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Summary

Study aim: The aim of this study was to compare the outcomes of a study of post-stroke gait reeducation using the Bobath 
neuro-developmental treatment (NDT-Bobath) method and the traditional approach.
Material and methods: The study included 30 adult patients after ischemic stroke, aged 32–82. Patients were randomly assigned 
to one of the treatment groups: the study group (treated with the NDT-Bobath method combined with the traditional approach, ten 
sessions), and a reference group (treated with the traditional method only, ten sessions). The measurements (spatio-temporal gait 
parameters based on 10 m walking test: gait velocity, normalized gait velocity, cadence, normalized cadence, stride length, and 
normalized stride length) were administered twice: on admission (before the therapy) and after the last therapy session.
Results: Statistically significant and favorable changes in the gait velocity, cadence and stride length regarding their normal-
ized values were observed. Moderate and high correlations among changes of assessed spatio-temporal gait parameters were 
observed in both groups.
Conclusions: The NDT-Bobath method may be regarded as a more effective form of gait post-stroke rehabilitation in young 
adults compared to traditional rehabilitation.

Keywords: Rehabilitation – Stroke – Gait re-education – Gait analysis – Normalized parameters of 
gait – NDT-Bobath

Introduction

Despite stroke incidence and mortality rates slowly de-
creasing in selected countries (especially developed West-
ern Europe countries) [6, 7], stroke is still regarded as one 
of the leading causes of death and long-term disability. 
Ischemic stroke cases constitute approximately 70–80% 
of all stroke cases [6, 7]. Post-stroke gait disorder reduces 
mobility of patients, their independence, participation in 
activities of daily living and community life. Gait disor-
ders may be reflected in spatio-temporal gait parameters. 
Their assessment may be a useful basic or supplementary 
way to assess general efficiency of gait function restora-
tion during a neurorehabilitation program.

The Bobath neuro-developmental treatment (NDT-
Bobath) method for adults is still one of the most popu-
lar therapeutic methods in neurorehabilitation, including 

gait relearning [8, 21]. Current studies concerning its 
use in post-stroke gait relearning have methodological 
concerns related to study/treatment fidelity and measure-
ment [16]. For this moment there is insufficient evidence 
(especially from randomized controlled trials – RCTs) 
to conclude that a particular physiotherapy method (in-
cluding  NDT-Bobath) is more effective in promoting re-
covery of gait than any other approach. Moreover, com-
bined use of NDT-Bobath and components of any other 
approaches may diminish the aforementioned picture. 
The assumption that rehabilitation using a proper mix of 
components derived from different approaches may be 
more effective than no treatment control in attaining gait 
function following stroke may be true [18]. Research on 
various mixed/eclectic approaches constitute an important 
step toward patient-tailored therapy and the need for fur-
ther support. Current evidence concerning combined use 
of the  NDT-Bobath method and components of another 
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therapeutic approach is weak. Evidence of favorable com-
bined use of the  NDT-Bobath method is as follows:
−	 successful use of mixed rehabilitative procedures, in-

cluding NDT-Bobath, in an individual training packa-
ge [17],

−	 therapy based on the NDT-Bobath concept supported 
by task practice is more effective than task practice 
alone [9],

−	 injection of botulinum toxin type A combined with 
NDT-Bobath therapy showed improvements in lower 
limb spasticity, gait and balance in post-stroke patients 
greater than use of botulinum toxin type A alone [11].
The aim of this study was compare the outcomes of 

a study of post-stroke gait rehabilitation using the NDT-
Bobath method for adults combined with the traditional 
approach and the sole traditional approach.

Material and methods

The study design was pre test/post test control.

Material
The research was conducted among 30 adult patients 

after ischemic stroke. Patients were randomly assigned to 
one of the following treatment groups: 
− study group (treated with NDT-Bobath method combi-

ned with traditional approach, n = 15),

− reference group (treated with traditional method only, 
n = 15).
The patients’ flow diagram is presented in Figure 1.
Inclusion criteria were:

− age above 18 years old,
− diagnosis: ischemic stroke, 
− time after ischemic stroke from four weeks to three 

years, 
− lack of contraindications to rehabilitation,
− ability to walk. 

