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Abstract
Introduction. To evaluate the effects of task-oriented exercise training program (TOET) on the functional performance (mobility 
and walking efficiency) of children with cerebral palsy (CP).
Methods. Overall, 46 children with CP were recruited from outpatient units of the physiotherapy clinics of Aminu Kano Teaching 
Hospital, Murtala Mohammed Specialist Hospital, and a school for children with disabilities. They were randomly assigned to 
the TOET group (n = 23) and the control group (CG) (n = 23). Children in CG practised conventional physiotherapy. Each group 
trained twice weekly for 12 weeks. Mobility and walking efficiency were assessed with a mobility questionnaire and 10-meter walk 
test, respectively, at baseline, after 6th and 12th weeks, and after 6 weeks of follow-up. Data were analysed with repeated meas-
ures ANOVA, t-test, Mann-Whitney U test, and Friedman’s test, with  < 0.05.
Results. A total of 39 children with CP completed the study, 19 in CG and 20 in TOET group. The between-group scores of 
mobility (TOET: 69.15 ± 17.32; CG: 67.03 ± 10.49) and walking efficiency (TOET: 0.63 ± 0.2 m/s; CG: 0.63 ± 0.19 m/s) were not 
different at baseline and at the 6th week (p > 0.05). At the 12th week, there were significant between-group differences in mobility 
(TOET: 86.16 ± 7.20; CG: 71.09 ± 13.58) and walking efficiency (TOET: 1.00 ± 0.29 m/s; CG: 0.78 ± 0.28 m/s) (p < 0.05). The 
within-group scores of walking efficiency and mobility increased in both TOET and CG (p < 0.005 for both comparisons).
Conclusions. TOET is an effective intervention to improve functional performance of children with CP.
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Introduction

Cerebral palsy (CP) is often associated with poor func-
tional performance, that is, impairments of mobility [1, 2] and 
walking efficiency [3, 4]. The task-oriented exercise training 
program (TOET) is a potential neurological rehabilitation tech-
nique for the enhancement of the functional performance in 
children with CP [5–8]. This contemporary technique of neuro-
logical rehabilitation involved the use of ‘functional strength-
ening, balance training, aerobic exercise, and the practice 
of a variety of walking tasks and subtasks’ [9] in the training 
of functional daily living skills, advanced motor skills, and 
endurance [10]. It is based on the premise that the patient is 
a learner [11] who is guided through the practice of specific 
and relevant motor tasks in order to become effective and 
efficient in executing the learned motor tasks [12, 13]. Suc-
cessful implementation of TOET requires adherence to mo-
tor learning principles [11]. The TOET approach requires set-
ting (i) a clear functional goal for the achievement of the desired 
activities of daily living [14, 15]. The goal is set in collaboration 
with the patient and sometimes the patient’s family [15, 16]. 
It also requires (ii) active participation of the patient [9–11] in 
the accomplishment of functional and (iii) context-specific 
motor tasks [13–15] with ‘real-world’ object manipulation [15] 
– meaning that the child learns to use objects that are avail-
able in their homes (e.g. knife, hair brush, staircase, chairs, 
etc.) [15]. Further components of TOET include the use of (iv) 
context-specific training environment that reflects or mimics 
the natural environment for a specific task execution [15, 17, 
18] and (v) random practice [15, 16, 19, 20]. Nonetheless, 
a study found that block practice was superior to random 

practice in training people with CP [21]. The training schedule 
should involve (vi) either massed [19] or distributed practice 
[14, 15, 22]. The choice of training schedule may, however, 
depend on the goal of therapy and the individual’s capabili-
ties [20]. The training should advance towards (vii) practising 
the whole task [15, 19, 23], (viii) using a variety of exercises [9, 
14, 15], with (ix) positive reinforcement (feedback) [14, 15, 19]. 
Finally, the training should be (x) individualized, with (xi) the 
load customized for each patient [14].

Studies have shown that TOET increased muscle strength 
[7, 24], functional balance [6, 8, 25, 26], participation [24], 
and self-care [27] among children with CP. Additionally, it im-
proved mobility [27] by enhancing both standing and walk-
ing functions [5, 26, 28]. A study found, however, that TOET 
only improved standing ability and the gain recorded was 
not maintained in the follow-up period [24]. Another study 
implied that TOET did not improve lower limb function [29]. 
A systematic review revealed that TOET had strong evidence 
of improving upper extremity function and self-care in chil-
dren with CP [30] but exhibited limited evidence of improv-
ing gross motor function [30, 31]. Strong recommendations 
have been made concerning the need for further research 
to determine the best ways to improve mobility function in 
these children [31, 32].

