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Abstract
Introduction:Introduction: Recently, in various systematic reviews and evidence-based clinical practice guidelines, the efficacy of stroke re-
habilitation interventions has been evaluated. Among them, proprioceptive neuromuscular facilitation (PNF) and neuro-devel-
opmental treatment (NDT) Bobath turned out to be effective and widely used therapeutic approaches.
Objective of the work:Objective of the work: The aim of the study was to evaluate therapeutic effectiveness of the PNF and NDT Bobath concepts 
for improvement of trunk motor control in patients after ischemic stroke.
Materials and methods:Materials and methods: The study consisted of 30 patients up to 3 months after ischemic stroke. Participants were randomly 
assigned to 2 study groups. Both groups consisted of 15 patients who underwent rehabilitation according to the PNF or NDT 
Bobath concept. Comparison of the changes in Trunk Impairment Scale (TIS) was the primary outcome.
Results:Results: Analysis of values for the total TIS scale showed statistically significant improvement in both groups. Within-group 
analysis showed statistical significance among baseline and intermediate measurements, as well as for baseline and final meas-
urements within both groups. Analysis of the total TIS scale indicators between the PNF and Bobath groups showed no statis-
tically significant differences.
Conclusions:Conclusions: Both the PNF and Bobath concepts have proven to be effective in the treatment of posture control and signifi-
cant improvement has been noted in patients from both groups.

Słowa kluczowe
NDT Bobath, PNF, udar, rehabilitacja

Streszczenie
Wprowadzenie:Wprowadzenie: W ostatnim czasie różne przeglądy literatury i wytyczne dotyczące praktyki klinicznej oparte na dowodach 
naukowych oceniły skuteczność interwencji w zakresie rehabilitacji udaru mózgu. W badaniach tych oceniono efekty proprio-
ceptywnego torowania nerwowo-mięśniowego PNF oraz koncepcji NDT Bobath, uznając te dwie metody jako skuteczne i sze-
roko stosowane w podejściu terapeutycznym.
Cel pracy:Cel pracy: Celem pracy była ocena skuteczności terapeutycznej koncepcji PNF i NDT Bobath w poprawie kontroli motoryki 
tułowia u chorych po udarze niedokrwiennym.
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Materiały i metody: Badaniami objęto 30 pacjentów w okresie do 3 miesięcy po udarze niedokrwiennym. Uczestników przy-
dzielono losowo do dwóch grup badanych. Obie grupy składały się z 15 pacjentów poddanych rehabilitacji zgodnie z kon-
cepcją PNF lub NDT Bobath. Podstawowym wynikiem było porównanie zmian parametrów badanych przy użyciu skali TIS 
(Trunk Impairment Scale).
Wyniki: Analiza wartości łącznej skali TIS wykazała istotną statystycznie poprawę w obu grupach. Analiza wewnątrzgrupowa 
wykazała istotność statystyczną pomiędzy pomiarem wstępnym i pośrednim wykonanym po 5 dniach oraz pomiędzy pomia-
rem wstępnym i końcowym w obu grupach. Analiza wartości łącznej skali TIS pomiędzy grupami PNF i Bobath nie wykazała 
różnic istotnych statystycznie.
Wnioski: Zarówno koncepcje PNF jak i Bobath okazały się skuteczne w terapii kontroli postawy ciała. Nastąpiła znaczna po-
prawa w badanych parametrach u pacjentów z obu grup. 

INTRODUCTION

Stroke accounts for approximately 
6 million of deaths worldwide each 
year1. It is one of the most devastat-
ing neurologic diseases, often result-
ing in severe disability. The physi-
cal consequences of stroke related to 
motor impairment result in function-
al reduction of muscle control or mo-
bility. The repercussions of a stroke 
may also be related with evolvement 
of cognitive impairment2. However, 
other non-cognitive symptoms may 
also occur following stroke, such as 
depression, anxiety, apathy, some-
times fatigue, and reduction of quali-
ty of life3. Most frequent disorders in 
patients after stroke result in the for-
mation of hemiparesis or hemiplegia 
of the upper and lower limb, includ-
ing trunk control4. 

The rehabilitation process aims 
to restore lost function. The correct 
mechanism of postural control plays 
an essential role in performance of 
selective limb movements, thus, the 
principles of motor control need to 
be applied to trunk rehabilitation. 
An example of a diagnostic tool used 
to assess trunk function may be the 
Trunk Impairment Scale (TIS)4. This 
scale enables assessment of the pa-
tient in a sitting position so it is very 
useful in the initial period when the 
patient is not able to stand and/or 
walk. 

