
Open Journal of Therapy and Rehabilitation, 2018, 6, 95-103 
http://www.scirp.org/journal/ojtr 

ISSN Online: 2332-1830 
ISSN Print: 2332-1822 

 

DOI: 10.4236/ojtr.2018.64009  Nov. 30, 2018 95 Open Journal of Therapy and Rehabilitation 
 

 
 
 

Effects of the Neurodevelopmental Treatment 
(NDT) on the Mobility of Children  
with Cerebral Palsy 

Thomas Besios1, Aggeloussis Nikolaos2, Gourgoulis Vassilios2,  
Mauromatis Giorgos2, Yannis Tzioumakis3, Nikos Comoutos3 

1Department of Physical Education and Sport Science, Democritus University of Thrace, Komotini, Greece 
2Department of Physical Education and Sport Science, Democritus University of Thrace, Orestiada, Greece 
3Department of Physical Education and Sport Science, University of Thessaly, Lamia, Greece 

 
 
 

Abstract 
The purpose of the present study was to examine the effectiveness of the NDT 
method (Bobath) in children with CP. Twenty children with cerebral palsy (7 
with quadriplegia, 6 with diplegia and 7 with right hemiplegia), with mean 
age of 4. 85 ± 2. 49 years, took part in the study. Materials-Method: The chil-
dren participated in an intervention that consisted of an 8-week Bobath pro-
gram. GMFM-88, PEDI and TUG scores were measured across three time 
points during the intervention (a baseline measurement, a second at the end 
of the intervention and a post-intervention measurement one month after the 
end of the intervention). Results: The results of the NDT intervention showed 
that the participant children significantly improved their GMFM-88 and 
TUG scores between initial and final measurement and maintained this one 
month later (F2,36 = 69,778, p < 0.001), while in PEDI the intervention pro-
gram had no statistically significant effect (F2,36 = 0.844, p = 0.438). In conclu-
sion, there is strong evidence of the effectiveness of the NDT (Bobath) 
method in improving the mobility of children regardless of the frequency of 
its application. 
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1. Introduction 

Medical literature provides several definitions describing the condition of Cere-
bral Palsy (CP). Bobath (1965) [1] describes CP as a sensorimotor dysfunction. 
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Specifically, they describe CP “not as a simple illness, but as a set of conditions 
caused by brain damage”. Potential factors accounting for the disorder may be 
sought during intrauterine or perinatal period. Impairments are permanent and 
do not evolve over time. Also, CP leads to motor dysfunction accompanied (but 
not necessarily) by sensory dysfunction [1] (Bobath, 1965). 

One of the most common conditions associated with CP is mental retardation. 
In general, these two conditions tend to co-exist very often, as high risk factors 
associated with motor dysfunction may predispose to mental retardation. In 
spastic diplegia, mental retardation is an accompanying finding in 15% of the 
preterm and in the 45% of the term infants. It is also reported that the severity of 
the sensory disability is associated with more severe forms of impairment. Also, 
the likelihood for severe mental retardation is increased with conditions of CP 
affecting mainly upper limbs [2] (Ferry, 1981). 

Studies have shown that there is an increased likelihood for CP associated with pre-
term infants as well as with low birth weight (<1500 g), [3] (Sommerfelt, 1997) and also 
in twin pregnancies, the CP rate is 9.7 per 1000 births [4] (Jian-meng et al., 2000). 

Odding, Roebroeck and Stam, (2006) [5] report that in first world countries, 
CP rate is 3.3 per 1000 births of living infants, while in lower income countries 
the CP rate is 2.08 per 1000 births. Also, in a Miller and Bachrach (1995) study 
[6], using a strict CP definition, they examined 6,000 infants from 13 geographi-
cally defined populations in Europe from 1980 to 1990 and they found that the 
overall CP rate was 2.08 per 1000 births of living infants. 

