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Abstract: Few studies have examined the effect of intensive therapy on gross motor function and
trunk control in children with cerebral palsy (CP). This study evaluated the effects of an intensive
burst of therapy on the lower limbs and trunk by comparing qualitative functional and functional
approaches. This study was designed as a quasi-randomized, controlled, and evaluator-blinded trial.
Thirty-six children with bilateral spastic CP (mean age = 8 y 9 mo; Gross Motor Function Classification
II and III) were randomized into functional (n = 12) and qualitative functional (n = 24) groups. The
main outcome measures were the Gross Motor Function Measure (GMFM), the Quality Function
Measure (QFM), and the Trunk Control Measurement Scale (TCMS). The results revealed significant
time-by-approach interaction effects for all QFM attributes and the GMFM’s standing dimension and
total score. Post hoc tests showed immediate post-intervention gains with the qualitative functional
approach for all QFM attributes, the GMFM’s standing and walking/running/jumping dimension
and total score, and the total TCMS score. The qualitative functional approach shows promising
results with improvements in movement quality and gross motor function.

Keywords: cerebral palsy; intensive therapy; lower limbs; trunk control

1. Introduction

Cerebral palsy (CP) is the most common cause of physical disability in childhood,
with an estimated pooled prevalence of 2.11 per 1000 live births [1,2]. CP denotes a group
of permanent disorders of movement and posture development caused by a brain injury
occurring in early life [2]. CP etiology is complex. In a large cohort study in Sweden, the
etiology of CP was considered prenatal in 38%, peri-/neonatal in 38%, and unclassified
in 24% of cases [3]. The Surveillance of Cerebral Palsy in Europe’s database indicates that
post-neonatal CP is rare and occurs in approximately 5% of cases [4]. A recent study by
Chopra et al. found that up to one in four patients with CP have an underlying genetic
condition [5]. Table A1 lists some potential risk factors for CP. Impairments, such as
spasticity, reduced selectivity, and postural stability, have been associated with impaired
motor function, such as gait deviations. CP’s motor disorders are often accompanied by
disturbances in sensation, perception, cognition, communication, and behavior; epilepsy;
and secondary musculoskeletal problems [6]. Although the initial neuropathologic lesion
is non-progressive, children with CP may develop a range of secondary conditions that
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will variably affect their functional abilities [7]. Therefore, individualized therapeutic
approaches that aim to provide long-term benefits are required [8,9].

Research on the effects of physiotherapeutic interventions in children with CP has
increased greatly, showing a wide diversity of techniques and concepts used in variable
intensity [8]. Different therapeutic interventions targeting hand function, gross motor
function, and postural control have proven their clinical efficacy. However, the results of
interventional studies are variable [8,10–12], potentially reflecting heterogeneity in clinical
presentations within the group of children with CP, differences in the applied therapies,
and methodological flaws, such as small sample sizes and the use of general outcomes
that lack sensitivity [13]. The various approaches to treating CP are based on different
motor learning theories. One of those approaches is the functional approach [14–16], in
which the focus of assessment and intervention is functionality. The therapist acts mainly
as a supervisor, adapting the environment without actively guiding the child’s perfor-
mance. Other approaches adopt a more qualitative approach to functional training, such
as neurodevelopmental treatment (NDT) or the Bobath concept. The children practice the
functional task itself and learn to improve the quality of their performance to perform the
task more efficiently [17]. The therapist plays a more active role by guiding the movement
and providing feedback on the performance.

Besides the intervention type, therapy intensity might play a considerable role in
treatment efficacy. A recent systematic review and meta-analysis showed evidence for the
effect of intensive training on hand function in children with CP, including short bursts of
highly intensive therapy in camp models [18]. In contrast, studies on the effect of intensive
therapy on gross motor function are limited, and their results are more inconclusive [18,19].
Interestingly, two studies conducted in children with unilateral and bilateral spastic CP
suggested that combined upper- and lower-extremity training in an intensive protocol may
effectively improve both upper- and lower-extremity function [20,21]. Nevertheless, the
core of this intervention remains bimanual training associated with postural and lower-
extremity demands. While it is known that most children with CP have impaired trunk
control [10,22], improvement of trunk control has never been included as a main treatment
goal and outcome in clinical trials assessing the effect of intensive therapy.

Therefore, this study aimed to investigate the effect of an intensive therapy program
using a camp model on qualitative and quantitative parameters of the lower limbs and trunk
in children with bilateral spastic CP. The effects of functional and qualitative functional
therapeutic approaches were compared.

2. Materials and Methods
2.1. Study Design

This study was designed as a quasi-randomized, controlled, and evaluator-blinded
trial. During three consecutive summers, 36 children (12 per camp) were enrolled in a
day-camp model for 10 days. A day-camp model is one in which children are involved in an
intensive burst of therapy, involving a certain amount of therapy during the daytime. In the
summers of 2017 to 2019, two camps with a qualitative functional approach and one with a
functional approach were organized. When they met the eligibility criteria, the children
were assigned based on the year of inclusion. Assessments occurred at baseline, pre- and
post-intervention, and at a six-month follow-up. The children continued their routine
therapy between the baseline and pre-intervention assessments and post-intervention and
follow-up assessments. Figure A1 shows a flowchart of this study.

Based on previous research, the sample-size estimate for this study was 12 participants
in each group to detect a change of 3% in one of the primary outcome measures, the Gross
Motor Function Measure (GMFM), with 80% power [23].

2.2. Participants

The eligibility criteria for participants were (1) a diagnosis of bilateral spastic CP,
(2) a Gross Motor Function Classification System (GMFCS) level of II or III [24], (3) aged
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6–12 years (y), and (4) the ability to understand and follow instructions and complete
testing. Children were excluded if they had previously undergone (1) a vertebral fusion,
(2) orthopedic surgery or selective dorsal rhizotomy within two years before the start of
the study, and (3) if they had received botulinum toxin injections in the lower limb within
six months before study enrollment. Children were recruited via CP reference centers,
schools for children with motor impairments, and pediatric physical therapists in Belgium.
Participants were enrolled between January 2017 and May 2019.

The protocol was performed according to the Helsinki Declaration and approved by
the Ethical Committee of the University Hospitals of Ghent and Leuven. Informed consent
was obtained from all children’s parents and the children aged 12 and upwards.

2.3. Intervention

This study compared two therapeutic approaches. The functional and qualitative
functional approaches have specific intrinsic characteristics but also share a common
setup and general guidelines. These general and specific guidelines are summarized in
Tables A2 and A3.

2.3.1. Setup and General Guidelines

The intervention setup aimed to provide an intensive burst of physiotherapy focusing
on the lower limbs and trunk. Participants were engaged in four-and-a-half hours of treat-
ment per day, five consecutive days a week (Monday to Friday) for two weeks and could
sleepover or go home after each camp day. This design resulted in 45 h of therapy, spread
across two clusters of five days, with a weekend between both clusters. Pediatric physical
therapists and final-year pediatric physical therapy students delivered the therapeutic
program. Caregivers and parents of the participants were not involved in the therapeutic
program. The main investigators developed the program’s content in collaboration with
experienced pediatric physical therapists. Before the camps, information sessions were
organized to inform therapists, and a manual was developed that outlined the program’s
body, individual goals, and pre-defined exercises. Trained supervisors assisted therapists
through the treatment sessions, and an intervision session was organized at the end of each
day to ensure compliance with the guidelines.

The therapeutic program’s core comprised five domains: balance, transfers, trunk
mobility and trunk stability, walking, and going up and down the stairs. Prerequisites were
allocated for each domain (Appendix A, Table A4). Each prerequisite comprised functional
exercises with different difficulty levels. The training was organized in individual and
group settings. An overview of a daily program can be found in the Appendix A (Table A5).

The motor learning theory was used as one of the foundations for both intervention
approaches. Elements such as structure, repetition, and variation are important for en-
hancing the integration and generalization of motor activities [25]. Individualization of
goals, progression, and motivation are also known triggers to reinforce the child’s learning
ability. For the latter, each child had a personal form reporting individual impairments and
difficulties, steering their therapeutic program. The therapist’s role was to accompany the
children through the therapeutic process, giving them an active role in finding solutions to
engaging in functional activities. Both approaches also relied on the task-specific model
in which treatment involves skill requirements to learn or improve a specific task [25].
Another overarching component of the interventions was the circus theme. Circus activities
were selected to optimize engagement in the intervention and ensure high compliance with
motor learning principles [26]. In addition, domains were trained using a Nintendo Wii
balance board three times a week for 45 min to increase variation and enhance the children’s
motivation. A review by Montoro-Cadenas showed that Nintendo Wii therapy could be
effective in improving functional and dynamic balance in children with CP, especially when
combined with conventional physical therapy [27].
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2.3.2. Functional Approach

The functional approach was an activity-focused therapy. Therapists provided an
environment that enabled the children to perform self-initiated actions, focusing more
on the successful accomplishment of specific tasks rather than the quality of movement.
At the beginning of each exercise, children were given cues to generate problem-solving
strategies and avoid compensations. In 2020, a group of experts introduced criteria for
functional therapy in children with CP [14]. A difference from the functional approach
implemented in this study was that goals were formulated by the main investigators, not
set in consultation with the children/parents.