Recently, various systematic re-
views5-7 and evidence-based clinical 
practice guidelines8 have been im-
plemented to evaluate the efficacy of 
stroke rehabilitation interventions. 
Among them, proprioceptive neuro-
muscular facilitation (PNF) and neu-
ro-developmental treatment (NDT) 
Bobath are effective and widely used 
therapeutic approaches9,10. PNF in-

creases performance, along with 
range of motion. While, the NDT 
Bobath concept is used to underline 
the role of postural stability.

OBJECTIVES

The aim of the study was to evaluate 
therapeutic effectiveness of the PNF 
and NDT Bobath concepts for im-
provement of trunk motor control in 
patients after ischemic stroke.

MATERIAL AND METHODS

Patients

The study consisted of 30 patients 
up to 3 months after ischemic 
stroke. The participants were ran-
domly assigned to 2 study groups ac-
cording to the simple block rando-
misation technique (computerised 
random numbers). The randomisa-
tion sequence was generated at the 
beginning of the trial using a com-
puterised block randomisation gen-
erator (randomization.com). The al-
location sequence was concealed 
from the principal investigator en-
rolling patients in sequentially num-
bered, opaque and sealed envelopes. 
Single blind randomisation was ap-
plied to assessors, assuring blind-
ness to treatment allocation and 
randomisation procedures. The PNF 
group comprised 15 patients who 
underwent rehabilitation according 
to the PNF concept. The NDT Bo-
bath group included 15 patients sub-
jected to rehabilitation according to 
the NDT Bobath concept. All pa-
tients signed written informed con-
sent prior to their participation in 
the study. The collection of data was 

managed and protected by the re-
search team and hospital staff mem-
bers. The research was conducted at 
the Department of Nurorehabilita-
tion of the Public Hospital in Chr-
zanów, within the period from Oc-
tober 2017 to February 2018. The 
inclusion criterion were as follows: 
cardiovascular stability, self-main-
taining seated position in a wheel-
chair, Mini-Mental State Examina-
tion score <24, signed consent form 
to participate in the study. Exclusion 
criteria included: aphasia, neglect 
and/or other spatial representation 
defects, cardiovascular instability, 
arrhythmias, myocardial infarction, 
other neurological diseases, chronic 
inflammatory disease, fractures, am-
putation. Age, sex, BMI, post-stroke 
time and hemiplegic-side character-
istics were similar for the PNF and 
Bobath groups (p<0.05).

Outcome measures

The comparison of the changes on 
the Trunk Impairment Scale was the 
primary outcome. The TIS was de-
signed to assess static and dynamic 
balance, as well as coordination of in-
dividual trunk sections. According to 
the ICF, the TIS is used for evaluation 
at the level of body structure, func-
tion and activity. The difficulties of 
the tasks arise progressively. Exami-
nation is based on observation, quan-
titative and qualitative assessment of 
motor tasks performed independent-
ly by the patient. Individual tasks are 
performed in the same starting posi-
tion. Possible scores range from 0 to 
23 points. A higher score indicates 
better trunk performance. Patients 
must be able to sit independently for 
10 seconds to be tested4,11.
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Intervention

Participants were assessed via the TIS 
scale before and after 10 days of the 
neuro rehabilitation programme (Fig-
ure 1). The time of a single therapeu-
tic session with the PNF or Bobath 
methods was 50 minutes per day. 
Therapy was performed by a thera-
pist certified in the usage of PNF and 
Bobath concepts. Patients from both 
groups were additionally stimulated 
by standard, 100-minute daily phys-
ical therapy, including the following 
exercises: passive, active-passive, iso-
metric, manual, self-care, motor co-
ordination, respiratory, learning lo-
comotion activities.

The PNF Concept. PNF therapy 
was carried out in accordance with 
the philosophy of the method and 
principles of facilitation, such as: re-
sistance, irradiation and reinforce-
ment, traction and approximation, 
stretching, movement patterns, man-
ual, verbal, visual contact, correct po-
sition and the therapist’s body posi-
tion. The therapy was carried out 
in sitting and standing, supine and 
side-lying position. Focus was on the 
shoulder and pelvic patterns, as well 
as their combinations in the rota-
tion trajectory. Chopping, lifting, ro-
tation of the upper and lower trunk 

were used in work with the trunk. 
Stabilisation and balance exercises 
were carried out on a kinesiothera-
py couch and rehabilitation ball. The 
following techniques were applied: 
rhythmic initiation, dynamic rever-
sals, combination of isotonics, stabi-
lising reversals, rhythmic stabilisation 
and replication12.