The main purpose of the neurodevelopmental treatment approach (NDT-Bobath) 
to children with CP is to provide them with the greatest possible degree of inde-
pendence. Secondary aims of NDT include the prevention of abnormal motor 
patterns and the facilitation of normal motor synergies during every day func-
tional activities [7] (Bly, 1991). 

A wealth of research has found that NDT has positive effects on children with 
CP, although the heterogeneity of these studies does not allow for comparison. 
For instance, we cannot compare single case studies (Palmer, 1990) [8] with stu-
dies with more (e.g.: 2 - 5) participants (DeGangi et al, 1983 [9]; Trahan & Ma-
louin, 2002) [10], and studies with large samples (e.g. 305 participants; Ozgirgin 
& Guler-Uysal, 1998) [11]. Also, the diversity of tests been used to examine CP 
and the large variation in the conduct of studies, is clearly major obstacle in the 
comparison of the results between these studies. 

2. Aim 

The aim of the present study is to examine the effects of NDT (Bobath) on the 
motor ability of children with CP. In addition, we aim to examine whether the 
rate of motor improvement is associated with the frequency of NDT application 
on children with CP. 

3. Sample 

For the examination of test reliability and the effects of NDT (Bobath) on child-
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ren with CP, 20 children with CP (7 with quadriplegia,6 with diplegia and 7 with 
right hemiplegia) participated (Table 1), with mean age of 4.85 (±2.49) years, 
mean height of 1.06 (±0.17) meters and mean weight of 18.58 (±7.50) kilograms. 
The aforementioned children had been diagnosed with CP by a special neurolo-
gist or/and pediatric neurologist. Exclusion criteria were the presence of other 
dysfunctions as learning disabilities, sensory loss, or suffering from other diseas-
es. Participants that had undergone orthopedic surgery had received medication 
that affects spasticity, or had received therapeutic treatment schemes other than 
physiotherapy, were also excluded from the study. The severity levels of CP were 
evaluated with the use of the Gross Motor Function Classification System Level 
(GMFCS). GMFCS tool is used to categorize children with CP into five distinct 
levels, which are based on functional limitations, according to the degree of their 
disability. In addition, these children should be able self-initiated movement or 
assisted (e.g.: hand-held devices) mobility. 

All participants were selected through continuous sampling method, which is 
suitable for similar studies and consists of continuous integration of participants 
(in case the sample is not sufficient before the initiation of the study) during the  

 
Table 1. Clinical characteristics of children with CP (age in years, weight in kgr and 
height in m, disease, GMFCS level). 

CODE AGE WEIGHT HEIGHT SYMPTOMS GMFCS WALKING 

ΤΣ01 2.5 12 0.86 Tetraplegia 2 Independent 

ΧΩ02 7 23 1.25 Diplegia 1 Independent 

ΚΟ03 4 16 1.03 Diplegia 2 Independent 

ΝΕ04 5 13 1.02 Diplegia 1 Independent 

ΣΙ05 7 26 1.24 Hemiplegia 1 Independent 

ΚΩ06 3 11 0.88 Hemiplegia 1 Independent 

ΜΑ07 2 11 0.85 Diplegia 2 Independent 

ΠΑ08 11 23 1.30 Hemiplegia 2 Walking aid 

ΓΙ09 2 11 0.88 Tetraplegia 1 Independent 

ΠΑ10 6 20 1.05 Tetraplegia 2 Walking aid 

ΜΙ11 3 16 0.92 Diplegia 2 Independent 

ΛΟ12 3.5 20 1.02 Hemiplegia 1 Independent 

ΜΙΙ13 9 42 1.51 Tetraplegia 2 Independent 

ΑΡ14 6 17 1.05 Tetraplegia 3 Independent 

ΚΩ15 6 20 1.22 Hemiplegia 1 Independent 

ΠΑ16 3.5 15 0.95 Tetraplegia 2 Independent 

ΤΣ17 5.5 29 1.12 Tetraplegia 2 Independent 

ΝΤ18 3.5 15 1.05 Diplegia 2 Independent 

ΛΑ19 5 18 109 Hemiplegia 1 Independent 

ΦΩ20 2 13 0.92 Hemiplegia 1 Independent 
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conduct of the study. 
Each participant, was randomly categorized to two groups: Lower frequency 