2.3.3. Qualitative Functional Approach

The qualitative functional approach was Bobath-concept-oriented and activity- and
impairment-focused. The Bobath concept aims to maximize the child’s potential to improve
motor competence and prevent secondary musculoskeletal complications [28]. Practice
based on the Bobath concept involves an interactive problem-solving approach considering
each individual’s clinical presentation and personal goals. Treatment is focused on guiding
the individual towards efficient, qualitative movement strategies for task performance [29].

2.4. Assessment

Experienced pediatric physical therapists performed the assessments. The primary
outcomes were the GMFM-88 [30], the Quality Function Measure (QFM) [31], and the Trunk
Control Measurement Scale (TCMS) [32]. The secondary outcomes were the modified Timed
Up-and-Go test (mTUG) [33] and the One-Minute Walk Test (1MWT) [34] to measure gait
capacity. The assessment tools used have been shown to be reliable and valid [30–35].
Baseline assessments were used to determine initial individual treatment objectives for
both approaches. Additional assessments at baseline included a clinical examination and
gait analysis.

2.4.1. Primary Outcomes

At the body structure and function level, the QFM evaluates key quality attributes of
gross motor function in ambulatory children with CP [31]. These attributes are (1) align-
ment, (2) coordination, (3) weight shift, (4) stability, and (5) dissociated movement. They
are assessed using video recordings. Three allocated attributes per item were scored on
video using a four-point ordinal scale. The scores for the five attributes were used for
analysis. The TCMS assessed static and dynamic sitting balance [32]. This scale comprises
three subscales: static sitting balance, selective movement control, and dynamic reaching.
The TCMS items were scored in video recordings using a two- or three-point ordinal scale.
Both total TCMS and subscale scores were calculated.

At the activity level, the GMFM-88 was used to evaluate gross motor functions in
children with CP [30]. The GMFM-88 items were scored in video recordings using a four-
point ordinal scale [35]. In this study, children were assessed on dimensions C (kneeling
and crawling), D (standing), and E (walking, running, and jumping). Each dimension’s
score and a total score (total CDE) were used for analysis.

2.4.2. Secondary Outcomes

At the activity level, gait capacity was assessed using two standardized tests. The
mTUG assesses dynamic balance and mobility [33]. The mean score of two attempts was
used for analysis. The 1MWT is a validated and user-friendly tool to evaluate walking
ability and endurance [34]. The score from one attempt was used for analysis.

2.4.3. Additional Assessments

At the body structure and function level, a clinical examination and three-dimensional
gait analysis (3DGA) were performed. Passive and active range of motion and muscle tone
of the lower limbs, muscle strength, and selectivity of the lower limbs and the abdominal
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and back muscles were examined. The 3DGA results included measurement of joint move-
ment during gait (kinematics), moment and power (kinetics), and muscle activity registered
by electromyography of both the lower limbs and trunk. The additional assessments were
only used to determine initial individual treatment objectives.

2.5. Statistics

Both groups were compared at baseline using independent sample t-tests. The evo-
lution over time of the primary and secondary outcome measures between the two ap-
proaches was investigated using mixed models, adjusting for age and GMFCS level. The
analysis was based on a first-order autoregressive covariance structure accounting for the
dependencies of observations for a child over time. A Bonferroni correction was applied
when comparing the mean outcome measures pairwise between all four time points per
camp type. The Bonferroni-adjusted alpha level was 0.008, and corresponding 99.2% confi-
dence intervals are reported. First, interactions between approach and time were analyzed
to assess differences in improvement over time between the two treatment approaches.
Second, time trends were tested for each treatment approach separately, and pairwise post
hoc tests were used to compare individual time points. Estimated marginal means and
corresponding confidence intervals were visualized in high–low–close charts. Additionally,
subgroup analyses were performed for the GMFCS level. Pre-post effect sizes (ESs) were
calculated using Cohen’s d formula [36]. According to Cohen, an ES of 0.2–0.5 is considered
small, 0.5–0.8 medium, and >0.8 large. Treatment effects were also compared using the
minimal detectable change (MDC) and the minimal clinically important difference (MCID)
depending on their availability for each outcome measure [31,35,37,38]. Finally, interac-
tions between approach and time were analyzed for a paired sample of both approaches
(12 participants per group). Matching was random and based on age and GMFCS level.
All statistical analyses were performed in SPSS Statistics for Windows (version 27.0; IBM
Corp., Armonk, NY, USA).

3. Results
3.1. Participants

This study included 36 children. Twenty-four children were enrolled in a qualitative
functional camp and twelve in a functional-based camp. Due to botulinum toxin injections
or multilevel surgery, eight children in the qualitative functional group and five in the
functional group could not be measured at follow-up. The baseline characteristics for both
groups are shown in Table 1.

Table 1. Baseline characteristics for both groups.

Qualitative Functional
Approach

Functional
Approach Total Group

Number 24 * 12 36
Age (y and m) Mean (SD) 8 y 6 m (1.84) 8 y 10 m (2.23) 8 y 7 m (1.96)

Sex
Female n (%) 14 (58) 3 (25) 17 (47)
Male n (%) 10 (42) 9 (75) 19 (53)

GMFCS level
II n (%) 15 (62) 7 (58) 22 (61)
III n (%) 9 (37) 5 (42) 14 (39)

Lost to follow-up n (%)
8 (33)

II: 6 (6 BoNT-A)
III: 2 (1 ML, 1 SDR)

5 (42)
II: 2 (1 BoNT-A, 1 ML)

III: 3 (2 ML, 1 SDR)
13 (36)

BoNT-A: Botulinum toxin type-A injections; GMFCS: Gross Motor Function Classification System; m: months;
ML: multilevel surgery; n: number; SDR: selective dorsal rhizotomy; y: years. * For the qualitative functional
approach, four children were excluded for baseline assessments of the QFM and GMFM due to assessment errors.
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3.2. Treatment Efficacy

At baseline, all outcome measures did not differ significantly between groups. The
results of the outcome measures for both groups are summarized in Tables 2–8 and in the
Appendix A (Tables A6 and A7). Mean changes between pre- and post-intervention are
shown in the Appendix A (Figure A2a–h). Estimated marginal means and corresponding
confidence intervals were visualized as high–low–close charts (Figure 1a–h).

3.2.1. Primary Outcomes

The results revealed significant time-by-approach interaction effects for all attributes of
the QFM and dimension D and total CDE of the GMFM (Table 2). The qualitative functional
approach showed significant time trends for all attributes of the QFM; dimensions D, E, and
total CDE of the GMFM; and two subscales (static sitting balance and selective movement
control) and total score of the TCMS. No significant time trends were found for the QFM
and the GMFM with the functional approach.

Post hoc tests comparing individual time points showed immediate post-intervention
gains with the qualitative functional approach for all attributes of the QFM; dimensions D,
E, and total CDE of the GMFM; and the total score of the TCMS (Tables 3–5). There were
no significant changes between post-intervention and follow-up except for weight shift
(QFM) and total CDE (GMFM). Post hoc tests showed no significant differences pre- and
post-intervention for the functional approach (Tables 3–5).

For the qualitative functional approach, the mean pre- to post-intervention differences
and standard deviations (SDs) for the five attributes of the QFM ranged from 9.37% to
13.53% and 19.21% to 24.88%, respectively, resulting in medium Ess ranging from 0.49 to
0.63 (Table 7). For the functional approach, the mean pre- to post-intervention differences
and SDs for the QFM ranged from −1.47% to −3.34% and 23.51% to 30.51%, respectively,
resulting in Ess ranging from −0.06 to −0.11. For the qualitative functional approach, the
mean pre- to post-intervention differences and SDs for the GMFM ranged from 1.88% to
6.09% and 15.05% to 27.30%, respectively, resulting in Ess ranging from 0.12 to 0.23, with a
small ES for dimension D. For the functional approach, the mean pre- to post-intervention
differences and SDs for the GMFM ranged from −1.07% to 0.58% and 13.68% to 32.74%,
respectively, resulting in Ess ranging between −0.04 and 0.02. For the qualitative functional
approach, the mean pre- to post-intervention differences and SDs for the TCMS ranged
from 0.21 to 2.37 units and 1.54 to 9.02 units, respectively, resulting in Ess ranging from 0.14
to 0.28, with small Ess for the subscales static sitting balance, selective motor control, and
the total score. For the functional approach, the mean pre- to post-intervention differences
and SDs for the TCMS ranged from 0.00 to 1.08 units and 1.38 to 8.59 units, respectively,
resulting in Ess ranging from 0.00 to 0.14.