Despite the importance attached to the use of TOET com-
ponents, many studies are unable to fully describe the specific 
components applied in their interventions. To date, only one 
study has used a customized training load for each patient [4]. 
Numerous studies have involved a limited number of training 
tasks [3, 4, 6, 33], therefore reducing the children’s abilities to 
learn a variety of exercises related to accomplishing efficient 
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movement function. Individualized training was not possible 
in group-based studies [7, 29]. Finally, many of the studies on 
TOET had no post-intervention follow-up [5, 8, 25, 26, 28], 
and thus it is difficult to know whether the gains in the vari-
ables trained were retained or not. The present study is de-
signed to be more comprehensive with the use of customized 
training loads, as well as context-specific, block, whole-task, 
and distributed training schedules. A variety of exercises have 
been applied with a positive feedback and post-interven-
tion follow-up [34].

In this study, mobility was operationally defined as the 
ability of children with CP to move from one postural position 
to another and from one location to another, and was as-
sessed by using a mobility questionnaire. Walking efficiency 
was defined operationally as the ability of children with CP to 
cover a specific walking distance per a time unit. Functional 
performance in this study was evaluated by assessing the 
mobility and walking efficiency of children with CP. The study 
investigated the effects of TOET on the functional perfor-
mance of children CP.

Subjects and methods

Study design

The study was carried out in the Physiotherapy Depart-
ments of Aminu Kano Teaching Hospital in Kano and Mur-
tala Mohammed Specialist Hospital in Kano, as well as in Us-
man International School, Kano. A total of 46 children were 
randomized into the TOET group (n = 23) and control group 
(CG) (n = 23). The flowchart of the study is presented in 
Figure 1. Included in this study were children with CP who 

could walk independently with or without walking aids. Ex-
cluded were children who had a severe musculoskeletal de-
formity in any of the lower limbs. Part of this research, the 
details of trial registration, ethical clearances, sample size 
determination, and the procedure for simple random sam-
pling and blinding have been published recently [34]. All the 
children in the TOET group and CG were treated twice weekly 
for 12 weeks. There was a 6-week follow-up. Exercises in both 
groups were conducted for a total of 40 minutes per session.

Treatment in the TOET group

TOET involved practice of 6 exercises in 4 stations. Sta-
tion 1 included forward step-up and unloaded sit-to-stand. 
Loaded sit-to-stand was practised in station 2. In station 3, 
high stick stepping and circular movement were practised. 
Station 4 involved staircase climbing and descending. A de-
tailed description of the procedure of conducting each of the 
exercises was published previously [34]. A pretest repetition 
(PTR) was used to progress each of the exercises. The total 
number of repetitions of each exercise in 1 minute was the 
PTR [4].

Exercise progression

Forward step up, high stick-stepping, unloaded and loaded 
sit-to-stand exercises are progressed in the same manner. 
In the first 2 weeks of the training, each child performed 3 
sets of 3 × 50% of PTR. PTR was increased to 60% in the 3rd 
and 4th week, to 70% in the 5th and 6th week, to 80% in the 7th 
and 8th week, to 90% in the 9th and 10th week, and to 100% 
in the 11th and 12th week [34].

Figure 1. Flowchart showing the progression of participants through the study

TOET – task-oriented exercise training program	 CG – control group 
AKTH – Aminu Kano Teaching Hospital		  UIS – Usman International School 
MMSH – Murtala Mohammed Specialist Hospital
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For example, in a child whose PTR for the unloaded sit-to-
stand was 10 repetitions per minute, 1 set of 3 × 50% of PTR 
in first 2 weeks of training was 3 × 0.5 × 10 = 15 repetitions 
(per set). Therefore, the child performed 3 sets of 15 repeti-
tions of unloaded sit-to-stand per session during the first 
2 weeks of training. Each exercise set for 1 minute was fol-
lowed by 1 minute of rest.