Exclusion criteria were:
− age below 18 years old,
− diagnosis: hemorrhagic stroke or transient ischemic at-

tack (TIA),
− time after ischemic stroke below four weeks or above 

three years, 
− contraindications to rehabilitation, and lack of ability 

to walk.
A summary of the patients’ overall profile is presented 

in Table 1.
This study was conducted in accordance with the Dec-

laration of Helsinki and the guidelines for Good Clinical 
Practice (GCP). Written informed consent was obtained 
from every patient prior to this study. 

Methods
The ten-meter walking test (10MWT) was used to as-

sess main spatio-temporal gait parameters: gait velocity, 

Assessed for eligibility (n = 35)

Excluded  (n = 5) 
– Not meeting inclusion criteria (n = 5) 
– Declined to participate (n = 0)
– Other reasons (n = 0) 

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0)

Allocated to intervention (n = 15) 
– Received allocated intervention (n = 15)  
– Did not receive allocated intervention (n = 0)   

Analysed  (n = 15)
– Excluded from analysis (n = 0)  

ENROLLMENT

Lost to follow-up (n = 0)
Discontinued intervention (n = 0) 

Allocated to intervention (n = 15)
– Received allocated intervention (n = 15) 
– Did not receive allocated intervention (n = 0)   

Analysed  (n = 15)
– Excluded from analysis (n = 0) 

ALLOCATION  

FOLLOW-UP

ANALYSIS

Study group
(traditional +NDT-Bobath)

Reference group
(traditional approach only)

Randomized (n = 30)
Randomization:  
sequentially numbered containers 

Fig. 1. Patient’s flow diagram
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normalized gait velocity, cadence, normalized cadence, 
stride length, and normalized stride length. The test was 
recorded using a digital video camera and analyzed both 
in real time (where available) and post-hoc to achieve va-
lidity and reliability of assessment.

Use of normalized values may strengthen evidence 
of the compartmental study. Anterior superior iliac spine 
(ASIS) to the medial malleolus distance (leg length) was 
measured in each patient and was used to calculate nor-
malized values. 

Methodological concerns related to fidelity and meas-
urement within studies incorporating the NDT-Bobath 
method mentioned by Vaughan-Graham et al. [21] and Paci 
[16] have been improved thanks to the following solutions:
− measurements (with recording) were performed in eve-

ry patient twice: on admission (before the therapy) and 
after the last session of the therapy,

− each patient underwent the same number of therapeutic 
sessions (ten) through two weeks (ten days of the the-
rapy),

Parameter Study group
n = 15 (100%)

Reference group
n = 15 (100%)

Age [years]:
mean
SD
min
Q1
median (Q2)
Q3
max

54.85
12.77

32
46

54.5
65
77

52.5
13.29

36
48

56.5
66.5
82

ASIS to the medial malleolus distance [m]:
mean
SD
min
Q1
median (Q2)
Q3
max

0.8
0.05
0.72
0.76
0.78
0.84
0.91

0.8
0.06
0.71
0.75
0.79
0.83
0.87

Height [m]:
mean
SD
min
Q1
median (Q2)
Q3
max

1.71
0.06
1.55
1.66
1.71
1.75
1.83

1.7
0.05
1.58
1.64
0.7
1.74
1.79

Gender:
F
M

7 (46.67%)
8 (53.33%)

6 (40%)
9 (60%)

Side of paresis: 
L
R

8 (53.33%)
7 (46.67%)

7 (46.67%)
8 (53.33%)

Time after CVA [weeks]:
mean
SD
min
Q1
median (Q2)
Q3
max

52.25
13.47

5
29
59
103
153

57.21
16.02

7
31
61
109
155

Table 1. Patients’ overall profile
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− all measurements were administered by the same scien-
tist,

− all patients completed the measures in the same condi-
tions,

− therapy was conducted by the same physical therapist 
with more than fifteen years of experience in neurore-
habilitation, and NDT-Bobath skills confirmed by ba-
sic and advanced courses in NDT-Bobath for adults, 
and additionally, to broaden knowledge and experience 
in the NDT-Bobath approach, by NDT-Bobath for chil-
dren and NDT-Bobath Baby courses.
There is an assumption that rehabilitation effects have 

been reflected by changes of assessed parameters. Such 
detailed description of the study is important for replica-
tion purposes, compartmental studies or further develop-
ment of the proposed methodology [16].