For the qualitative functional approach, the MDC was exceeded for all the attributes
of the QFM except stability (Table 8). In contrast, for the functional approach, the MDC
was not reached for any primary outcome. The MCID was only exceeded for dimension D
of the GMFM with the qualitative functional approach for both GMFCS levels.
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(b) High–low charts of the estimated marginal means and corresponding confidence intervals for the dissociation and stability attributes of the QFM. (c) High–low



J. Clin. Med. 2023, 12, 4078 11 of 39

charts of the estimated marginal means and corresponding confidence intervals for the weight shift attribute of the QFM and dimension C of the GMFM. (d) High–low
charts of the estimated marginal means and corresponding confidence intervals for dimensions D and E of the GMFM. (e) High–low charts of the estimated marginal
means and corresponding confidence intervals for the total CDE score of the GMFM and static sitting balance subscale of the TCMS. (f) High–low charts of the
estimated marginal means and corresponding confidence intervals for the selective motor control and dynamic reaching subscales of the TCMS. (g) High–low charts
of the estimated marginal means and corresponding confidence intervals for the total scores of the TCMS and 1MWT. (h) High–low charts of the estimated marginal
means and corresponding confidence intervals for mTUG outcomes.

Table 2. Descriptive statistics (means (SDs)) and statistical comparisons (p-values) of outcome measures at baseline, pre- and post-intervention, and at the six-month
follow-up.

A
pp

ro
ac

h

B
as

el
in

e

Pr
e-

In
te

rv
en

ti
on

Po
st

-I
nt

er
ve

nt
io

n

Fo
ll

ow
-U

p

Ti
m

e
*

A
pp

ro
ac

h

Q
ua

li
ta

ti
ve

Fu
nc

ti
on

al
(1

)

Fu
nc

ti
on

al
(2

)

QFM

Alignment 1 54.68 (28.39) 48.57 (25.08) 62.10 (24.68) 54.08 (36.99) <0.001 <0.001 0.410
2 49.68 (28.15) 52.96 (29.48) 49.63 (31.53) 61.53 (31.07)

Coordination 1 40.15 (21.18) 35.16 (20.48) 45.97 (23.40) 41.88 (24.66) <0.001 <0.001 0.009
2 42.52 (26.18) 45.05 (26.80) 43.51 (26.88) 44.37 (20.60)

Dissociation 1 33.38 (19.51) 27.46 (17.07) 36.83 (21.37) 34.19 (22.61) <0.001 <0.001 0.095
2 35.46 (22.59) 37.72 (23.76) 35.18 (23.36) 37.71 (19.98)

Stability 1 34.49 (19.49) 29.09 (18.05) 38.80 (21.73) 35.01 (22.13) <0.001 <0.001 0.289
2 35.10 (23.63) 36.08 (24.62) 34.02 (24.02) 40.00 (20.91)

Weight shift 1 37.84 (19.77) 32.97 (18.47) 45.33 (20.49) 39.00 (21.43) <0.001 <0.001 0.020
2 37.74 (22.68) 41.09 (24.28) 39.62 (24.18) 44.73 (22.83)
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Table 2. Cont.
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GMFM

Dimension C 1 89.76 (15.15) 88.10 (16.16) 89.98 (13.95) 86.16 (16.97) 0.108 0.033 0.419
2 89.29 (14.27) 90.87 (13.35) 90.28 (14.01) 93.20 (12.93)

Dimension D 1 64.36 (25.75) 62.71 (26.78) 68.80 (25.61) 62.34 (29.51) <0.001 <0.001 0.702
2 65.60 (27.19) 65.38 (28.71) 64.32 (27.65) 71.79 (24.28)

Dimension E 1 55.14 (26.11) 52.26 (27.01) 55.61 (27.62) 53.21 (30.48) 0.185 <0.001 0.116
2 55.21 (30.80) 57.52 (21.48) 58.10 (32.99) 64.88 (28.53)

Total CDE 1 69.75 (21.74) 67.69 (22.41) 71.47 (21.59) 67.24 (25.03) <0.001 <0.001 0.324
2 70.03 (23.39) 71.26 (24.04) 70.90 (23.92) 67.62 (21.14)

TCMS

Static sitting balance 1 14.75 (4.66) 14.83 (4.42) 15.75 (3.78) 16.80 (2.93) 0.769 0.006 0.587
2 16.33 (2.77) 16.33 (3.03) 16.67 (2.50) 17.29 (1.50)

Selective movement control 1 9.00 (4.76) 10.42 (4.78) 11.67 (4.26) 12.13 (4.42) 0.077 0.003 0.290
2 13.83 (5.57) 12.92 (5.95) 13.67 (5.07) 14.43 (5.50)

Dynamic reaching 1 0.88 (0.80) 1.54 (1.53) 1.75 (1.73) 1.40 (0.91) 0.423 0.041 0.710
2 1.33 (1.23) 1.50 (1.51) 1.50 (1.24) 1.86 (2.27)

Total TCMS 1 24.63 (8.95) 26.79 (9.43) 29.17 (8.26) 30.33 (7.44) 0.780 <0.001 0.162
2 31.50 (9.07) 30.75 (9.39) 31.83 (7.78) 33.57 (8.70)

Gait Capacity

1MWT 1 67.72 (20.10) 66.37 (15.85) 70.85 (16.48) 72.46 (16.64) 0.679 0.043 0.272
2 69.96 (17.01) 70.88 (18.62) 73.19 (19.50) 81.02 (13.51)

mTUG 1 15.77 (17.32) 16.73 (22.76) 14.40 (15.33) 15.05 (15.21) 0.680 0.286 0.885
2 13.07 (12.08) 12.64 (12.75) 11.58 (12.76) 9.10 (4.70)

Significant time effects (p < 0.008) are shown in italics. *: by; Approach 1: qualitative functional approach; Approach 2: functional approach; 1MWT: One-Minute Walk Test; GMFM: Gross
Motor Function Measure; mTUG: modified Timed Up-and-Go test; QFM: Quality Function Measure; TCMS: Trunk Control Measurement Scale.
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Table 3. Pairwise post hoc tests comparing individual time points within each approach for the QFM.

Alignment Coordination Dissociation Stability Weight Shift
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2 1 −2.30 0.069 −5.76 1.07 −1.20 0.223 −3.73 1.40 −2.84 0.018 −6.03 0.35 −2.05 0.035 −4.64 0.54 −1.24 0.167 −3.63 1.16
3 1 11.23 <0.001 6.78 15.69 9.65 <0.001 6.23 13.07 6.53 <0.001 2.32 10.74 7.67 <0.001 4.23 11.11 11.13 <0.001 7.95 14.31

2 13.53 <0.001 10.45 16.62 10.81 <0.001 8.47 13.16 9.37 <0.001 6.45 12.29 9.72 <0.001 7.35 12.09 12.36 <0.001 10.18 14.55
4 1 7.87 <0.001 2.21 13.53 7.68 <0.001 3.30 12.05 5.77 0.004 0.44 11.11 6.59 <0.001 2.20 10.98 7.86 <0.001 3.81 11.92

2 10.17 <0.001 5.42 14.92 8.85 <0.001 5.20 12.49 8.62 <0.001 4.13 13.10 8.64 <0.001 4.97 12.31 9.10 <0.001 5.71 12.49
3 −3.36 0.017 −7.11 038 −2.00 0.067 −4.83 0.89 −0.75 0.570 −4.30 2.80 −1.10 0.314 −3.96 1.80 −3.26 0.001 −5.93 −0.60
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nc
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al

2 1 3.28 0.045 −1.08 7.65 2.53 0.043 −0.79 5.85 2.27 0.142 −1.87 6.40 1.00 0.435 −2.38 4.33 3.35 0.004 0.26 6.45
3 1 −0.06 0.980 −6.06 5.95 1.00 0.563 −3.62 5.61 −0.28 0.896 −5.95 5.40 −1.10 0.533 −5.72 3.56 1.88 0.240 −2.41 6.17

2 −3.34 0.042 −7.07 1.03 −1.50 0.215 −4.86 1.78 −2.54 0.100 −6.68 1.59 −2.10 0.102 −5.40 1.30 −1.47 0.203 −4.57 1.62
4 1 −1.69 0.571 −9.70 6.32 −3.20 0.174 −9.36 3.04 −2.96 0.295 −10.51 4.59 0.20 0.938 −6.04 6.40 0.91 0.670 −4.83 6.66

2 −4.97 0.059 −11.97 2.02 −5.69 0.005 −11.06 −0.32 −5.22 0.036 −11.83 1.38 −0.80 0.693 −6.20 4.61 −2.44 0.192 −7.43 2.56
3 −1.64 0.437 −7.29 4.02 −4.15 0.011 -8.47 0.16 −2.68 0.180 −8.03 2.67 1.30 0.438 -3.09 5.61 −0.97 0.518 −4.99 3.05

Significant time trends (p < 0.008) are shown in italics. Time 1: baseline; Time 2: pre-intervention; Time 3: post-intervention; Time 4: six-month follow-up; QFM: Quality Function Measure.
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Table 4. Pairwise post hoc tests comparing individual time points within each approach for the GMFM.