Exercise progression for circular movement  
and staircase climbing and descending

Circular movement and staircase climbing and descend-
ing exercises are progressed in the same manner. This was 
done by adding 1 repetition of the exercise to PTR every 3 
weeks. In the first 3 weeks of training, each of the children 
practised 3 sets of PTR plus 1 additional repetition of the ex-
ercise. There were additional 2 repetitions of the exercises 
in the 4th–6th weeks, 3 additional exercise repetitions in the 
7th–9th weeks, and 4 additional repetitions in the 10th–12th 
weeks. For example, in a child whose PTR for circular move-
ment was 5 repetitions per minute, 1 set of the exercise in 
the first 3 weeks of training was PTR + 1 = 5 + 1 = 6 repeti-
tions of circular movement. Therefore, the child performed 
3 sets of 6 repetitions of circular movement per session dur-
ing the first 3 weeks of training.

Conventional physiotherapy for CG

The conventional physiotherapy involved passive stretch-
ing, as well as active assisted, free active, and resisted ex-
ercises targeting lower limbs and trunk, which lasted for 40 
minutes. A detailed description of the conventional physio-
therapy program was published previously [34].

Warm-up and cool-down sessions

Each treatment session began with 5 minutes of warm-up 
exercise for both groups, which consisted of passive stretch-
ing of the calf muscles, hamstring, and hip adductors, followed 
by a 5-meter quick to-and-fro walk. Children in both groups 
had 5 minutes of cool-down at the end of each treatment 
session.

Assessment of mobility

Mobility was measured with a mobility questionnaire 
(MobQues 28). MobQues is both reliable and valid for mea-
suring mobility limitations in children with CP as rated by the 
caregivers [1, 2, 35]. The instrument has high inter-rater 
reliability (intraclass correlation coefficient: 0.87) [1] and good 
content validity; the items were linked to the ‘mobility’ items 
of the International Classification of Functioning, Disability 
and Health with a moderate concurrent validity with the Gross 
Motor Function Measure-66 (r = 0.67) [35]. Each of the 28 
items of the questionnaire was scored on a 5-point scale 
ranging from 0 to 4. The lowest score on the instrument was 
0 and the highest score was 112. The total scores were cal-
culated by adding all item scores, dividing by the maximum 
possible score (i.e. 112), and multiplying by 100. The total 
scores were expressed on a scale of 0–100 [1], with higher 
scores representing better mobility.

Measurement of walking efficiency

This was measured by using a 10-metre walk test. The 
test is both reliable and valid in measuring walking efficiency 

in patients with neurological disabilities [36–38]. It has high 
test-retest (intraclass correlation coefficient: 0.81) [38] and 
intra-rater (r = 0.983) reliabilities in children with CP [38] and 
spinal cord injuries [29], respectively. It has concurrent validi-
ties of r = 0.67 and r = –0.71 with the Berg Balance Scale and 
Emory Functional Ambulation Profile, respectively, in patients 
with stroke [36].

The test was performed with a ‘flying start’. In the ‘flying 
start,’ the children were asked to walk a distance from 0 to 
14 meters but only the time it took them to cover the distance 
between 2 and 12 meters at a self-selected walking speed 
was recorded. The timing started only when the child’s leg 
crossed the 2-meter line and stopped when it crossed the 
12-meter line. This helped to prevent errors in the measure-
ment of walking speed that could be associated with an 
‘acceleration’ at the beginning of the test and ‘deceleration’ 
at the end of the test. Walking efficiency was obtained as the 
waking speed by dividing the distance covered (i.e. 10 me-
ters) by the total time (in seconds).

Data analysis

Repeated measures ANOVA was used to analyse with-
in-group data on walking efficiency, measured at baseline, 
at 6th and 12th weeks of study, and after 6 weeks of follow-up. 
Friedman’s test served to analyse within-group data on mo-
bility, measured at baseline, at 6th and 12th weeks, and after 
6 weeks of follow-up. Unpaired t-test was applied to com-
pare between-group data on walking efficiency. The Mann-
Whitney U test allowed to compare between-group data on 
mobility. The analyses were conducted at the  level of p  
0.05, with the SPSS software, version 20.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the Declaration of Helsinki, and has 
been approved by the authors’ institutional review board or 
an equivalent committee.