Statistical analysis
All data were collected and stored using the MS Ex-

cel 2013 software. The Shapiro-Wilk test was used to 
assess normality of the data distribution. Mean, stand-
ard deviation (SD), minimum value (min), Q1, median 
(Q2), Q3, and maximum value (max) were calculated 
where possible to show the results of this study. To 
assess the dynamics of changes within and between 
groups ANOVA and post-hoc tests (to provide further 
details after an analysis of variance) were used to com-
pare scores. Change of parameters before/after therapy 

was calculated as a result of subtraction. Spearman’s rho 
was used to assess correlations among changes of pa-
rameters.

Statistical analysis was performed using IBM SPSS 
Statistics 23. 

The level of significance of p < 0.05 was assumed.

Results

The results are presented in Tables 2–4.
Mixed ANOVA was used, with number of measure 

(I: on admission, II: at discharge) as the within-subjects 
factor, and treatment (study group, reference group) as the 
between-subjects factor.

Statistically significant and favorable changes in the 
gait velocity, cadence and stride length and their normal-
ized values were observed in both groups (within groups 
and between groups). Aforementioned changes were high-
er in the study group; thus NDT-Bobath combined with 
the traditional approach may be perceived as more effec-
tive than the traditional approach alone.

Moderate and high correlations among changes of as-
sessed spatio-temporal gait parameters were observed. 
There was observed no statistically significant correlation 
between cadence and stride length and normalized stride 
length; thus we may regard aforementioned parameters in-
dependent in the study group.

Value
Parameter

Gait 
velocity Cadence Stride 

length
Normalized
gait velocity

Normalized
cadence

Normalized
stride length

Changes  
in study 
group

Mean 0.35 17.75 0.39 0.11 0.09 0.54
SD 0.08 4.12 0.11 0.04 0.02 0.17
Min 0.03 5 0.11 0.02 0.02 0.14
Q1 0.19 10.75 0.25 0.07 0.05 0.34
Median 0.42 19 0.4 0.11 0.08 0.55
Q3 0.57 39 0.72 0.16 0.17 0.78
Max 0.71 62 1.22 0.24 0.32 1.09

Changes 
in reference 
group

Mean 0.17 12.24 0.23 0.05 0.06 0.2
SD 0.04 3.21 0.06 0.02 0.02 0.06
Min 0.01 2 0.05 0.02 0.01 0.05
Q1 0.07 6.5 0.13 0.03 0.03 0.11
Median 0.15 12.5 0.2 0.05 0.06 0.17
Q3 0.32 26.5 0.31 0.13 0.16 0.27
Max 0.63 51 0.57 0.22 0.29 0.49

Table 2. Statistically significant changes of parameters in both groups

Test for difference: ANOVA.
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Moderate and high correlations among changes of as-
sessed spatio-temporal gait parameters were observed. 
There was observed no statistically significant correlation 
between cadence and stride length and normalized stride 
length and normalized cadence and normalized stride 
length, comparing between normalized cadence and nor-
malized stride length; thus we may consider the aforemen-
tioned parameters independent in the study group.

Correlations within the ref-erence group were sig-
nificantly lower than respective correlations in the study 
group.

Discussion

Although numerous problems relating to proper gait 
relearning in adult post-stroke patients have been ex-
plained, there is still no prevailing neurorehabilitation ap-
proach. Outcomes of RCT-based compartmental studies 

in post-stroke gait rehabilitation of adult patients require 
further research and in-depth analysis.

Greater changes before/after therapy in all meas-
ured parameters were observed in the study group. This 
strengthens the evidence that NDT-Bobath combined with 
a traditional approach is more effective than a traditional 
approach alone in post-stroke gait rehabilitation. How-
ever, we consider this a pilot study due to the following 
limitations:
− limited sample of patients (n=30),
− only immediate results of the rehabilitation were asses-

sed.
On the other hand, the proposed methodology may 

help eliminate sources of potential bias or imprecision 
mentioned by other scientists and clinicians. Generali-
zation and applicability of the study findings cause that 
the presented outcomes may be applied in the clinic right 
away, strengthening the position of the NDT-Bobath 
method in gait neurorehabilitation in post-stroke adults. 