Dimension C Dimension D Dimension E Total CDE
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2 1 0.63 0.481 −1.76 3.02 2.12 0.066 −0.95 5.20 2.46 0.003 0.31 4.61 1.71 0.003 0.18 3.25
3 1 2.51 0.035 −0.66 5.68 8.21 <0.001 4.10 12.31 5.82 <0.001 2.93 8.71 5.49 <0.001 3.43 7.55

2 1.88 0.022 0.63 4.07 6.09 <0.001 3.28 8.90 3.35 <0.001 1.40 5.32 3.77 <0.001 2.38 5.18
4 1 0.69 0.648 −3.35 4.72 5.15 0.010 −0.12 10.42 5.01 <0.001 1.30 8.73 3.60 <0.001 0.94 6.26

2 0.06 0.963 −3.32 3.44 3.03 0.066 −1.36 7.41 2.55 0.028 −0.53 5.63 1.89 0.023 −0.31 4.09
3 −1.83 0.067 −4.49 0.83 −3.06 0.018 −6.49 0.36 −0.80 0.369 −3.20 1.60 −1.89 0.004 −3.60 −0.18
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nc
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al

2 1 1.59 0.170 −1.51 4.68 −0.21 0.885 −4.19 3.76 2.31 0.027 −0.47 5.10 1.20 0.097 −0.75 3.21
3 1 0.99 0.533 −3.28 5.26 −1.28 0.535 −6.82 4.26 2.89 0.048 −1.00 6.79 0.90 0.403 −1.91 3.65

2 −0.60 0.605 −3.69 2.50 −1.07 0.471 −5.05 2.91 0.58 0.576 −2.20 3.46 −0.40 0.624 −2.34 1.62
4 1 2.22 0.298 −3.49 7.93 0.54 0.846 −6.92 8.00 1.75 0.374 −3.52 7.02 1.50 0.277 −2.24 5.30

2 0.63 0.732 −4.34 5.61 0.75 0.754 −5.70 7.21 −0.57 0.737 −5.11 3.97 0.30 0.802 −2.94 3.54
3 1.23 0.411 −2.78 5.24 1.82 0.345 −3.45 7.00 −1.15 0.396 −4.77 2.48 0.70 0.491 −1.92 3.25

Significant time trends (p < 0.008) are shown in italics. Time 1: baseline; Time 2: pre-intervention; Time 3: post-intervention; Time 4: six-month follow-up; GMFM: Gross Motor
Function Measure.
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Table 5. Pairwise post hoc tests comparing individual time points within each approach for the TCMS.

Static Sitting Balance Selective Motor Control Dynamic Reaching Total TCMS
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2 1 0.08 0.810 −0.85 1.01 1.42 0.013 −0.09 2.93 0.67 0.017 −0.07 1.41 2.17 0.006 0.10 4.24
3 1 1.00 0.033 −0.25 2.25 2.67 <0.001 0.75 4.58 0.87 0.007 0.02 1.73 4.54 <0.001 1.79 7.29

2 0.92 0.009 0.01 1.85 1.25 0.028 −0.26 2.76 0.21 0.448 −0.53 0.95 2.37 0.003 0.30 4.45
4 1 1.92 0.002 0.32 3.52 2.89 0.001 0.52 5.26 0.56 0.141 −0.45 1.58 5.34 <0.001 1.83 8.86

2 1.83 0.001 0.41 3.26 1.48 0.072 −0.71 3.66 −0.11 0.774 −1.08 0.87 3.18 0.008 0.04 6.31
3 0.92 0.035 −0.24 2.07 0.23 0.742 −1.61 2.06 −0.31 0.337 −1.19 0.56 0.80 0.402 −1.76 3.36

Fu
nc
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al

2 1 0.00 1.000 −1.32 1.32 −0.92 0.249 −3.05 1.22 0.17 0.667 −0.88 1.00 −0.80 0.492 −3.68 2.18
3 1 0.33 0.612 −1.43 2.10 −0.17 0.869 −2.87 2.54 0.17 0.713 −1.05 1.38 0.33 0.818 −3.56 4.22

2 0.33 0.497 −1.98 1.65 0.75 0.346 −1.38 2.99 0.00 1.000 −1.04 1.04 1.08 0.322 −1.85 4.01
4 1 1.05 0.222 −1.25 3.36 1.16 0.364 −2.25 4.58 0.61 0.265 −0.85 2.08 3.01 0.113 −2.05 8.07

2 1.05 0.171 −1.00 3.11 2.08 0.080 −1.08 5.23 0.45 0.400 −1.97 1.86 3.76 0.028 −0.78 8.29
3 0.72 0.253 −0.97 2.41 1.33 0.185 −1.35 4.01 0.45 0.348 −0.83 1.72 2.68 0.057 −1.07 6.42

Significant time trends (p < 0.008) are shown in italics. Time 1: baseline; Time 2: pre-intervention; Time 3: post-intervention; Time 4: six-month follow-up; TCMS: Trunk Control
Measurement Scale.
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Table 6. Pairwise post hoc tests comparing individual time points within each approach for gait capacity.

1MWT mTUG
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2 1 −1.35 0.299 −4.85 2.14 0.96 0.418 −2.21 4.12
3 1 2.05 0.252 −2.74 6.84 −0.71 0.666 −5.08 3.67

2 3.40 0.012 −0.16 6.97 −1.66 0.170 −4.89 1.57
4 1 3.57 0.124 −2.61 9.75 −2.38 0.264 −8.06 3.31

2 4.92 0.017 −0.52 10.36 −3.33 0.074 −8.31 1.64
3 1.52 0.305 −2.84 5.88 −1.67 0.258 −5.63 2.29

Fu
nc
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al

2 1 0.91 0.619 −4.03 5.86 −0.43 0.795 −4.91 4.05
3 1 3.22 0.199 −3.48 9.93 −1.49 0.515 −7.61 4.64

2 2.31 0.211 −2.63 7.25 −1.06 0.527 −5.54 3.43
4 1 6.32 0.058 −2.53 15.18 −0.54 0.858 −8.68 7.59

2 5.41 0.065 −2.40 13.22 −0.11 0.967 −7.25 7.03
3 3.10 0.193 −3.27 9.47 0.95 0.661 −4.84 6.73

Time 1: baseline; Time 2: pre-intervention; Time 3: post-intervention; Time 4: six-month follow-up; 1MWT: One-Minute Walk Test; mTUG: modified Timed Up-and-Go test.
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Table 7. Pre- and post-intervention effect sizes.

QFM

Alignment Coordination Dissociation Stability Weight shift
Approach 1 0.54 0.49 0.49 0.49 0.63
Approach 2 −0.11 −0.06 −0.11 −0.08 −0.06

GMFM

Dimension C Dimension D Dimension E Total CDE
Approach 1 0.13 0.23 0.12 0.17
Approach 2 −0.04 −0.04 0.02 −0.02

TCMS

Static sitting
balance

Selective motor
control Dynamic reaching Total TCMS

Approach 1 0.22 0.28 0.14 0.26
Approach 2 0.12 0.14 0.00 0.13

1MWT mTUG

Approach 1 0.28 0.12
Approach 2 0.12 0.06

Small (0.2–0.5) and medium (0.5–0.8) effect sizes are shown in italics. Approach 1: qualitative functional approach;
Approach 2: functional approach; 1MWT: One-Minute Walk Test; GMFM: Gross Motor Function Measure; mTUG:
modified Timed Up-and-Go test; QFM: Quality Function Measure; TCMS: Trunk Control Measurement Scale.

Table 8. Minimal detectable changes (MDCs), minimal clinically important differences (MCIDs), and
mean pre- and post-intervention differences.

Qualitative Functional
Approach

Functional
Approach

MCD MCID Mean Difference Mean Difference

QFM (%)
Alignment 13.5 / 13.5 −3.3

Coordination 8.7 / 10.8 −1.5
Dissociation 8.4 / 9.40 −2.5

Stability 9.9 / 9.70 −2.0
Weight shift 8.4 / 12.60 −1.5

GMFM (%)
Dimension C 7.90 / 1.88 −0.59
Dimension D 7.23 6.09 −1.07

II 3.3 5.46 −1.10
III 4.1 6.83 −1.03

Dimension E 4.16 3.36 0.58
II 4.5 4.26 0.99
III 3.4 1.85 0.00

TCMS
Total TCMS 6 / 2.38 1.08

Gait capacity
1MWT (m) /

II 5.1 3.8 2.7
III 3.8 2.7 1.7

mTUG (s) /
II 0.7 0.8 0.4
III 1.2 3.3 2.0

Meaningful differences are shown in italics and green. II: GMFCS level II; III: GMFCS level III; 1MWT: One-Minute
Walk Test; m: meter; GMFM: Gross Motor Function Measure; mTUG: modified Timed-Up-and-Go test; s: seconds;
QFM: Quality Function Measure; TCMS: Trunk Control Measurement Scale.
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3.2.2. Secondary Outcomes

No significant time-by-approach interaction effects were found for the 1MWT or
mTUG (Table 6). Time trends within the approaches were not significant.

