvements
during the intervention period. Effect size was described as
large with ABILHAND-Kids in both subgroups; large with
the PEDI for the subgroup GMFCS levels I and II and
moderate for the subgroup GMFCS levels III and IV; and
small with the ABILOCO-Kids in both subgroups. For the
BoNT-A group, no significant changes during assessments
were highlighted with the three other questionnaires for
either subgroup. This lack of significant change was con-
firmed in both subgroups by a non-significant effect size
for ABILHAND-Kids and the PEDI, and a small effect
size for ABILOCO-Kids, during the intervention period.
During follow-up, only the subgroup GMFCS levels III
and IV presented a significant effect size for ABILHAND-
Kids and ABILOCO-Kids.

Individual approach

For the HABIT-ILE group, 39% of the children showed
significant increase (:<—1.96), 41% showed increase
(0>>1.96), 4% did not change (=0), 16% tended to

Responsiveness of ACTIVLIM-CP Questionnaire Julie Paradis et al. 5



Table IlI:

Responsiveness analysis using a subgroup approach based on Gross Motor Function Classification System (GMFCS) levels

Post hoc
analysis
(Tukey or
Holm-Sidak) Effect size
RM-ANOVA or Friedman
To Mean (SD) T, Mean (SD) T, Mean (SD) Main effect To-T1 Ti-To To-T7 Ti-T,
HABIT-ILE group
GMFCS levels | and Il
ACTIVLIM-CP (n=27) (logits) 2.34 (1.36) 2.94 (1.11) 2.94 (1.10)  #°=5.18, p=0.07% sP NSP  0.73¢ 0
ABILHAND-Kids (n=26) (logits)  2.15 (1.80) 3.1 (1.71) 3.30 (1.88)  »?=21.25, p<0.001? s NS®  0.86° 0.19
PEDI (n=27) (raw score) 51.80 (8.09) 56.5 (6.20) 57.3 (6.21)  £?>=19.57, p<0.001° sb NS®  1.33° 0.02
ABILOCO-Kids (n=26) (logits) 3.43 (1.73) 4.19 (1.57) 4.06 (1.65)  F=8.93, p<0.001 S NS 0.47° 0.15
GMFCS levels lll and IV
ACTIVLIM-CP (n=20) (logits) 0.55 (1.24) 1.48 (1.44) 1.77 (1.36)  F=30.03, p<0.001 S NS 1.36° 0.15
ABILHAND-Kids (n=19) (logits)  0.42 (1.92) 1.81(2.22) 2.01(2.17)  F=16.88, p<0.001 S NS 1.07°  —0.04
PEDI (n=20) (raw score) 39.75 (12.88)  47.30 (12.70)  48.26 (13.87) £?>=18.01, p<0.001° s NS® 0599 0
ABILOCO-Kids (n=19) (logits) ~ —3.28 (2.36)  —2.40 (3.08)  —1.96 (3.03)  >=6.71, p=0.035° NS®  NSP  0.37°  0.09
BoNT-A group
GMEFCS levels | and Il
ACTIVLIM-CP (n=24) (logits) 2.09 (1.74) 2.22(1.96) 2.42 (1.81)  F=0.52, p=0.60 0.22° —0.21
ABILHAND-Kids (n=16) (logits)  3.48 (2.13) 3.41 (2.05) 3.98(1.93)  F=0.09, p=0.91 —0.06 0.34°
PEDI (n=24) (raw score) 47.74 (12.98)  47.13 (14.92)  49.15 (13.43) 4°=0.79, p=0.67° —0.10 0.14
ABILOCO-Kids (n=16) (logits) 2.13 (1.06) 2.63 (2.31) 2.84 (2.01)  F=0.94, p=0.40 0.29° -0.08
GMEFCS levels lll and IV
ACTIVLIM-CP (n=5) (logits) 2.07 (2.29) 1.84 (2.03) 2.69 (1.99)  F=0.34, p=0.72 -0.32 0.88°
ABILHAND-Kids (n=5) (logits) 1.91 (2.99) 1.93 (3.38) 2.84 (3.32)  F=0.06, p=0.94 —0.02 0.57¢
PEDI (n=5) (raw score) 46.16 (14.19)  46.40 (16.04)  49.67 (10.79) 4°=0.80, p=0.94° 0.06 —0.10
ABILOCO-Kids (n=5) (logits) —~1.70 (1.68)  —1.05 (3.72) 1.81(2.18)  F=2.11, p=0.20 0.21°  1.63°