The NDT Bobath concept. Rehabil-
itation according to the Bobath Con-
cept for adults was carried out in ac-
cordance with the principles, the ob-
servance of which ensures effective-
ness of this method: time to start 
the therapy, 24-hour therapy princi-
ple, adjustment of assistance degree, 
pain-free therapy, regulation of mus-
cle tension, therapy taking the affect-
ed side into account and balance de-
velopment. The therapy involved 
a number of manual interventions 
through key control points (trunk, 
pelvis, shoulder, hip and head). Fa-
cilitation and assistance techniques 
were used to support muscle activ-
ity as well as inhibition to maintain 
and control movement and posture. 
Stretching the contracted muscle 
structures was performed following 
the proper sequence of movement: 
alignment of body segments, muscle 
activation, support of body weight 
transfer. The therapy was carried out 

in supine and side-lying positions, sit-
to-stand and stand-to-sit exercises. 
The therapy was conducted using the 
Bobath rehabilitation table, while in 
sitting position, a rehabilitation ball 
was used13.

Statistical Analysis

The outcome data were collected in 
an Excel spreadsheet and then trans-
ferred to the STATISTICA 13 pro-
gram for statistical analysis. The nor-
mality of sample size distribution was 
tested with Shapiro-Wilk test. Para-
metric tests were used. The Faction-
al ANOVA was applied to assess dif-
ferences in the value of results. Sta-
tistical significance of the results was 
accepted at p<0.05. The G*power 
3.1.7 software was implemented 
to calculate sample size. Calcula-
tion was based on ANOVA, repeat-
ed measures, within factors, type I er-
ror rate was set at 5% (alpha-level if 
0.05), the effect size of the main out-
comes was 0.2, and the type II error 
rate gave 90% power, 1 groups and 
8 numbers of measurements, corre-
lations among repeated measures = 
0.5, and non-sphericity correction of 
e = 1.0. Considering a 15% drop-out 
rate, the appropriate minimum sam-
ple size for this study was 30 subjects.

RESULTS

Analysis of the values for total TIS 
scale showed a statistically signifi-
cant improvement in both groups. 
During the initial assessment, pa-
tients from the PNF group scored 
9.3 ± 5.4 points in the first meas-
urement, 16.6 ± 3.6 after 5 days 

Table 1
Group characteristics

PNF group (n=15)
Mean ± SD

NDT Bobath group (n=15)
Mean ± SD

Age [y] 73.5 ± 7.6 63.5 ± 16

Male/female 6/9 10/5

BMI [Kg/m2] 27.5 ± 4.0 24.7 ± 3.2

Post-stroke time [weeks] 5.4 ± 2.5 5.4 ± 1.7

Right-sided hemiplegia 7 5

Left-sided hemiplegia 8 10

BMI – Body Mass Index; PNF – Proprioceptive Neuromuscular Facilitation; NDT – Neuro-Developmental Treatment; SD – standard deviation; y – years

Figure 1
Study course
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of therapy and 21.3 ± 1.6 after 10 
days of therapy. Within-group anal-
ysis demonstrated statistical signif-
icance among baseline and interme-
diate measurements (p<0.005), and 
among baseline and final measure-
ments (p<0.001). Analyses did not 
show significant differences among 
intermediate and final measurements 
(p<0.182). While in the initial as-
sessment, patients from NDT Bo-
bath group scored 8.6 ± 7.2 points, 
15.5 ± 7.1 after 5 days of therapy 
and 20.1 ± 4.5 after 10 days of ther-
apy. Within-group analysis showed 
statistical significance among base-
line and intermediate measurements 
(p<0.010), and among baseline and 

final measurements (p<0.001). Anal-
yses did not reflect statistically signif-
icant differences among intermediate 
and final measurements (p<0.195). 
The analysis of total TIS scale indi-
cators between the PNF and Bobath 
groups showed no statistically signif-
icant differences (Figure 2) (Table 2).

DISCUSSION

In the present study, it has been 
demonstrated that both the PNF and 
Bobath methods, used in adults, sig-
nificantly reduce the deficit of trunk 
control in patients after ischemic 
stroke. The results revealed that the 

highest improvement appeared in the 
first week of treatment. This phe-
nomenon continued but to a lesser 
extent in the second week. The im-
provement of patients was similar 
in both training groups. In the liter-
ature, the best-known methods for 
post- stroke neuro-rehabilitation are 
the PNF and Bobath for adults, par-
ticularly when patients are suffering 
from perception disorders9. In this 
study, the TIS scale was used to assess 
trunk impairment, the components 
of which are used to evaluate static 
and dynamic balance, as well as coor-
dination. According to Verheyden et 
al., the TIS scale (used for testing in 
patients with focal brain damage) is 
highly effective in the assessment of 
motor trunk impairment among post-
stroke patients4. The TIS scale pro-
vides the opportunity to measure im-
provement progress and gives guid-
ance for consecutive stages of therapy. 
According to the authors, improve-
ment of trunk function has impact on 
breathing, speech, balance, gait and 
upper limb efficiency. The advantage 
over other methods is the assessment 
of a patient in sitting position, i.e. rel-
atively possible in the acute phase fol-
lowing stroke. In the current availa-
ble literature, a functional approach 
towards the patient is indicated us-
ing the PNF and Bobath methods for 
adults as key for improving trunk and 
limb function14-17. In the research by 
Ezem et al., the authors evaluated the 
effects of Bobath and PNF therapy 
on postural control17. The Berg and 
Barthel scales were used for assess-
ment. The patients’ improvement pe-
riod lasted 3 months. Analysis of the 
results showed statistically significant 
improvement of postural control in 