For the qualitative functional approach, the mean pre- to post-intervention difference
and SD for the 1MWT were 3.40 m and 16.16 m, respectively, resulting in a small ES of 0.28
(Table 7). For the functional approach, the mean pre- to post-intervention difference and
SD for the 1MWT were 2.31 m and 19.06 m, respectively, resulting in an ES of 0.12. For
the qualitative functional approach, the mean pre- to post-intervention difference and SD
for the mTUG were −1.66 s and 19.04 s, respectively, resulting in an ES of 0.12. For the
functional approach, the mean pre- to post-intervention difference and SD for the mTUG
were −1.06 s and 12.76 s, respectively, resulting in an ES of 0.06.

For the qualitative functional approach, the MCID was exceeded for the mTUG for
both GMFCS levels (Table 8). For the functional approach, the MCID for the mTUG was
exceeded for GMFCS level III.

3.2.3. Subgroup Analysis

For the qualitative approach, the results revealed significant immediate post-intervention
gains for all attributes of the QFM and dimensions D, E, and total CDE of the GMFM for
GMFCS level II (Appendix A, Tables A6–A9). There were no significant changes between
post-intervention and follow-up, except for the weight shift attribute of the QFM. For
GMFCS level III, immediate post-intervention gains were found for three attributes of the
QFM (alignment, coordination, and weight shift) and dimensions C, D, and total CDE of
the GMFM. There were no significant changes between post-intervention and follow-up
for dimension D. For the TCMS, gait capacity, and all outcomes of the functional approach,
no immediate post-intervention gains were found when analyzing GMFCS levels II and III
separately (Appendix A, Tables A10–A13).

3.2.4. Matched-Pair Analysis

When comparing both approaches as two matched groups of 12 participants, the
results revealed significant time-by-approach interaction effects for all attributes of the
QFM and dimensions C, D, and total CDE of the GMFM (Appendix A, Table A14). The
qualitative functional approach showed significant time trends for all attributes of the QFM
and dimensions C, D, E, and total CDE of the GMFM. A significant time trend was found
in the functional approach for the coordination attribute of the QFM. For both approaches,
no significant time trends were found for the TCMS and gait capacity.

4. Discussion

A quasi-randomized, controlled trial involving 36 children with bilateral spastic CP
was conducted to investigate the effect of an intensive therapy program on qualitative and
quantitative parameters of the lower limbs and trunk. A qualitative functional approach
and a functional approach were compared. Significant time-by-approach interactions were
found for the five attributes of the QFM and dimension D and the total CDE of the GMFM.
No significant differences between approaches were found for the TCMS and gait capacity.
Time trends within both approaches showed significant improvements for participants
with the qualitative functional approach, with significant post-intervention gains for all
attributes of the QFM; dimensions D, E, and total CDE of the GMFM; and total TCMS.
There were no significant post-intervention gains with the functional approach.

Several interventions in children with CP, such as pharmacological interventions,
orthoses, or surgery, and some therapeutic approaches, such as the Bobath concept, aim to
improve biomechanical alignment and movement quality during functional activities [39].
Nevertheless, the effectiveness of such therapeutic approaches on functional outcomes
has been debated [11,12]. An important emphasis of the qualitative functional approach
was facilitating more efficient, qualitative movement strategies during functional activities.
Based on the principle of specificity of training, the current results showed that participants
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enrolled in the qualitative functional approach improved with respect to the QFM outcomes.
The same group showed significant improvements for the GMFM. This finding might reflect
that the qualitative functional approach generates learning through an active exploration
by the children, with the transfer of enhanced motor strategies to function. These results
are consistent with a study that examined two different intensities of NDT in children
with CP [40]. Their results showed significant improvements in the GMFM outcomes for
both intensities, with greater improvements in the more intensive group. However, there
were no significant changes between post-intervention and follow-up in this study, except
for weight shift and total CDE. Effect sizes for the qualitative functional approach were
small to medium for all attributes of the QFM and dimension D of the GMFM. The MDC
was reached for four attributes of the QFM and dimension D of the GMFM. These results
emphasize the clinical value of the effect of the qualitative functional approach.

Previous research investigated the effect of intensive, activity-focused therapy on
movement quality using the Gross Motor Performance Measure (GMPM) [39,41]. Consis-
tent with the outcome of the QFM with the functional approach in this study, the results
revealed no significant post-intervention changes. However, one study demonstrated sig-
nificant improvement in GMPM scores for improved items of the GMFM but not for items
that maintained the same GMFM score [39]. The authors concluded that improvement in
quality attributes of the GMPM may be a prerequisite for enhanced motor abilities. In this
study, Ess were below 0.14 for the QFM and GMFM, and MDCs were not reached with the
functional approach. In contrast, previous research found significant improvement in gross
motor function after intensive activity-focused therapy, such as Hand and Arm Bimanual
Intensive Training Including Lower Extremity (HABIT-ILE) [21,39,41,42]. HABIT-ILE is
a bimanual training approach that continuously incorporates lower-extremity function
and postural control in children with bilateral spastic CP [21]. Despite the small sample
size of the intervention group in that study (n = 10), the results for the day-camp model
over 13 days showed post-intervention improvements in the GMFM-66. Besides method-
ological differences (population and intervention), differences in the results between this
previous and the current study might be due to the greater responsiveness of the GMFM-66
compared to the GMFM-88 [43]. Another discrepancy with previous research was the
goal-setting process. In this study, the goals were not formulated in consultation with
parents and/or the child but defined by the main researchers, which may have influenced
the effectiveness of the functional approach. However, a study comparing the results of
intensive functional therapy using two different goal-setting strategies (broad, generalized
aims decided upon by the children’s physiotherapist versus the use of specific, measurable
goals set by the interaction between the child’s physiotherapist and the child, parents, and
teachers) showed no effect of the type of goal setting on study outcomes [41].

Regarding trunk control, post hoc tests in this study showed a significant time trend
for total TCMS in the qualitative functional approach. The absence of significant results
for the subscales might have been due to the specificity of the training. Most exercises
in the therapeutic program were closed-chain activities in sitting or standing positions.
The items in the TCMS are all open-chained tasks. Moreover, the subscales of the TCMS
might be less sensitive to change since the score range is smaller. Nevertheless, the results
showed small Ess for two subscales (static sitting balance and selective motor control) for
the qualitative functional approach. A previous study on 10 children with bilateral spastic
CP (2–9 y) compared the effect of task-oriented training and NDT on sitting posture using
the GMFM and electromyography [44]. The children improved in both intervention groups.
Nevertheless, the sample sizes were small (n = 5 for both groups), a clear description of
the interventions was lacking, and the outcome measures might not be representative of
changes in postural control.

Finally, no significant changes in gait capacity (1MWT and mTUG) were found for both
groups in this study. However, a small ES of 0.28 for the qualitative functional approach
was found for the 1MWT. The previously mentioned activity-based HABIT-ILE approach
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has shown significant differences for the 6MWT [21]. It is plausible that more time was
dedicated to walking (18% of the intervention time) in the latter study than in this study.

Overall, the smaller sample size of the functional group than the qualitative functional
group could also have caused the lack of significant results for this group in this study.
Therefore, a matched-pair analysis was conducted with 12 participants for each approach.
The results showed no differences in significant time effects favoring the functional ap-
proach, except for the coordination attribute of the QFM (p-value of 0.007 instead of 0.009).
However, post hoc analysis of the entire study group showed that this time effect might
reflect a change between follow-up and pre-intervention results rather than immediate
pre- to -post-intervention gains. In addition, as mentioned above, the Ess for pre- to post-
intervention changes were all below 0.14 for the functional approach. Moreover, MDCs
and MCIDs were not reached for any of the outcomes within the functional approach.

We also investigated whether the GMFCS level would influence treatment outcomes.
Overall, subgroup analyses showed similar results for both GMFCS levels in this study.
Interestingly, a significant post-intervention change was found for dimension C of the
GMFM in the qualitative functional group for GMFCS level III. Participants in GMFCS
level II often had a maximum-score pre-intervention for dimension C. This ceiling effect
might have influenced the non-significant results for the entire group for this dimension.
However, this subgroup analysis should be interpreted cautiously due to the small number
of participants. The results of a previous study implied that children classified in GMFCS-
levels I–II improved more in gross motor function than children classified in levels III–V
after an intensive goal-directed, activity-focused intervention [39]. The authors interpreted
these results as consistent with the motor developmental curves for CP [40,45]. Each
individual’s change in score (pre- to post-intervention difference) was interpreted relative
to available data on the MDCs or MCIDs of the clinical measures [34,35,37,38] to identify
the variability in the response between participants. Overall, more participants with the
qualitative functional approach achieved the MDC or MCID values for the QFM, GMFM,
TCMS, and 1MWT. When accounting for age and GMFCS level, children with a higher
motor function level (GMFCS level II) and younger children (aged 6–9 y) tended to show
improvements in more outcome measures, except for gait capacity, for which we saw
the opposite effect. The neuroplasticity phenomenon may partially explain the different
responses to the intensive intervention. Previous research indicated the importance of
starting early with therapy, given the better opportunities for neuroplasticity in younger
children [18]. Intensive training is recommended before age seven because children under
this age make the greatest progress when learning new functional skills based on brain
maturation and neuroplasticity principles.