Informed consent
Informed consent has been obtained from the caregivers 

of all individuals included in this study after adequate expla-
nation of the research procedure. The consent involved volun-
tariness, confidentiality, and non-maleficence, which were 
duly respected.

Results

A total of 39 children completed the study, 20 in the TOET 
group 19 in CG. There were 9 (45%) males and 11 (55%) 
females in the TOET group. CG comprised 9 (47.4%) males 
and 10 (52.6%) females. The mean age of the children was 
8.7 ± 3.0 years (range: 4–12 years) and 7.9 ± 3.1 years 
(range: 4–12 years) in the TOET group and CG, respec-
tively. Seven participants dropped out, thus giving an attri-
tion rate of 15.2%. Half of the children in the TOET group 
(10; 50.0%) and most CG participants (12; 63.2%) had the 
hemiplegic type of CP. In the TOET group, 7 (35%) children 
had diplegic CP, 2 (10%) had athetoid CP, and 1 (5%) had 
ataxic CP. In CG, 4 (21.1%) children had diplegic CP, 2 (10.5) 
had athetoid CP, and 1 (5.3%) had monoparesis. The children 
in the TOET group presented gross motor function classifica-
tion system scores of I (7; 35%), II (6; 30%), and III (7; 35%), 
while the motor function scores in CG were I (7; 36.85%), 
II (7; 36.8%), and III (5; 26.3%). The baseline scores for PTR 
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Table 1. Between-group comparison of scores for pretest repetitions at baseline

Tasks Group Mean ± SD df p 95% CI

Unloaded sit-to-stand
TOET 10.85 ± 3.67

37 0.76 –2.74 to 2.02
CG 11.21 ± 3.66

Forward step-up
TOET 8.90 ± 4.14

37 0.90 –2.43 to 2.76
CG 8.74 ± 3.84

Loaded sit-to-stand
TOET 9.65 ± 4.06

37 0.99 –2.52 to 2.56
CG 9.63 ± 3.756

High stick-stepping
TOET 8.00 ± 4.39

37 0.97 –2.72 to 2.61
CG 8.05 ± 3.78

Circular movement
TOET 4.40 ± 1.85

37 0.88 –1.01 to 1.18
CG 4.32 ± 1.49

Stair climbing and descending
TOET 3.05 ± 1.28

37 0.75 –0.55 to 0.76
CG 2.95 ± 0.62

SD – standard deviation, df – degrees of freedom, CI – confidence interval,  
TOET – task-oriented exercise training program, CG – control group

Table 2. Within-group changes in scores for walking efficiency across the study intervals in the TOET and control group (n = 39)

Groups Variable
Baseline

(mean ± SD)
6th week

(mean ± SD)
12th week

(mean ± SD)
Follow-up

(mean ± SD)
df F p

TOET Walking efficiency
0.6 ± 0.2a 0.8 ± 0.3b 1.00 ± 0.3cd 1.00 ± 0.30d

1.37 122.6 0.0001*
(n = 23) (n = 23) (n = 21) (n = 20)

Control Walking efficiency
0.6 ± 0.2a 0.8 ± 0.3b 0.8 ± 0.3b 0.8 ± 0.3b

1.63 17.49 0.0001*
(n = 23) (n = 21) (n = 20) (n = 19)

Paired t-test post-hoc analysis: items with different superscripts (e.g. Xa and Xb) are significantly different and items with at least one 
same superscript (e.g. Xcd and Xd) are not significantly different. Adjustment for multiple comparisons was performed with the Bonferroni 
correction.
* significant
df – degrees of freedom, TOET– task-oriented exercise training program, n – sample size at a particular study period

were not significantly different between the groups (p > 0.05 
for all), as presented in Table 1. There was no significant cor-
relation between CP type and scores for mobility at different 
time intervals in the TOET group (r: 0.15–0.28; p > 0.05 for 
all). However, the type of CP showed a significant positive 
correlation with mobility scores at the 6th week and 6th week 
of follow-up in CG (r = 0.5; p = 0.03 for all). The sex of chil-
dren with CP had no significant correlation with scores for 
mobility at different time intervals in the TOET group (r: –0.009 
to 0.06; p > 0.05 for all) or CG (r: –0.03 to 0.27; p > 0.05 for 
all). Furthermore, type of CP showed no significant correla-
tion with walking efficiency at different time intervals in the 
TOET group (r: 0.29–0.35; p > 0.05 for all) or CG (r: 0.34–0.41; 
p > 0.05 for all). There was no significant correlation between 
sex and scores for walking efficiency at different time inter-
vals in the TOET group (r: –0.19 to 0.03; p > 0.05 for all) or 
CG (r: 0.19–3.50; p > 0.05 for all).