intervention CP group (LFICP) and higher frequency intervention CP group 
(HFICP). Each group consisted of 10 participants. Each participant performance 
was recorded on a classification card and for post-test reliability examination for 
GMFM and TUG tests, a camcorder (JVC mini DV) was used to capture testing 
procedures for all participants. 

4. Materials-Instruments 

Data were obtained with the use of the following instruments: 
1) GMFM-88 (Gross Motor Function Measurement) was used to evaluate 

gross motor function. The GMFM-88 is designed to capture alterations in gross 
motor function in children with CP. The psychometric properties of the 
GMFM-88, in terms of reliability according to studies over the past 16 years, are 
acceptable (Bower & McLellan, 1996; Boyce et al., 1995) [12] [13]. 

2) PEDI (Pediatric Evaluation Disability Involvement) was utilized to evaluate 
disability from a pediatric standpoint. PEDI is a reliable instrument, and results 
are obtained through questions asked to parents in structured interviews. PEDI 
evaluated the ability but also the quality of functional mobility in three life tasks: 
a) Daily activities, b) Mobility, and c) Social/Cognitive. 

3) Timed Up and Go test (TUG) (Podsiadlo et al., 1991) [14]. The test is used 
to determine fall risk and measure the progress of balance, sit to stand, and 
walking. It uses the time that a person takes to rise from a chair, walk across a 
three meters line, turn around at the end of the line, walk back to the chair, and 
sit down. 

Prior to the study, all participant children underwent weekly NDT therapy, 
according to each participant level of disability. The therapy was adapted to the 
condition of each child, and differences were observed only because of the 
GMFCS categorization and not due to different therapeutic techniques. All 
children were treated by NDT accredited physiotherapists with at least five years 
of experience, and with a minimum of 10 years clinical experience. 

5. Procedure 

Children from both groups (LFICP and HFICP), followed two different inter-
vention protocols with Bobath method. LFICP group received a single, one-hour 
intervention (Bobath) each week, and HFICP group received an intensive 
one-hour intervention (Bobath), three times each week. Both interventions had 
the same duration (eight weeks). At the end of the each intervention (T3), the 
participants were tested in GMFM-88, PEDI and Timed up-and-go for a second 
time, and one month after the completion of the interventions, all participants 
were tested with the same instruments for a third time, to examine the degree to 
which intervention effects were retained. The performance of all participants 
was recorded and for the GMFM and TUG tests, testing procedures for all par-
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ticipants for all attempts, were also videotaped with a camcorder (JVC mini 
DV). 

6. Results 

A two-way ANOVA for repeated measures was conducted to examine the effects 
of the intervention, with “time” as the repeated factor (T1, T3 & T4) and the 
grouping of the participants (LFICP and HFICP) as the independent variable. 
For multiple comparisons of the means we used the Bonferonni test. Level of 
significance was set to 0.05. 
• GMFM-88 

Table 2 presents means and standard deviations of the scores for LFICP and 
HFICP groups in GMFM-88 scale. 

The results of the two-way ANOVA (3 × 2) with repeated measures on “time” 
and “group” (LFICP and HFICP) as an independent variable, showed no signif-
icant interaction between “measurement (time)” and “group” (F2,36 = 3858, p = 
0.055). On the other hand, we found a significant main effect for “measurement 
(time)” (F2,36 = 69,778, p < 0.001), but no significant effect for “group” (F1,18 = 
0.032, p = 0.0860). Moreover, Bonferonni multiple comparisons test revealed 
significant differences between baseline and follow-up measurement (p < 0.001), 
but no significant difference between post-test and follow-up measurement (p = 
0.955). 