5. Study Limitations

This study warrants some critical reflections. Due to time limitations, a second activity-
based camp could not be organized. Nevertheless, the matched-pair analysis and the mean
pre- to post-intervention differences support that sample-size differences may not have
greatly impacted the results.

Another limitation is that the functional approach implemented in this study failed to
strictly meet all the criteria for functional therapy. Goal setting in this study was the same
for both the qualitative functional and functional approaches with individual-, impairment-,
and activity-focused goals for each participant set by the therapists.

Future research could involve parents and caregivers, particularly to assess the long-
term effects of the approaches. In addition, monitoring the usual care and routines of the
children before and after the intensive boost of therapy could be an added value to detect
possible influencing factors.

Progression was partially standardized. Variations in the exercises elaborated per
the prerequisite of each domain were implemented in the program (e.g., with or without
support or with a wide or narrow base of support). Non-standardized variations were
adaptations the therapists made to the exercises based on specific abilities or evolutions of
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the children. The fact that some of the implemented progressions were not standardized
and were rather based on the therapist’s expertise reduced the reproducibility of the
program. In contrast to a strength training program, a lack of standardization is inherent
to programs including treatment approaches, such as the Bobath concept or functional
therapy, in which guidelines refer to broader concepts or ideas.

Finally, an important consideration is the feasibility of this type of intensive therapy
program. Such programs demand the involvement of many therapists. In Belgium, inten-
sive bursts of therapy are possible in specialized rehabilitation centers after an orthopedic
intervention. Since intensive therapy already has shown its efficacy within usual care, such
as short bursts of upper-limb training, and considering the needs of parents and children
to be offered tailored camps, the social security system should be able to propose adequate
financial interventions.

6. Conclusions

This study showed greater improvements for the intensive qualitative functional,
Bobath-concept-oriented, impairment- and activity-focused approach than for the intensive
functional activity-focused approach. Significant post-intervention gains were found for
movement quality (QFM) and gross motor function (GMFM). Effects on trunk control
(TCMS) were limited, and no significant effects were found for either group on gait capacity
(1MWT and mTUG). Subgroup analyses showed similar results for both GMFCS levels II
and III. These findings support the importance of interventions focusing on performance
quality during functional activities. Future research could implement parental involvement
and study the short- and long-term effects of the different approaches in a larger sample.
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Figure A1. Flowchart of this quasi-randomized trial.

Table A2. General guidelines for the qualitative functional and functional approaches.

Motor Learning Principle Description

Structure The therapeutic program had a clear structure with a top-down system: five domains,
prerequisites, and exercises.

Repetition Six individual sessions for each domain were incorporated into the program. Individual
logbooks ensured the repetition of the exercises.

Progression The exercises were progressively graded toward increasing the participants’ capacities.
Individual logbooks ensured shaping.

Motivation
Motivation was an important factor during the assessments and therapy. Fun was a key
feature and was achieved through rewards, group sessions, attractive leisure moments, and
the overarching circus theme.

Individual adjustments Individual goals were based on baseline assessments. Each participant had their own logbook
to ensure the continuity of the therapy.

Therapists guide the execution The child was considered an active actor seeking problem-solving strategies guided by
the therapist.

Focus on function Functional activities took precedence during at least 70% of the therapeutic sessions.
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Table A3. Specific guidelines for the qualitative functional and functional approaches.

Qualitative Functional Approach (Pictures a–d) Functional Approach (Pictures e–h)
Bobath-concept-oriented Functional-therapy-oriented
Activity- and impairment-focused Activity-focused
Active and passive preparation of the function

- Movement analysis
- Biomechanical principles to enhance efficient

movement patterns

Therapists identify impairments (clinical reasoning) related to the
performance of a task and create more optimal conditions before
training for the specific task. The sensory cues and the stimulation of
muscles provide input that should enhance active movement

No preparation of the function

Hands-on, facilitation through handling skills, and hands-off
Using key points of control to facilitate more efficient, qualitative
strategies during the performance of a task

Hands-off adjustment of the environment

Verbal cues enhance the quality of movement No verbal cues on the quality of movement during
the performance

Goal setting on impairment and activity level of the
International Classification of Functioning, Disability and
Health (ICF) (e.g., enhance the extension of the hip in stance and
during sit-to-stand or improve going up and down the stairs
holding one handrail)

Goal setting on the activity level of the ICF (e.g., sit-to-stand
without using the hands or improve transfers from sitting on
the ground to standing position)

a. b. e. f.
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Table A4. Prerequisites per domain.

Balance

Maintaining balance in different postures
Balance in stance with one foot in front (length of one step)
Dynamic balance

Transfers

Sit to stand
From lying down to stand

Rolling from prone to supine and vice versa
Roll-over

Trunk stability Trunk mobility

Active upright position of the trunk
Maintaining trunk position
Trunk stability while moving, in sitting position
Trunk stability while moving, in standing position

Trunk mobility in lying position
Trunk mobility in sitting position

Walking

Stance phase stability: flat foot, knee and hip extension, trunk
alignment
Stance on 1 leg
Stance on 1 leg while moving the other leg
Clearance of the foot during the swing phase
Pre-position of the foot at the end of the swing phase

Step length
Strength of the lower-limb muscles
Walking (forward, sideways, and backwards)
Transfers (sitting to standing and vice versa)
Walking speed

Going up and down the stairs

Balance in stance
Balance on one leg
Stance on a step on one leg, the other leg moves
Stance with one foot on a step
Pushing up on step

Going up and down the stairs: alternating versus not alternating
Jumping from a step
Active hip- and knee-extension of the stance leg

Table A5. Overview of a daily program.

8:30 a.m. – 9:00 a.m. Briefing therapists
9:00 a.m. – 9:45 a.m. Group session 1 (warming up with, e.g., stretching and strengthening)
9:45 a.m. – 10:30 a.m. Individual session 1
10:30 a.m. – 11:00 a.m. Break
11:00 a.m. – 11:45 a.m. Individual session 2
11:45 a.m. – 12:45 p.m. Lunch break
12:45 p.m. – 1:45 p.m. Standing device group A
1:45 p.m. – 2:30 p.m. Individual session 3
2:30 p.m. – 3:00 p.m. Break
3:00 p.m. – 3:45 p.m. Individual session 4
3:45 p.m. – 4:00 p.m. Break
4:00 p.m. – 4:30 p.m. Group session 2 (showing newly achieved skills, preparing the circus show)
4:30 p.m. – 5:15 p.m. Briefing therapists
6:30 p.m. – 7:30 p.m. Standing device group B
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Approach 1: qualitative functional approach; Approach 2: functional approach; GMFM: Gross Motor Function Measure; QFM: Quality Function Measure. 
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Approach 1: qualitative functional approach; Approach 2: functional approach; GMFM: Gross Motor Function Measure. 
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Approach 1: qualitative functional approach; Approach 2: functional approach; GMFM: Gross Motor Function Measure; TCMS: Trunk Control Measurement Scale. 
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Approach 1: qualitative functional approach; Approach 2: functional approach; TCMS: Trunk Control Measurement Scale. 
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Approach 1: qualitative functional approach; Approach 2: functional approach; 1MWT: One-Minute Walk Test; TCMS: Trunk Control Measurement Scale. 
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Figure A2. (a) Mean changes in pre- to post-intervention scores for both approaches. (b) Mean changes in pre- to post-intervention scores for both approaches
(continued). (c) Mean changes in pre- to post-intervention scores for both approaches (continued). (d) Mean changes in pre- to post-intervention scores for both
approaches (continued). (e) Mean changes in pre- to post-intervention scores for both approaches (continued). (f) Mean changes in pre- to post-intervention scores
for both approaches (continued). (g) Mean changes in pre- to post-intervention scores for both approaches (continued). (h) Mean changes in pre- to post-intervention
scores for both approaches (continued).
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Table A6. Subgroup analysis for the qualitative functional approach for the Quality Function Measure (QFM).