Changes in scores for walking efficiency  
and mobility across study intervals

There were significant increases in mean scores of walk-
ing efficiency from baseline to the 6th week of follow-up in 
both the TOET group [F(1.37, 26.06) = 122.57; p < 0.0001] 
and CG [F(1.63, 29.40) = 17.492; p < 0.0001] (Table 2). The 

assumption of sphericity was violated, with Mauchly’s test 
being significant in both the TOET group (X2 = 38.76; df = 5; 
p < 0.001) and CG (X2 = 36.63; df = 5; p < 0.001). The Green-
house-Geisser correction was used because of the value of 
 < 0.75 in both cases. The repeated measures ANOVA source 

table for walking efficiency is presented in Table 3. The ad-
justment for multiple comparisons during post-hoc analyses 
was performed with the Bonferroni correction. Also, there 
were significant increases in the scores for mobility from 
baseline to the 6th week of follow-up in both the the TOET 
group ( 2 = 55.6; p = 0.0001) and CG ( 2 = 22.1; p = 0.0001) 
(Table 4).

Between-group comparison of mean scores  
for walking efficiency at different time intervals

There were no significant differences in the scores for 
walking efficiency between the 2 groups at baseline (t = –0.1; 
df = 37; p = 0.94) or at the 6th week (t = –0.1; df = 37; p = 0.92). 
Significant differences were observed in the scores for walk-
ing efficiency between the 2 groups at the 12th week (t = 2.4; 
df = 37; p = 0.02) and after 6 weeks of follow-up (t = 2.4; df = 37; 
p = 0.02) (Figure 2).
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Table 3. Repeated measures ANOVA source table for walking efficiency

Source
Type III sum  
of squares

df Mean square F p

Tests of within-subject effects (TOET group)

Factor 1

Sphericity assumed 2.08 3 0.70 122.57 0.0001*

Greenhouse-Geisser 2.08 1.37 1.52 122.57 0.0001*

Huynh-Feldt 2.08 1.44 1.45 122.57 0.0001*

Lower-bound 2.08 1.00 2.08 122.57 0.0001*

Error (factor 1)

Sphericity assumed 0.32 57 0.01

Greenhouse-Geisser 0.32 26.06 0.01

Huynh-Feldt 0.32 27.41 0.01

Lower-bound 0.32 19.00 0.02

Tests of within-subject contrasts (TOET group)

Factor 1

Linear 1.87 1 1.87 144.34 0.0001*

Quadratic 0.08 1 0.08 68.67 0.0001*

Cubic 0.14 1 0.14 47.46 0.0001*

Error (factor 1)

Linear 0.25 19 0.013

Quadratic 0.02 19 0.001

Cubic 0.06 19 0.003

Tests of between-subject effects (TOET group)

Intercept 57.40 1 57.40 208.56 0.0001*

Error 5.23 19 0.28

Tests of within-subject effects (control group)

Factor 1

Sphericity assumed 0.27 3 0.091 17.492 0.0001*

Greenhouse-Geisser 0.27 1.63 0.167 17.492 0.0001*

Huynh-Feldt 0.27 1.774 0.154 17.492 0.0001*

Lower-bound 0.27 1.000 0.272 17.492 0.001*

Error (factor 1)

Sphericity assumed 0.28 54 0.005

Greenhouse-Geisser 0.28 29.397 0.010

Huynh-Feldt 0.28 31.927 0.009

Lower-bound 0.28 18.000 0.016

Tests of within-subject contrasts (control group)

Factor 1

Linear 0.19 1 0.19 18.74 0.0001*

Quadratic 0.08 1 0.08 26.91 0.0001*

Cubic 0.01 1 0.01 3.23 0.09

Error (factor 1)

Linear 0.18 18 0.01

Quadratic 0.05 18 0.003

Cubic 0.05 18 0.003

Tests of between-subject effects (control group)