Table 3. Correlations of changes in study group

Cadence Stride length Normalized gait velocity Normalized cadence Normalized stride length

Gait velocity 0.599
p = 0.012

0.676
p = 0.029

0.729
p = 0.016

0.589
p = 0.017

0.629
p = 0.014

Cadence – n.s. 0.669
p = 0.011

0.779
p = 0.017 n.s.

Stride length – 0.712
p = 0.004

0.556
p = 0.022

0.545
p = 0.013

Normalized 
gait velocity – 0.699

p = 0.037
0.657

p = 0.014
Normalized 
cadence – 0.588

p = 0.034

n.s. – not significant.

n.s. – not significant.

Table. 4. Correlations of changes in reference group

Cadence Stride length Normalized gait velocity Normalized cadence Normalized stride length

Gait velocity 0.512
p=0.021

0.578
p=0.014

0.728
p=0.022

0.613
p=0.011

0.498
p=0.029

Cadence - n.s. 0.522
p=0.012

0.701
p=0.011 n.s.

Stride length - 0.513
p=0.027

0.488
p=0.012

0.712
p=0.044

Normalized 
gait velocity - 0.611

p=0.012
0.411

p=0.012
Normalized 
cadence - n.s.
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Thus it seems that the benefits and limitations of the study 
are balanced.

A further randomized study is planned to assess chang-
es of the assessed parameters in three groups (traditional, 
NDT-Bobath, combined) in a bigger sample, with as-
sessment of the long-term rehabilitation-related changes. 
There is also a need for in-depth analysis of predictors of 
recovery such as functional status (outcomes of clinimet-
ric tests) on admission, age, gender, time after CVA, side 
of paresis, body mass index (BMI), etc. Also helpful may 
be improved novel methodology including semi-automat-
ic gathering of parameters from digital files and assessing 
additional parameters, e.g. asymmetry patterns [13].

Compartmental BAS studies concerning the NDT-Bo-
bath for adults method in gait rehabilitation are rare. The 
study by Kılınç et al. (2016) provided evidence that NDT-
Bobath-based rehabilitation improved walking ability in 
post-stroke patients more than traditional therapy [5]. The 
limited evidence (due to lack of a reference group) of ef-
ficiency of the NDT-Bobath method in gait reeducation in 
adult post-stroke patients was described previously in sev-
eral studies [1, 5, 10, 12–15, 19]. Results described in this 
article are similar to the aforementioned, but constitute 
stronger evidence. Gait ability is influenced by standing 
balance and trunk balance [19]. The NDT-Bobath method 
proved to improve the balance of the body better than the 
proprioceptive neuromuscular facilitation (PNF) method; 
moreover, its efficiency did not depend on hand paresis 
[3]. Further evidence concerning improvement in walking 
long distances on different surfaces and around obstacles 
after 3 weeks of NDT-Bobath rehabilitation in post-stroke 
patients was provided by Benito Garcia et al. [1]. On the 
other hand, the motor relearning program (MRP) was 
more effective than the NDT-Bobath approach in acute 
rehabilitation of patients with stroke [2]. Improvement of 
gait ability in the group of patients with post-stroke hemi-
paresis treated with the NDT-Bobath method was assessed 
as similar to outcomes of robot-based therapy [4].

No important harm or unintended effects were ob-
served.

Conclusions

NDT-Bobath combined with the traditional approach 
may be regarded as more effective than the traditional 
approach alone in post-stroke gait rehabilitation. More 
statistically significant and favorable changes in the gait 
velocity, cadence and stride length regarding their nor-
malized values were observed in the group treated with 
the NDT-Bobath combined with the traditional approach. 
Moderate and high correlations among changes of as-
sessed spatio-temporal gait parameters were observed in 

both groups, but they were higher in the group treated with 
NDT-Bobath combined with the traditional approach.

Recommendation: There is a need for further research 
developing the methodology presented in the described pi-
lot study.

Conflict of interest: Authors state no conflict of interest.
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