Alignment Coordination Dissociation Stability Weight Shift
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2 2 1 −3.75 0.007 −7.45 −0.06 −1.64 0.118 −4.44 1.16 −4.74 <0.001 −8.08 −1.39 −2.83 0.007 −5.60 −0.07 −1.7 0.082 −4.38 0.92
3 1 9.29 <0.001 4.21 14.38 10.91 <0.001 7.01 14.81 7.15 <0.001 2.54 11.76 8.98 <0.001 5.14 12.82 11.65 <0.001 7.98 15.33

2 13.05 <0.001 9.36 16.74 12.55 <0.001 9.75 15.36 11.88 <0.001 8.54 15.23 11.81 <0.001 9.04 14.57 13.38 <0.001 10.73 16.03
4 1 6.88 0.007 0.14 13.63 8.074 <0.001 2.87 13.28 6.17 0.008 0.06 12.28 6.97 <0.001 1.85 12.09 8.11 <0.001 3.22 13.00

2 10.64 <0.001 4.76 16.51 9.71 <0.001 5.21 14.22 10.91 <0.001 5.59 16.23 9.80 <0.001 5.37 14.23 9.84 <0.001 5.60 14.08
3 −2.41 0.172 −7.13 2.31 −2.84 0.036 −6.43 0.76 −1.0 0.540 −5.25 3.30 −2.0 0.130 −5.55 1.54 −3.54 0.006 −6.94 −0.15

3 2 1 1.83 0.439 −4.50 8.16 0.05 0.978 −4.77 4.87 2.3 0.273 −3.39 8.08 0.0 0.986 −4.72 4.79 0.0 0.977 −4.50 4.60
3 1 16.16 <0.001 8.39 23.94 7.97 <0.001 2.01 13.93 7.52 0.005 0.48 14.56 6.27 0.005 0.40 12.13 10.71 <0.001 5.10 16.32

2 14.34 <0.001 9.57 19.11 7.92 <0.001 4.30 11.54 5.17 0.002 0.85 9.49 6.23 <0.001 2.66 9.81 10.66 <0.001 7.24 14.08
4 1 11.49 0.001 2.28 20.71 7.09 0.008 −0.02 14.20 6.99 0.026 −1.35 15.33 6.345 0.016 −0.64 13.33 7.78 0.002 1.10 14.46

2 9.67 <0.001 2.64 16.69 7.04 0.001 1.66 12.42 4.6 0.052 −1.72 11.01 6.32 0.002 1.02 11.62 7.73 <0.001 2.66 12.80
3 −4.67 0.021 −10.05 0.71 −0.88 0.564 −4.97 3.21 −0.5 0.770 −5.40 4.34 0.1 0.957 −3.95 4.12 −2.94 0.043 −6.80 0.93

Significant time trends (p < 0.008) are shown in italics. GMFCS: Gross Motor Function Classification System.
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Table A7. Subgroup analysis for the functional approach for the Quality Function Measure (QFM).

Alignment Coordination Dissociation Stability Weight Shift
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2 2 1 3.75 0.068 −1.71 9.10 2.74 0.075 −1.37 6.84 3.07 0.095 −1.83 7.96 1.39 0.359 −2.67 5.43 4.61 0.002 0.73 8.49
3 1 2.37 0.394 −5.08 9.82 1.24 0.559 −4.46 6.95 0.04 0.989 −6.71 6.78 −1.06 0.614 −6.67 4.56 2.95 0.143 −2.43 8.33

2 −1.33 0.510 −6.73 4.08 −1.49 0.329 −5.60 2.61 −3.03 0.099 −7.93 1.87 −2.44 0.108 −6.49 1.61 −1.66 0.251 −5.54 2.22
4 1 3.0 0.397 −6.49 12.50 −4.29 0.119 −11.62 3.05 −3.60 0.263 −12.19 5.00 1.07 0.69 −6.13 8.28 3.27 0.205 −3.62 10.15

2 −0.69 0.820 −8.85 7.47 −7.03 0.003 −13.28 −0.78 −6.66 0.017 −14.05 0.73 −0.31 0.891 −6.47 5.84 −1.35 0.540 −7.23 4.54
3 0.63 0.788 −5.72 6.98 −5.53 0.003 −10.37 −0.70 −3.63 0.092 −9.38 2.12 2.13 0.232 −2.64 6.89 0.32 0.853 −4.25 4.88

3 2 1 2.70 0.258 −3.70 9.10 2.24 0.216 −2.61 7.10 1.15 0.594 −4.64 6.95 0.40 0.823 −4.39 5.19 1.59 0.352 −3.00 6.18
3 1 −3.45 0.294 −12.26 5.36 0.65 0.797 −6.11 7.40 −0.71 0.811 −8.69 7.27 −1.11 0.653 −7.76 5.54 0.38 0.872 −5.98 6.74

2 −6.15 0.011 −12.55 0.25 −1.60 0.377 −6.45 3.26 −1.86 0.389 −7.66 3.93 −1.51 0.397 −6.30 3.28 −1.21 0.479 −5.80 3.38
4 1 −11.17 0.023 −24.17 1.83 −0.31 0.933 −10.33 9.71 −1.41 0.747 −13.18 10.35 −2.24 0.542 −12.09 7.61 −4.04 0.251 −13.46 5.38

2 −13.87 0.002 −25.53 −2.21 −2.56 0.443 −11.49 6.38 −2.57 0.515 −13.12 7.99 −2.64 0.421 −11.43 6.16 −5.63 0.075 −14.05 2.78
3 −7.72 0.039 −17.68 2.24 −0.96 0.734 −8.56 6.64 −0.70 0.834 −9.72 8.32 −1.13 0.686 −8.62 6.36 −4.42 0.100 −11.59 2.75

Significant time trends (p < 0.008) are shown in italics. GMFCS: Gross Motor Function Classification System.
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Table A8. Subgroup analysis for the qualitative functional approach for the Gross Motor Function Measurement (GMFM).

Dimension C Dimension D Dimension E Total CDE
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2 2 1 0.48 0.62 −2.10 3.1 1.54 0.24 −1.97 5.05 2.50 0.006 0.10 4.90 1.50 0.022 −0.24 3.24
3 1 0.79 0.551 −2.78 4.4 7.18 <0.001 2.29 12.07 6.76 <0.001 3.39 10.13 4.91 <0.001 2.47 7.36

2 0.32 0.741 −2.26 2.9 5.64 <0.001 2.13 9.15 4.26 <0.001 1.86 6.66 3.40 <0.001 1.67 5.15
4 1 0.86 0.628 −3.89 5.6 3.85 0.116 −2.69 10.39 6.24 <0.001 1.72 10.77 3.61 0.004 0.32 6.90

2 0.28 0.804 −3.74 4.5 2.31 0.273 −3.34 7.96 3.74 0.011 −0.15 7.63 2.10 0.047 −0.69 4.93
3 0.16 0.958 −3.24 3.4 −3.33 0.049 −7.83 1.17 −0.52 0.652 −3.61 2.57 −1.30 0.12 −3.54 0.94

3 2 1 1.16 0.481 −3.27 5.6 3.85 0.089 −2.20 9.89 2.25 0.147 −1.90 6.40 2.32 0.04 −0.69 5.33
3 1 5.66 0.006 0.21 11.1 10.68 <0.001 3.21 18.16 4.10 0.034 −1.04 9.25 6.71 <0.001 2.98 10.45

2 4.50 <0.001 1.17 7.8 6.83 <0.001 2.31 11.37 1.85 0.111 −1.25 4.96 4.40 <0.001 2.15 6.64
4 1 1.39 0.565 −5.09 7.9 7.94 0.018 −0.98 16.87 2.91 0.207 −3.26 9.08 4.06 0.017 −0.43 8.55

2 0.23 0.901 −4.70 5.2 4.10 0.105 −2.65 10.85 0.66 0.702 −3.99 5.31 1.74 0.168 −1.63 5.11
3 −4.27 0.003 −8.03 −0.5 −2.74 0.153 −7.86 2.38 −1.19 0.363 −4.70 2.32 −2.66 0.006 −5.20 −0.11

Significant time trends (p < 0.008) are shown in italics. GMFCS: Gross Motor Function Classification System.
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Table A9. Subgroup analysis for the functional approach for the Gross Motor Function Measurement (GMFM).

Dimension C Dimension D Dimension E Total CDE
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2 2 1 0.68 0.628 −3.1 4.5 1.10 0.565 −4.04 6.23 3.77 0.005 0.25 7.29 1.85 0.053 −0.70 4.40
3 1 −0.68 0.727 −5.90 4.5 0.00 1.000 −7.16 7.16 4.76 0.011 −0.17 9.69 1.36 0.308 −2.22 4.94

2 −1.36 0.334 −5.14 2.4 −1.10 0.565 −6.23 4.04 0.99 0.449 −2.53 4.51 −0.49 0.606 −3.04 2.06
4 1 0.74 0.767 −5.95 7.4 2.49 0.469 −6.72 11.70 3.05 0.201 −3.33 9.42 2.11 0.223 −2.53 6.75

2 0.06 0.978 −5.66 5.8 1.39 0.634 −6.45 9.23 −0.72 0.720 −6.12 4.68 0.26 0.857 −3.66 4.18
3 1.42 0.391 −3.02 5.9 2.49 0.270 −3.56 8.54 −1.71 0.269 −5.87 2.44 0.86 0.502 −2.26 3.76

3 2 1 2.86 0.088 −1.61 7.3 −2.05 0.365 −8.13 4.03 0.28 0.858 −3.89 4.44 0.36 0.747 −2.65 3.37
3 1 3.33 0.150 −2.85 9.5 −3.08 0.330 −11.55 5.39 0.28 0.898 −5.56 6.11 0.18 0.910 −4.06 4.41

2 0.48 0.774 −3.99 4.9 −1.03 0.650 −7.10 5.05 0.00 1.000 −4.16 4.16 −0.18 0.870 −3.20 2.83
4 1 4.35 0.204 −4.80 13.5 −2.99 0.524 −15.57 9.59 0.38 0.908 −8.32 9.07 0.59 0.801 −5.73 6.92

2 1.49 0.625 −6.69 9.7 −0.94 0.822 −12.14 10.26 0.10 0.973 −7.62 7.81 0.23 0.911 −5.37 5.83
3 1.01 0.697 −5.96 8.0 0.09 0.980 −9.44 9.61 0.10 0.968 −6.45 6.64 0.42 0.814 −4.33 5.16

Significant time trends (p < 0.008) are shown in italics. GMFCS: Gross Motor Function Classification System.
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Table A10. Subgroup analysis for the qualitative functional approach for the Trunk Control Measurement Scale (TCMS).