Intercept 41.40 1 41.40 170.16 0.0001*

Error 4.38 18 0.24

* significant
TOET– task-oriented exercise training program, df – degrees of freedom; the Greenhouse-Geisser correction  
was reported owing to violation of the assumption of sphericity
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Table 4. Within-group changes in scores for mobility across the 4 periods in the TOET and control group (n = 39)

Groups Variable
Baseline

(mean ± SD)
6th week

(mean ± SD)
12th week

(mean ± SD)
Follow-up

(mean ± SD)
2 p

TOET Mobility
69.15 ± 17.32a 75.54 ± 12.85b 86.16 ± 7.20c 86.70 ± 6.86d

55.8 0.0001*
(n = 23) (n = 23) (n = 21) (n = 20)

Control Mobility
67.03 ± 10.49a 69.0 ± 12.70b 71.09 ± 13.58c 67.47 ± 11.76ab

22.12 0.0001*
(n = 23) (n = 21) (n = 20) (n = 19)

Wilcoxon signed rank post-hoc analysis: items with different superscripts (e.g. a and b) are significantly different and items  
with at least one same superscript (e.g. ab and a) are not significantly different.
* significant
TOET– task-oriented exercise training program, n – sample size at a particular study period

Figure 3. Between-group comparison  
of mean scores for mobility

Between-group comparison of mean scores  
for mobility at different time intervals

Also, there was no significant difference in the scores for 
mobility between the 2 groups at baseline (Z = –0.7; p = 0.52) 
or at the 6th week (Z = –1.8; p = 0.07). Significant between-
group differences were, however, recorded in mobility scores 
at the 12th week (Z = –3.5; p = 0.0001) and after 6 weeks of 
follow-up (Z = –4.4; p = 0.0001) (Figure 3).

Discussion

In this study, the significant change that occurred in the 
scores for walking efficiency after 12 weeks of training implies 
that TOET led to an improvement in the functional perfor-
mance of children with CP, especially with regard to the sig-
nificant increase in the walking speed. The non-significant 
difference in the scores for walking efficiency after 6 weeks 
of follow-up subsequent to the 12-week training indicates 
that the gain recorded in walking efficiency after the practice 
of TOET was retained after training cessation. This result is 
similar to the outcome of a study in which intensive TOET 

Figure 2. Between-group comparison  
of mean scores for walking efficiency

CI – 95% confidence interval of the mean between-
group difference 
TOET – task-oriented exercise training program
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significantly improved walking efficiency and the gain was re-
tained after training cessation [7]. Another study also revealed 
that an intensive regimen of TOET increased walking efficien-
cy in children with a diplegic type of CP [8]. It was, however, 
observed that walking efficiency was not significantly im-
proved after the practice of home-based TOET [4]. Though 
the home-based TOET involved a customized training load 
for each patient, the study did not adequately explain how the 
other components of TOET were utilized for the training.

The possible reason for the similarity in the outcome of 
walking efficiency in this study and those by Blundell et al. [7] 
and Kumar and Ostwal [8] could be that those researchers 
also used a variety of TOET exercises to train movement 
function, whereas the home-based TOET [4] utilized only the 
sit-to-stand and step-up exercise for lower limb training. This 
exercise lacked variety and could therefore have limited the 
ability of children with CP to improve their walking efficiency.

The significant change that was observed in the scores 
for walking efficiency in CG implies that routine physiother-
apy exercises resulted in a significant improvement in walk-
ing efficiency as the participants were able to cover a dis-
tance of 10 metres in a significantly shorter time. However, the 
observation that a significant change occurred in the score 
of walking efficiency between baseline and the 6th week, in 
contrast to any other time point in the study, means that con-
ventional exercises produced a significant improvement in 
walking efficiency mostly within the first 6 weeks of training, 
with a negligible improvement afterwards. The possible im-
plication of this finding is that the greatest gain in walking 
efficiency that may be observed with the practice of routine 
physiotherapy exercise may occur within the first few weeks 
of training, after which there may be very little change in walk-
ing efficiency with continued training.