aFor Friedman analysis. PFor Tukey post hoc test analysis. For effect size: ®large (0.8) “moderate (0.5); ®small (0.2). Results of post hoc test:
S, significant; NS, not significant. T, testing session; RM-ANOVA, repeated measures analysis of variance; HABIT-ILE, hand-arm bimanual

intensive therapy including lower extremities; PEDI, Pediatric Evaluation of Disability Inventory; BoNT-A, botulinum neurotoxin-A.

decrease (—1.96<¢<0), and no child showed significant
decrease (:<—1.96). For the BoNT-A group, no child
showed significant increase (1<—1.96), 54% showed
increase (0>>1.96), 3% showed no change (=0), 32%
showed a tendency towards decrease (—1.96<¢<0), and
11% showed significant decrease (t<—1.96).

DISCUSSION

This study investigated the responsiveness of the ACTIV-
LIM-CP using two evidence-based interventions. ACTIV-
LIM-CP showed good sensitivity to change after HABIT-
ILE intervention, while no significant change was observed
after BONT-A injection(s) into lower extremities combined
with conventional physiotherapy. After HABIT-ILE inter-
vention, larger changes were detected in children classified
in GMFCS levels IIT and IV.

At the group level, ACTIVLIM-CP demonstrated high
responsiveness after HABIT-ILE intervention. The
amount of change observed in this study with the ABIL-
HAND-Kids, PEDI, and the ABILOCO-Kids was similar
to previous observations.'*'* The amount of change
detected with ACTIVLIM-CP was equivalent to the
amount of change observed with ABILHAND-Kids, a cri-
terion standard upper extremity questionnaire shown to be
highly responsive after HABIT intervention.'” The PEDI
self-care subscale revealed significant changes as well.
ACTIVLIM-CP and ABILHAND-Kids were developed
with the Rasch model, which allows transformation of the
raw score into a linear measure and thus permits
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quantitative comparison whereas the PEDI questionnaire
uses the raw score. We did not use the PEDI-CAT Rasch-
developed version of the questionnaire because it was not
developed specifically with a sample of children with CP,*
although it was shown that difficulties with most manual
activities were diagnosis dependent.”! The raw score of the
PEDI questionnaire used in this study is a nonlinear unit
of measure that could mischaracterize the real changes
observed; therefore the effect size should be carefully con-
sidered. Changes observed with the ACTIVLIM-CP were
greater in magnitude than those observed with ABILOCO-
Kids. This could be explained by the target used in
HABIT-ILE, which is based on bimanual training com-
bined with postural/lower extremity engagement to
improve function in daily life activities but does not
directly target locomotion activities. Alternatively, this
could reflect a lower capacity of ABILOCO-Kids to detect
changes. Further studies are required to investigate the
responsiveness of ABILOCO-Kids.

