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Summary

B ackgroun d. Cerebrovascular accident (stroke) is
one of the most serious health problems in the developed
countries. Patients who conclude early stroke rehabilitation
(i.e. 2-3 months after the stroke) should be able to walk
unassisted or with little help.

Objective. Theaim of this paper is to analyze the
effectiveness of early specialized stroke rehabilitation by
means of proprioceptive neuromuscular facilitation (PNF),
based on the analysis of mobility ranges of knee and ankle
joints of the affected limbs in patients after CVA.

Material and methods. The study encompassed
30 subjects who had suffered from stroke and participated in
PNF rehabilitation at the hospital stroke ward. Among
subjects, there were 13 men and 17 women, aged + 66.1. On

average, patients spent 28 days at the ward. The first exam
was carried out prior to rehabilitation , on the admission day,
while the follow-up exam was conducted on the day the
patient left the ward.

Results. Noticeable reduction of deficits in knee and
ankle joint motion of the affected limb was observed. The
second exam proved significant increase in bending ranges of
the affected limb. Range of limb strengthening did not
change. Subjects with left-sided hemiparesis displayed
greater mobility deficits in motion ranges of knee and ankle
joints, compared to right-sided hemiparesis patients.

Conclusions. Using PNF in early rehabilitation
noticeably improved mobility of the affected limbs in
patients after CVA.

Streszczenie

Wstep. Udar mozgu jest jednym z najpowazniejszych

probleméw  zdrowotnych  spoleczenstw z  krajow
uprzemystowionych. Chory konczacy wczesng rehabilitacje
poudarowa, czyli 2-3 miesigce od udaru powinien chodzié
samodzielnie lub z niewielka pomoca.

Celem pracy bylta analiza skutecznosci wezesnej
specjalistycznej rehabilitacji poudarowej, realizowanej
metoda PNF, w oparciu o analiz¢ zakresu ruchomosci stawu
kolanowego i skokowego konczyny niedowtadnej u 0séb po

moézgowym incydencie naczyniowym.

Material i metody. Badaniem objeto 30 0séb po
moézgowym incydencie naczyniowym poddanych wczesnej
rehabilitacji metoda PNF na pododdziale udarowym. Grupe
badawcza stanowilo 13 mgzezyzn i 17 kobiet, o $redniej
wieku + 66,1. Czas przebywania chorego na oddziale
wynosil $rednio 28 dni. Pierwsze badanie wykonano przed
rozpoczeciem usprawniania w dniu przyjecia chorego,
a kontrolne w dniu wypisu z oddziatu udarowego.

W y n i k i. Stwierdzono wyrazna redukcje deficytow
w stawie kolanowym i skokowym konczyny niedowtadnej.
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W badaniu drugim wykazano znaczny wzrost zakresu ruchu
zginania w konczynie niedowtadnej. Warto$¢ ruchu wyprostu
pozostala bez zmian. Grupa chorych z niedowladem
lewostronnym charakteryzowata si¢ znacznie wigkszymi
ograniczeniami zakresow poszczegdlnych ruchow czynnych

stawu kolanowego oraz skokowego gornego i dolnego niz
grupa chorych z niedowtadem prawostronnym.

W n i o s k i. Stosowanie metody PNF we wczesnej
rehabilitacji wyraznie usprawnito funkcjonowanie konczyny
niedowtadnej chorych po przebytym moézgowym incydencie
naczyniowym.
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INTRODUCTION

Cerebrovascular accident (CVA) is one of the most
serious health problems in the developed countries.
Every year 15 million people suffer from stroke;
approximately 5 million of them die within the next
few days, while another 5 million remain inactive [1].
Demographic data and epidemiologic estimates suggest
that the number of strokes in Europe will increase and
reach 1.5 million in 2025, assuming no changes in
incidence [2]. Stroke incidence rate in Poland is similar
to the rates of other European countries. According to
estimates, there are approximately 60,000 strokes per
year in Poland [3]. It is mainly caused by increased
proportion of the 65+ age group, which is most prone
to strokes. It is estimated that in 2050 proportion of this
age group will reach 35% in the European Union;
therefore, the number of strokes will gradually increase
[4]. Despite significant advance in diagnostics,
treatment and care provision, stroke is still associated
with high risk of patient death. It is the third most
common death cause in the world [5], forth in Poland
[6] and the main cause of severe and chronic disability,
which results in social and economic difficulties [7, 8].