So, as the results revealed, the participant children significantly improved 
their GMFM-88 scores between baseline and follow-up measurement a month 
later. Therefore, the intervention had a positive effect on GMFM-88 scores, re-
gardless of the frequency of its application. 
• PEDI 

Table 3 presents means and standard deviations of the scores for LFICP and 
HFICP groups in PEDI scale. 

 
Table 2. Means (±SD) of GMFM-88 scale scores, for LFICP group and HFICP group in 
baseline, post-test and follow-up measurement. 

Measurement HFICP LFICP Total 

Baseline 69.69 ± 23.22 69.96 ± 28.45 69.83 ± 25.27 

Post-test 79.34 ± 22.14 75.47 ± 26.18 77.40 ± 23.68 

Follow-up 78.83 ± 22.01 76.51 ± 25.94 77.67 ± 23.44 

 
Table 3. Means (±SD) of PEDI scale scores, for LFICP group and HFICP group in base-
line, post-test and follow-up measurement. 

Measurement HFICP LFICP Total 

Baseline 62.80 ± 25.41 70.30 ± 27.15 66.55 ± 25.87 

Post-test 62.90 ± 25.41 75.47 ± 27.31 66.55 ± 25.95 

Follow-up 62.80 ± 25.41 70.60 ± 27.29 66.70 ± 25.97 
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The results of the two-way ANOVA (3 × 2) with repeated measures on “mea-
surement (time)” (baseline, post-test and follow-up measurement) and “group” 
(LFICP and HFICP) as independent variable, showed no significant interaction 
between “measurement (time)” and “group” (F2,36 = 1781, p = 0.183). We also 
found a non-significant main effect for “measurement (time)” (F2,36 = 0.844, p = 
0.438), and for “group” (F1,18 = 0.409, p = 0.531). 

So, the results indicated that participant children in neither group improved 
their PEDI scores between baseline and post-test measurement, as well as be-
tween baseline and follow-up measurement. Therefore, the intervention had no 
significant effect on PEDI scores, neither in LFICP nor in HFICP group. 
• TUG 

Table 4 presents means and standard deviations of the scores for LFICP and 
HFICP groups in TUG scale. 

The results of the two-way ANOVA (3 × 2) with repeated measures on “mea-
surement (time)” (baseline, post-test and follow-up measurement) and “group” 
(LFICP and HFICP) as independent variable, showed no significant interaction 
between “measurement (time)” and “group” (F2,36 = 0.017, p = 0.984). On the 
other hand, we found a significant main effect for “measurement (time)” (F2,36 = 
11,827, p < 0.001), but no significant main effect for “group” (F1,18 = 0.211, p = 
0.652). Moreover, Bonferonni multiple comparisons test revealed significant 
differences between baseline and post-test (p < 0.01), between baseline and fol-
low-up measurement (p < 0.01), between post-test and follow-up measurement 
(p < 0.05). 

So, as the results revealed, participant children in both groups significantly 
improved their TUG scores between baseline and post-test measurement and 
also between post-test and follow-up measurement. Therefore, the intervention 
had a positive effect on GMFM-88 scores, regardless of the frequency of its ap-
plication. 

So, the results indicated that participant children in neither group improved 
their PEDI scores between baseline and post-test measurement, as well as be-
tween baseline and follow-up measurement. Therefore, the intervention had a 
positive effect on TUG scores for both groups, regardless of the frequency of its 
application. 

7. Discussion 

In the present study we investigated the effects of NDT-Bobath method in  
 

Table 4. Means (±SD) of TUG scale scores, for LFICP group and HFICP group in base-
line, post-test and follow-up measurement. 