After BoONT-A injection into lower extremities combined
with conventional physiotherapy, no changes were detected
with the ACTIVLIM-CP or other questionnaires. A possi-
ble explanation could be the primary effect of BoNT-A
injection, which reduces muscular overactivity and thus
relates to ‘body functions and structures’. Regarding activ-
ity level, the efficiency of BoNT-A injection into upper
extremities in association with a motor-skill learning, time-
limited, goal-directed, and context-focused intervention has
been demonstrated.!’ Although evidence-based guidelines



for BONT-A injection into lower extremities remain to be
established, some studies that provided goal-oriented phys-
iotherapy programmes have demonstrated effectiveness in
improving daily life activities.”*** Efficiency at the activity
level seems to be conditioned by the rehabilitation strate-
gies used, including the dosage of intervention and the
components of the practice. In the present study, physio-
therapy was delivered at a low-level intensity and mostly
based on neurodevelopmental approaches, which have been
described as not efficient at the activity level.'' Thus, we
hypothesize that the combination of BoNT-A injection
into lower extremities with conventional physiotherapy had
insufficient effect in the domain of activity to allow activity
questionnaires, including the ACTIVLIM-CP, to be sensi-
tive to change. Another possible explanation for the
absence of change could be that BoNT-A injection, in this
study, targeted only the lower extremities, while the
ACTIVLIM-CP is a more global measure. However, this
explanation is unlikely, because of the absence of signifi-
cant change as measured by ABILOCO-Kids, a question-
naire that focuses on lower extremity activity. These
results suggest that the ACTIVLIM-CP is a responsive
tool to be used after goal-directed motor-skill learning
intervention. Although questionnaires of functional activi-
ties should not be taken as a primary outcome if the treat-
ment targets ‘body functions and structures’, it may be
interesting to use them to study the impact of functions
and structures on activities and participation.

In the HABIT-ILE group, when children were considered
by the GMFCS subgroups, larger changes in global activity
performance were observed for those in GMFCS levels 111
and IV (children with bilateral CP) than those in GMFCS
levels I and II (mostly children with unilateral CP). This
could be explained by a greater potential for improvement in
children with significant motor impairment (GMFCS levels
III-IV). This hypothesis would be validated if all question-
naires showed systematically larger improvements in these
children. According to previous studies,'*'* the mean
change as measured with ABILHAND-Kids (manual ability)
was smaller in children with bilateral CP (1.00 logits) than in
those with unilateral CP (1.91 logit). Conversely, children
with bilateral CP had mean change of 2.20 logits with ABIL-
OCO-Kids, while children with unilateral CP had mean
change of 1.11 logits. This suggests that children with bilat-
eral CP do not improve globally more than children with
unilateral CP but present more improvements in lower
extremities and fewer in upper extremities. The trunk con-
trol needed to perform ACTIVLIM-CP items could be an
alternative explanation of higher changes detected after
HABIT-ILE for children in GMFCS levels III and IV.
ACTIVLIM-CP items are all characterized by trunk
engagement, under either static conditions (including sitting
or standing without steps [67%]) or dynamic conditions
(when the child must lean their trunk >45°, with/without
steps [33%]).' Trunk control is a key component in daily
life activities: upper extremities, lower extremities, and com-
bination activities.”* Although all children with CP may

encounter deficits in postural adjustment compared with
typically developing peers, children with bilateral CP were
observed to have more difficulty with trunk control.”’
Because ACTIVLIM-CP showed the highest effect size in
the subgroup of children in GMFCS levels III and IV, we
therefore hypothesize that trunk control, which is practised
in the HABIT-ILE intervention, improves more in these
children, as reflected in the corresponding component of the
ACTIVLIM-CP, which is sensitive to change.

Changes observed at the individual level were congruent
with results detected in the group approach. After HABIT-
ILE intervention, most of the children showed either sig-
nificant increase or increase; no child showed a significant
decrease. Some of these children showed a decrease in per-
formance; but their # values ranged from —0.004 to —0.60,
which is closer to 0 (no change) than —1.96 (decrease), with
only one outlier (#=—1.26). In contrast, after BoNT-A
intervention, no children showed a significant increase,
more than half of the children showed a non-significant
increase, and some showed either decrease or significant
decrease. With the group approach after BoONT-A injec-
tion, most children did not show improvement on the
ACTIVLIM-CP (or on the three other questionnaires). On
the contrary, it is interesting to note that, at the individual
level, some children showed an increase in their global
activity performance. Future research should investigate the
characteristics of such children to better target those who
are likely to functionally improve after that intervention.