One of the key factors that determine the recovery
of patients is early start of rehabilitation. Despite some
differences in terms of rehabilitation approaches, most
experts agree that rehabilitation should start as soon as
possible and continued in specialist centers, provided
patient’s overall state allows it and there are no counter
indications [7-11]. Comprehensive therapy and
rehabilitation should be provided to all patients, so that
it can fully help each one of them [7, 12]. Early
rehabilitation  prevents consequences of long
immobility, which poses a threat to life and health of
patients, while also improving their quality of life [7-9,
13]. It should address mobility deficit and higher
nervous activities [7, 10, 14]. It is equally important to
provide diagnostics and rehabilitation of speech
disorders [15]. The most important post-stroke
rehabilitation instructions may be found in guidelines
updated by the European Stroke Initiative (ESO) [16,

17] and Polish guidelines, developed by the Section of
Vascular Diseases of the Polish Society of Neurology
[18]. Current literature on the subject-matter prove that
the best period to obtain functional improvement after
the stroke are the first 3 months following CVA [19].
Unconscious patients are treated with passive
exercises, while conscious patients are engaged in
active, slow and supported workout [20]. Post-stroke
rehabilitation success is measured by ability and
quality of independent walk; therefore, key importance
should be given to improving balance and stimulating
the ability to walk [12].

The aim of this paper is to analyze the effectiveness
of early specialized post-stroke rehabilitation, based on
the analysis of motion ranges of knee and ankle joints
of the affected limbs in patients after CVA.

MATERIALS AND METHODS

The study was conducted among stroke patients
admitted to the Regional Hospital in Kolobrzeg,
Poland, to a stroke ward, with a high dependency unit,
which provided care for stroke patients based on the
latest medical standards. The study was open to
patients with hemiparesis, provided a stable overall
condition. The group was 30-strong and included 13
men and 17 women. Right-sided hemiparesis was
observed in 56.7% (n=17) of patients, while 43.3%
(n=13) suffered from left-sided hemiparesis. Subjects
were divided into two groups, based on the side
affected by CVA. Group A included right-sided
hemiparesis patients, while Group B was made of left-
sided hemiparesis subjects. 53.3% of subjects suffered
from ischemic strokes, 40% of them from transient
ischemic attack, and 6.7% from embolic stroke. The
average age of subjects was + 66.1 (from 34 to 85).
Patients spent on average 28 days at the ward.

Study program was described in the paper of
Lubkowska et al. [21], which presented Part | of the
results of author’s own study on measuring active and
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Table 1. Passive motion ranges of knee joint in Groups A and B in Exams | and Il
Tabela |. Charakterystyka zakreséw ruchéw biernych w stawie kolanowym w badaniu I i Il w grupie A i B

Examination I/ Badanie | Examination 11/ Badanie Il
motion range [in °]/ zakres ruchu [w °] motion range [in °]/ zakres ruchu [w °]
MOTION affected limb healthy limb affected limb healthy limb
konczyna niedowtadna konczyna zdrowa t1 konczyna niedowtadna | konczyna zdrowa t2
Mean | SD | Vs | Mean | SD | Vs Mean | SD | Vs | Mean | SD | Vs
Group A/ Grupa A
Bending/Zgiecie [117.1 |7.72 [6.59 |117.2 |7.66 |6.54 |0.022ns. |119.8 [6.95 |5.89 |117.9 |6.77 |5.74 |-0.360 ns.
Strengthening |0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wyprost
Group B/ Grupa B
Bending/Zgigcie (1120 |542 [4.63 [1120 |5.88 |[525 [0.000ns. |113.6 |4.67 [411 |[113.0 |4.97 |4.11|-0.365ns.
Strengthening |0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wyprost
n.s. difference statistically not significant (A = 0.05)
Mean — arithmetic mean value; SD — standard deviation; Vs — Variation coefficient.
t1 — Significance of differences between affected and healthy limb in Examination I;
t2 — Significance of differences between affected and healthy limb in Examination I1.
Table I1. Active motion ranges of knee joint in Groups A and B in Exams | and |1
Tabela Il. Charakterystyka zakreséw ruchéw czynnych w stawie kolanowym w badaniu I i Il w grupie A i B
Examination I/ Badanie | Examination 11/ Badanie Il
motion range [in °]/ zakres ruchu [w °] motion range [in °]/ zakres ruchu [w °]
affected limb healthy limb affected limb healthy limb
MOTION konczyna konczyna zdrowa tl konczyna konczyna zdrowa t2 t3
niedowladna niedowladna
Mean [ SD [ Vs [Mean [ SD | Vs Mean| SD | Vs |Mean| SD | Vs
Group A/ Grupa A
Bending/Zgiecie 319 |6.75 2114|1144 |74 [6.47 |9291* |66.1 |16.83 |25.45 |114.9 |6.97 | 6.06 | 11.55* | 12.27*
Strengthening 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wyprost
Group B/ Grupa B
Bending/Zgiecie 189 |18.43 |44.7 |109.1 | 553 |51 [31.00* [39.5 [13.85 |35.1 |109.9 |454 |44 |16.63* |10.84*
Strengthening 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wyprost