The finding in this study that there was a significant be-
tween-group difference in the scores for walking efficiency 
only at the 12th week and at the end of the follow-up period 
in favour of the TOET group means that children who received 
TOET presented a significantly better improvement in their 
scores for walking efficiency than those who practised con-
ventional physiotherapy exercises, but only when the train-
ing was conducted beyond 6 weeks. The implication of this 
finding is that TOET will produce a better improvement in 
the walking efficiency of children with CP than the practice 
of conventional exercise only when the training is conduct-
ed beyond 6 weeks. The possible reason for the significant 
improvement that was observed in walking efficiency among 
children who practised TOET when compared with those 
who did conventional exercises could be that in the TOET 
group, the training load was customized and context-specific, 
with active participation and active problem solving, which 
was not the case with the conventional exercise group. The 
outcome of this study on walking efficiency was, however, 
different from the findings of other studies [3, 8]. Contrary to 
the outcome of this study, Liao et al. [3] reported that 18 ses-
sions of added home-based loaded sit-to-stand exercise 
did not produce a significant improvement in walking efficiency 
compared with regular physiotherapy only. The possible rea-
son for the difference in outcome between this study and 
that in which home-based loaded sit-to-stand exercise was 
practised [3] could be that practising sit-to-stand exercises 
alone may not be ‘context-specific’ with regard to the train-
ing of walking function because it could limit the children’s 
abilities to learn a variety of functional task-related exercises 
associated with movement function, such as walking, climb-
ing, running, etc. Furthermore, another differing result was 
obtained in a study in which intensive regimen of TOET was 

not significantly better than proprioceptive neuromuscular 
facilitation for improving walking efficiency [8]. This result may 
have been influenced by fatigue because 24 training ses-
sions in 4 weeks could be very tasking for children with CP. 
This is probably one of the reasons why studies recommended 
distributed practice schedules that are less intensive [14, 
15, 22].

The results obtained in this study show that the scores 
for mobility increased significantly with training among chil-
dren in the TOET group. This implies that TOET resulted in an 
increased ability of children with CP to move from one pos-
tural position to another and from one location to another. This 
improvement recorded during the training was retained 6 
weeks after the training discontinuation. The outcome is prob-
ably due to the fact that TOET provides sufficient opportu-
nities to children with CP to practise activities integrated with 
the everyday environment [39]. This finding is in line with pre-
vious research results where TOET involving circling, random 
movement, and weight-shifting tasks among children with 
congenital hemiplegia led to a significant improvement in the 
trained task and in the symmetry of gait patterns [40]. It was 
similarly reported that TOET was used to improve mobility 
function [6] and balance [6, 25] in children with CP. Further-
more, another study revealed that an 8-week task-oriented 
training that was focused on strengthening the lower extremi-
ties led to a significant improvement in the mobility function 
and postural stability of children with CP [41]. On the contrary, 
Crompton et al. [29] found that group-based lower-limb TOET 
did not produce a significant improvement in the walking 
distance after the intervention or at follow-up, probably be-
cause the group-based training did not use a customized 
training load for each participant, hence the subjects may 
not have achieved the individualized training goals.

The participants in CG experienced a significant improve-
ment in their scores for the mobility function after the prac-
tice of conventional exercise training. However, a significant 
reduction in mobility scores was observed when the training 
was discontinued for 6 weeks, which means that the gain re-
corded in the mobility function after conventional exercises 
was not retained after training cessation. The possible inter-
pretation of this finding is that it may be very challenging for 
children who undergo conventional exercises to retain the 
improvement in mobility when the programme is stopped. 
This would therefore require continuous practice of routine 
physiotherapy exercises to maintain the mobility function in 
children with CP.

It was observed in this study that children who practised 
TOET showed a more significant improvement in their mo-
bility scores than those who practised conventional exercise. 
The negligible between-group difference in scores of mobility 
at the 6th week, which was significant afterwards, implies that 
TOET may lead to a better improvement in mobility than 
conventional exercise when training is conducted beyond 
6 weeks. This outcome is similar to the findings that children 
in the TOET group recorded a significant improvement in the 
gait and balance functions compared with those in the con-
ventional therapy group [28].

Limitations

Block practice was utilized for the training instead of the 
recommended random practice because it is very difficult to 
implement random practice during lower limb TOET, unlike in 
the case of the upper limb. This is therefore a limitation of 
this study.
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Conclusions

TOET is an effective intervention for the improvement of 
functional performance in children with CP. TOET training 
produced sustained improvement of functional performance 
and is more effective than conventional exercise.
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