Limitations and perspectives

As the lack of changes observed with ACTIVLIM-CP after
BoNT-A injection(s) into lower extremities might be
related to the associated conventional physiotherapy, it
would be interesting to investigate changes in daily life
activities when injection(s) are followed by intensive goal-
oriented motor-skill learning programmes.

In the BoNT-A group, the results of children in
GMECS levels III and IV should be interpreted cautiously
because of the low number of children included. Although
no significant improvement was observed for any of the
questionnaires used in this study after BONT-A interven-
tion, the low number of children with CP in GMFCS
levels III and IV is a limitation, particularly because
ACTIVLIM-CP responsiveness differed between gross
motor functional levels in the HABIT-ILE group. Com-
plementary investigations should be performed after
BoNT-A injection in children with CP in GMFCS levels
IIT and IV.

CONCLUSION

The ACTIVLIM-CP questionnaire demonstrated high
responsiveness after HABIT-ILE, showing the utility of this
scale for investigating global activity performance in clinical
trials. Children in GMFCS levels IIT and IV exhibited larger
changes in global activity performance than those in
GMECS levels I and II after HABIT-ILE intervention. After
BoNT-A change detected with

injection, no was
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ACTIVLIM-CP or with any of the three other question-
naires. This suggests the interest of using ACTIVLIM-CP
for measuring changes after intensive interventions and for
investigating characteristics of children transferring changes
due to BoNT-A injection into daily life activities, potentially
allowing optimization of the indications of this treatment in
the future.

ACKNOWLEDGEMENTS
This work was supported by a grant from Le Fonds de Soutien
Marguerite-Marie Delacroix (Belgium). The authors have stated

that they had no interests that could be perceived as posing a con-
flict or bias.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.
Appendix S1: Protocol of botulinum neurotoxin-A injection

for each child and correlations between ACTIVLIM-CP and

other questionnaire changes.

REFERENCES

—

. Rosenbaum P, Paneth N, Leviton A, et al. A report: the

definition and classification of cerebral palsy April 2006.

of global activity performance for children with cerebral

palsy. Res Dev Disabil 2017; 60: 285-94.

19.

Bleyenheuft Y, Gordon AM, Rameckers E, Thonnard
JL, Arnould C. Measuring changes of manual ability

Dev Med Child Neurol Suppl 2007; 109: 8-14. 11. Novak I, McIntyre S, Morgan C, etal. A systematic with ABILHAND-Kids following intensive training for

2. World Health Organization. ICF-CY, International review of interventions for children with cerebral palsy: children with unilateral cerebral palsy. Dev Med Child
Classification of Functioning, Disability, and Health: state of the evidence. Dev Med Child Neurol 2013; 55: Neurol 2017; 59: 505-11.

Children & Youth version. Geneva, Switzerland: World 885-910. 20. Dumas HM, Fragala-Pinkham MA, Haley SM, et al.
Health Organization, 2007. 12. Bleyenheuft Y, Gordon AM. Hand-arm bimanual inten- Computer adaptive test performance in children with

3. Arnould C, Bleyenheuft Y, Thonnard JL. Hand func- sive therapy including lower extremities (HABIT-ILE) and without disabilities: prospective field study of the
tioning in children with cerebral palsy. Front Neurol for children with cerebral palsy. Phys Occup Ther Pediatr PEDI-CAT. Disabil Rebabil 2012; 34: 393-401.