Measurement HFICP LFICP Total 

Baseline 16.39 ± 10.52 18.47 ± 14.94 17.43 ± 12.62 

Post-test 12.18 ± 7.73 14.27 ± 12.01 13.22 ± 9.89 

Follow-up 11.16 ± 7.35 13.59 ± 12.07 12.38 ± 9.80 
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children with CP. The results indicated that in both groups (LFICP and HFICP), 
participant children significantly improved their GMFM-88 scores between 
baseline and post-test measurement, and the positive effects of the intervention 
remained also during follow-up measurement, a month later (F2,36 = 69,778, p < 
0.001). Therefore, the intervention program had a positive impact, in terms of 
GMFM-88 scoresregardless of the frequency of its application (F1,18 = 0.032, p = 
0.0860). The findings of the present study are in line with previous studies indi-
cating improvement in gait characteristics (Adams et al., 2000) [15], improve-
ment in GMFM scores after an NDT intervention (Knox & Evans, 2002) [16], 
improved balance, posture and gait (Ozgirgin et al., 1998) [11] and positive ef-
fect on gait on a case study (Palmer et al., 1990) [17]. Trahan and colleagues 
(2002) [10] reported that a four-week therapeutic scheme that was implemented 
four times per week resulted in improved GMFM scores, contrary to our find-
ings. Tsorlakis et al., (2005) [18], in a NDT intervention, reported an outstand-
ing improvement in the functional abilities in the GMFM scores for children in 
both teams, especially for the children in the HFICP group (5 times a week im-
plementation), which also contrasts our findings. Also, in another study (Hern-
don et al., 1987) [19], the mobility of children with CP was not significantly im-
proved. These results, obviously refer to a study where the NDT method was still 
in a developing stage, in contrast to current advancements. 

As for TUG scores, the results indicate improved performance for children in 
both groups between baseline and post-test measurement, as well as between 
post-test and follow-up measurement, one month later (F2,36 = 11,827, p < 
0.001). This finding indicates that the intervention program had a positive effect, 
in terms of TUG scores, regardless of the frequency of its application (F1,18 = 
0.211, p = 0.652). Our findings are in line with the results of a recent study 
(Gonca et al., 2017) [20], that reported in a NDT intervention improved strength 
in all torso muscle groups compared with baseline measurement (p < 0.05). The 
findings of this study underline the contribution of exercises targeting torso 
strengthening in the improvement of mobility in children with CP. 

Our study also reported no significant improvement in PEDI scores, neither 
between baseline and post-test measurement, nor between baseline and fol-
low-up scores (F2,36 = 0.844, p = 0.438). Therefore, the intervention program had 
no significant effect for neither HFICP nor for LFICP group (F1,18 = 0.409, p = 
0.531). The findings are in line with previous study (Knox & Evans, 2002) [16] 
which examined the effects (baseline, post-test and follow-up) of NDT interven-
tion in terms of GMFM and PEDI scores. They reported significant improve-
ments in GMFM scores but no significant effects for PEDI scores. On the other 
hand, the findings of our study contrast the findings of another study (Ketelaar 
et al., 2001) [21], which reported, after a NDT intervention, improvements in 
daily activities in terms of PEDI scores, but no significant effects in motor im-
provement in terms of GMFM scores. Future similar studies should focus on re-
cruiting larger samples of both children with CP and raters for the evaluation of 
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children’s’ performance and scores, but investigators should also consider re-
cruiting experienced physiotherapists that will apply specific therapeutic proto-
cols with great degree of consistency across all participant children with CP. 

8. Conclusion 

The findings of the present study revealed that NDT method may well improve 
the mobility of children with CP, regardless of the frequency of its application 
(Adams et al., 2000 [15]; Knox et al., 2002 [16]; Palmer et al., 1988 [17]), while 
the present results are in contrast with studies reporting that the effectiveness of 
the NDT intervention is proportional to the frequency of its application (Tsorla-
kis et al., 2004 [18]; Trahan et al., 2002 [10]). 

Limitation of the Study 

1) As to the sample: the sample was only from a small city of Trikala in Greece 
as the investigation was carried out there. 

2) The Bobath intervention program was carried out from two different phy-
siotherapists. 
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