Figure 2
The results of total TIS 
PNF – Proprioceptive Neuromuscular Facilitation; NDT – Neuro-Developmental Treatment; 
TIS – Trunk Impairment Scale; I – baseline assessment; II – intermediate assessment; 
III – final assessment

Table 2
Results of the TIS scale

PNF group
Mean ± SD

NDT Bobath group
Mean ± SD

Between-group 
analysis

p

Measurement I II III I II III

Static balance 4.4 ± 2.4 6.0 ± 0.9 6.6 ± 0.5 3.7 ± 3.1 5.3 ± 2.0 6.5 ± 0.7 0.65

Dynamic ba-
lance 3.5 ± 2.4 8.0 ± 2.3 9.9 ± 0.3 3.4 ± 2.8 7.0 ± 3.6 8.9 ± 2.5 0.47

Coordination 1.2 ± 0.9 2.6 ± 1.1 4.7 ± 1.2 1.5 ± 1.5 3.1 ± 1.9 4.7 ± 1.5 0.48

Total TIS 9.3 ± 5.4 16.6 ± 3.6 21.3 ± 1.6 8.6 ± 7.2 15.5 ± 7.1 20.1 ± 4.5 0.92

PNF – Proprioceptive Neuromuscular Facilitation; NDT – Neuro-Developmental Treatment; TIS – Trunk Impairment Scale; SD – Standard Deviation; 
p – The Factional ANOVA test; Ib–bbaseline assessment; II – intermediate assessment; III – final assessment
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Bobath therapy with respect to PNF. 
Lederman analysed the impact of 
central stabilisation as a therapeutic 
method for various diseases, which 
confirms the importance of analysing 
the relationship between trunk sta-
bilisation and various musculoskele-
tal disorders. The postural control is 
global, aimed at the cooperation of 
all muscles responsible for maintain-
ing the body stabilised. Central stabi-
lisation training can lead to the deg-
radation of motor skills and the per-
formance of the trunk muscles. Only 
physiological movement is capable 
of learning proper mobility and con-
trol of this part of the body16. Klimk-
iewicz et al.18 performed research to 
evaluate the quality of therapy for 
functional improvement among pa-
tients after stroke. The study group 
consisted of 120 people, divided into 
3 groups, where the first one under-
went standard kinesiotherapy and 
the remaining two, were subject-
ed Bobath or PNF therapy as addi-
tional treatment. After 5 weeks, pa-
tient improvement was better in the 
groups where Bobath therapy was in-
troduced in relation to standard kine-
siotherapy and kinesiotherapy with 
PNF18.

Furthermore, studies are available 
in which the concepts of PNF and Bo-
bath were compared within the con-
text of improving upper limb func-
tion19 as well as quality of life20. Luke 
et al. elaborated a literature review on 
the application of neurophysiolog-
ical methods in upper limb rehabili-
tation among stroke patients. With 
regard to structural disorders, they 
concluded that exercises according 
to the Bobath concept provide bet-
ter effects in reducing pathological-
ly increased muscle tension than PNF 
techniques19. In her study, Naduls-
ka assessed quality of life, locomo-
tion and motility in ischemic stroke 
patients who were treated accord-
ing to PNF and Bobath concepts for 
adults. The authors’ questionnaire 
was used to examine 50 patients af-
ter a 3-week rehabilitation period. 

Before therapy, 66% of patients rat-
ed their health condition as bad. After 
rehabilitation, the percentage of the 
examined functions decreased: stand-
ing up from bed by 12%, independ-
ent walking by 17%, maintaining bal-
ance by 26%, eating meals by 8%, and 
walking on the stairs by 12%. The au-
thors have shown that proper kine-
siotherapy with neuro-rehabilitation 
methods significantly improve patient 
performance, which affects the condi-
tion of patients’ quality of life20.

CONCLUSIONS

Both the PNF and Bobath concepts 
appeared effective in the treatment of 
postural control. For patients in the 
PNF and NDT Bobath groups, signif-
icant improvement was noted. This 
study did not allow to indicate dif-
ferences between the PNF and NDT 
Bobath concepts for postural control 
treatment.
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