2014; 5: 48. 2014; 34: 390-403. 21. Arnould C, Vandervelde L, Batcho CS, Penta M,

4. Arnould C, Penta M, Renders A, Thonnard JL. ABIL- 13. Bleyenheuft Y, Arnould C, Brandao MB, Bleyenheuft C, Thonnard JL. Can manual ability be measured with a
HAND-Kids: a measure of manual ability in children Gordon AM. Hand and arm bimanual intensive therapy generic ABILHAND scale? A cross-sectional study
with cerebral palsy. Neurology 2004; 63: 1045-52. including lower extremity (HABIT-ILE) in children conducted on six diagnostic groups. BM7 Open 2012; 2:

5. Haley SM, New England Medical Center H, Group with unilateral spastic cerebral palsy: a randomized trial. ¢001807.

PR. Pediatric Evaluation of Disability Inventory (PEDI). Neurorehabil Neural Repair 20155 29: 645-57. 22. Lowing K, Thews K, Haglund-Akerlind Y, Gutierrez-
Boston, MA: PEDI Resarch Group, 1992. 14. Bleyenheuft Y, Ebner-Karestinos D, Surana B, et al. Farewik EM. Effects of botulinum toxin-a and goal-

6. Young NL, Williams JI, Yoshida KK, Wright JG. Mea- Intensive upper- and lower-extremity training for chil- directed physiotherapy in children with cerebral palsy
surement properties of the activities scale for kids. 7 Clin dren with bilateral cerebral palsy: a quasi-randomized GMFCS levels I & II. Phys Occup Ther Pediatr 2017; 37:
Epidemiol 20005 53: 125-37. trial. Dev Med Child Neurol 2017; 59: 625-33. 268-82.

7. Skold A, Hermansson LN, Krumlinde-Sundholm L, 15. Palisano R, Rosenbaum P, Walter S, Russell D, Wood 23. Scholtes VA, Dallmeijer AJ, Knol DL, et al. The com-
Eliasson AC. Development and evidence of validity for E, Galuppi B. Development and reliability of a system bined effect of lower-limb multilevel botulinum toxin
the Children’s Hand-use Experience Questionnaire to classify gross motor function in children with cerebral type a and comprehensive rehabilitation on mobility in
(CHEQ). Dev Med Child Neurol 2011; 53: 436-42. palsy. Dev Med Child Neurol 1997; 39: 214-23. children with cerebral palsy: a randomized clinical trial.

8. Preston N, Horton M, Levesley M, Mon-Williams M, 16. Eliasson AC, Krumlinde-Sundholm L, Rosblad B, et al. Arch Phys Med Rebabil 2006; 87: 1551-8.

O’Connor R]. Development of a parent-reported ques- The Manual Ability Classification System (MACS) for 24. Haddad JM, Rietdyk S, Claxton L], Huber JE. Task-
tionnaire evaluating upper limb activity limitation in children with cerebral palsy: scale development and evi- dependent postural control throughout the lifespan.
children with cerebral palsy. Physiother Res Int 2018; 23: dence of validity and reliability. Dev Med Child Neurol Exerc Sport Sci Rev 2013; 41: 123-32.

el684. 2006; 48: 549-54. 25. Girolami GL, Shiratori T, Aruin AS. Anticipatory pos-

9. Caty GD, Amould C, Thonnard JL, Lejeune TM. 17. Cohen ]J. Statistical Power Analysis for the Behavioral tural adjustments in children with hemiplegia and diple-
ABILOCO-Kids: a Rasch-built 10-item questionnaire Sciences. Hillsdale, NJ: Lawrence Erlbaum Associates, gia. 7 Electromyogr Kinesiol 2011; 21: 988-97.
for assessing locomotion ability in children with cerebral 1988.
palsy. 7 Rebabil Med 2008; 40: 823-30. 18. Anselmi P, Vidotto G, Bettinardi O, Bertolotti G. Mea-

10. Bleyenheuft Y, Paradis ], Renders A, Thonnard JL, surement of change in health status with Rasch models.
Arnould C. ACTIVLIM-CP a new Rasch-built measure Health Qual Life Outcomes 20155 13: 16.
8 Developmental Medicine & Child Neurology 2018