Static Sitting Balance Selective Motor Control Dynamic Reaching Total TCMS
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2 2 1 −0.30 0.533 −1.42 0.88 1.73 0.015 −0.16 3.62 0.87 0.012 −0.05 1.8 2.33 0.018 −0.27 4.94
3 1 0.30 0.562 −1.21 1.87 2.93 0.001 0.54 5.33 1.20 0.003 0.14 2.3 4.47 0.001 1.01 7.93

2 0.60 0.163 −0.55 1.75 1.20 0.090 −0.69 3.09 0.33 0.329 −0.58 1.3 2.13 0.030 −0.47 4.74
4 1 1.10 0.140 −0.89 3.11 2.99 0.009 0.01 6.99 1.01 0.034 −0.26 2.3 5.02 0.003 0.56 9.49

2 1.37 0.040 −0.40 3.15 1.33 0.225 −1.51 4.02 0.15 0.748 −1.08 1.4 2.7 0.073 −1.31 6.68
3 0.80 0.154 −0.68 2.23 0.06 0.947 −2.28 2.40 −0.19 0.651 −1.29 0.9 0.6 0.651 −2.73 3.83

3 2 1 0.70 0.229 −0.82 2.15 0.89 0.328 −1.55 3.33 0.33 0.449 −0.85 1.5 1.9 0.133 −1.47 5.25
3 1 2.11 0.005 0.12 4.10 2.22 0.056 −0.87 5.31 0.33 0.516 −1.04 1.7 4.67 0.006 0.20 9.13

2 1.44 0.010 −0.04 2.93 1.33 0.144 −1.10 3.77 0.00 1.00 −1.18 1.2 2.78 0.028 −0.58 6.14
4 1 3.24 0.001 0.72 5.76 2.68 0.059 −1.09 6.46 −0.18 0.769 −1.77 1.4 5.83 0.006 0.20 11.45

2 2.57 0.002 0.35 4.80 1.80 0.167 −1.67 5.36 −0.51 0.377 −2.05 1.0 3.94 0.037 −1.06 8.93
3 1.10 0.093 −0.66 2.92 0.46 0.668 −2.43 3.35 −0.51 0.320 −1.88 0.9 1.2 0.442 −2.88 5.20

Significant time trends (p < 0.008) are shown in italics. GMFCS: Gross Motor Function Classification System.
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Table A11. Subgroup analysis for the functional approach for the Trunk Control Measurement Scale (TCMS).

Static Sitting Balance Selective Motor Control Dynamic Reaching Total TCMS
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2 2 1 −0.14 0.820 −1.83 1.54 −1.29 0.213 −4.05 1.48 0.14 0.775 −1.20 1.49 −1.30 0.366 −5.10 2.53
3 1 −0.14 0.865 −2.40 2.11 −0.29 0.827 −3.79 3.22 0.00 1.000 −1.56 1.56 −0.40 0.821 −5.49 4.63

2 0.00 1.000 −1.68 1.68 1.00 0.332 −1.76 3.6 −0.14 0.775 −1.49 1.20 0.90 0.546 −2.96 4.67
4 1 0.328 0.798 −2.68 3.25 0.54 0.748 −3.92 4.99 0.81 0.255 −1.08 2.69 1.70 0.489 −4.91 8.33

2 0.403 0.666 −2.22 3.07 1.82 0.237 −2.29 5.93 0.66 0.332 −1.16 2.49 3.0 0.178 −2.94 8.94
3 0.43 0.600 −1.75 2.60 0.82 0.530 −2.68 4.32 0.81 0.191 −0.84 2.45 2.10 0.244 −2.77 7.06

3 2 1 0.20 0.787 −1.79 2.19 −0.40 0.742 −3.67 2.87 0.20 0.735 −1.39 1.79 0.00 1.000 −4.51 4.51
3 1 1.00 0.316 −1.67 3.67 0.00 1.000 −4.15 4.15 0.40 0.561 −1.44 2.24 1.40 0.531 −4.59 7.39

2 0.80 0.282 −1.19 2.79 0.40 0.742 −2.87 3.67 0.20 0.735 −1.39 1.79 1.40 0.405 −3.11 5.91
4 1 2.10 0.106 −1.36 5.57 2.04 0.296 −3.17 7.24 0.37 0.651 −1.83 2.58 4.80 0.099 −2.94 12.54

2 1.90 0.100 −1.18 4.99 2.44 0.176 −2.36 7.23 0.17 0.827 −1.96 2.30 4.80 0.065 −2.12 11.72
3 1.10 0.241 −1.42 3.62 2.04 0.180 −2.02 6.10 −0.03 0.970 −1.94 1.89 3.40 0.111 −2.29 9.09

GMFCS: Gross Motor Function Classification System.
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Table A12. Subgroup analysis for the qualitative functional approach for gait capacity.

1MWT mTUG
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2 2 1 −3.23 0.046 −7.55 1.08 0.10 0.945 −3.82 4.02
3 1 0.59 0.787 −5.27 6.45 −0.66 0.742 −6.03 4.71

2 3.83 0.019 −0.49 8.14 −0.76 0.604 −4.68 3.17
4 1 1.93 0.501 −5.75 9.62 −0.85 0.749 −7.93 6.24

2 5.17 0.042 −1.60 11.93 −0.95 0.683 −7.15 5.26
3 1.34 0.511 −4.14 6.82 −0.19 0.92 −5.19 4.81

3 2 1 1.78 0.39 −3.79 7.35 2.38 0.208 −2.68 7.45
3 1 4.45 0.128 −3.35 12.24 −0.92 0.729 −8.07 6.22

2 2.67 0.225 −3.22 8.55 −3.31 0.099 −8.66 2.05
4 1 6.18 0.094 −3.64 15.99 −4.85 0.153 −13.91 4.21

2 4.39 0.173 −4.22 13.00 −7.23 0.015 −15.14 0.67
3 1.73 0.492 −5.02 8.47 −3.93 0.088 −10.08 2.22

1MWT: One-Minute Walk Test; mTUG: modified Timed Up-and-Go test; GMFCS: Gross Motor Function Classification System.
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Table A13. Subgroup analysis for the functional approach for gait capacity.

1MWT mTUG
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2 2 1 1.05 0.655 −5.27 7.36 −0.27 0.901 −6.01 5.48
3 1 3.78 0.238 −4.79 12.35 −0.67 0.82 −8.53 7.20

2 2.73 0.247 −3.58 9.05 −0.40 0.852 −6.14 5.34
4 1 5.52 0.173 −5.28 16.32 0.26 0.944 −9.71 10.23

2 4.47 0.203 −4.92 13.86 0.53 0.869 −8.08 9.14
3 1.74 0.527 −5.65 9.13 0.93 0.712 −5.81 7.66

3 2 1 0.73 0.794 −6.75 8.20 −0.67 0.792 −7.46 6.13
3 1 2.45 0.518 −7.70 12.59 −2.64 0.447 −11.94 6.66

2 1.72 0.536 −5.75 9.20 −1.98 0.436 −8.77 4.82
4 1 8.52 0.126 −6.32 23.35 −1.81 0.722 −15.48 11.85

2 7.79 0.122 −5.63 21.22 −1.15 0.803 −13.45 11.16
3 6.07 0.160 −5.47 17.61 0.83 0.833 −9.71 11.37

1MWT: One-Minute Walk Test; mTUG: modified Timed Up-and-Go test; GMFCS: Gross Motor Function Classification System.
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Table A14. Matched-pair analysis.
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Quality Function Measure (QFM)

Alignment <0.001 <0.001 0.400
Coordination <0.001 <0.001 0.007
Dissociation <0.001 <0.001 0.130

Stability <0.001 <0.001 0.209
Weight shift <0.001 <0.001 0.150

Gross Motor Function Measurement (GMFM)

Dimension C 0.008 0.003 0.475
Dimension D 0.007 0.003 0.635
Dimension E 0.097 <0.001 0.087

Total CDE <0.001 <0.001 0.303

Trunk Control Measurement Scale (TCMS)

Static sitting balance 0.773 0.189 0.469
Selective movement control 0.230 0.124 0.212

Dynamic reaching 0.234 0.111 0.689
Total TCMS 0.109 0.029 0.109

Gait Capacity

1MWT 0.442 0.146 0.208
mTUG 0.520 0.201 0.926

Significant time trends (p < 0.008) are shown in italics. *: by; 1MWT: One-Minute Walk Test; mTUG: modified
Timed Up-and-Go test.
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