*Statistically significant differences (A= 0.05).

Mean — arithmetic mean value; SD — standard deviation; Vs — Variation coefficient.

t1 — Significance of differences between affected and healthy limb in Examination I;
t2 — Significance of differences between affected and healthy limb in Examination I1;
t3 — Significance of mean differences between affected limbs in Examinations I and II.

passive motion ranges in hip joints of the affected and
unaffected lower limbs. Rehabilitation process
employed the  Proprioceptive  Neuromuscular
Facilitation method. All measurement used in the study
were carried out twice: the first exam was held before
rehabilitation started, on the admission day (Exam 1),
while the follow-up exam was conducted on the day
when the patient left the ward (Exam I1).

To analyze the data statistically, descriptive
statistics methods were used (arithmetic mean,
standard  deviation, coefficient of variation).
Hypotheses on significance of mean deviations for
individual motion ranges were verified with statistical
tests: Student's t-distribution for two means and
Student's t-distribution for differences between
correlated pairs.

RESULTS

Passive motion ranges of knee joint in affected and
unaffected limbs in Groups A and B and Exams | and
Il are presented in Table 1. Data analysis showed that
patients with right-sided hemiparesis (Group A) and
left-sided hemiparesis (Group B) had similar average
measurements, and the differences were not
statistically significant.

Table 2 presents active motion ranges of the knee
joint of the affected and unaffected limb in patients
with right-sided hemiparesis (Group A) and left-sided
hemiparesis (Group B) in Exams | and II. It was
determined that the right-sided hemiparesis patients
(Group A) displayed deficit of active bending motion,
which equaled on average 25% of the physiological
range. There were no deficits in straightening motion
range. The differences were statistically significant.
Exam Il proved significant increase in bending ranges
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Table I11. Active motion ranges of ankle mortise and ankle tarsus in Groups A in Exams | and |1
Tabela lll. Charakterystyka zakreséw ruchéw czynnych w stawie skokowym gérnym i dolnym w badaniu I i Il w grupie A
Examination I/ Badanie | Examination II/ Badanie Il
motion range [in °]/ zakres ruchu [w °] motion range [in °]/ zakres ruchu [w °]
affected limb healthy limb affected limb healthy limb
MOTION konczyna niedowtadna | konczyna zdrowa t1 konczyna niedowtadna |  konczyna zdrowa t2 t3
Mean] SD [ Vs | Mean [ SD [ Vs Mean| SD | Vs [Mean | SD [ Vs
Group A/ Grupa A
Bending the  [9.5 345 |40.44 (244 |2.68 |10.98 |14.54* |14.2 459 |32.39 (249 |2.85 |[11.44 |7.92* |12.22*
dossal area of
the foot
Zginanie
grzbietowe
stopy
Bendingthe |14.01 |3.76  |26.6 |42.4 |4.87 |11.51 |18.35* (242 |6.75 |27.85 |42.7 |4.82 |11.29 |8.91* |11.55*
sole of the foot
Zginanie
podeszwowe
stopy
Pronation 51 1.73 3422 |25.7 1.56 [6.08 [35.46* |9.9 3.08 |31.52 (26.1 155 |5.86 |18.95* |11.48*
Nawracanie
Supination 126 |2.33 18.49 |53.6 1.68 (3.14 |[57.08* |19.7 |4.1 20.79 |54.0 1.65 |3.05 |31.03* |12.33*
Odwracanie
Group B/ Grupa B
Bending the 6.1 |2.56 42.04 |(24.8 2.83 [11.44 (1454* |9.7 3.07 (317 254 3.13 |12.3 |12.40* |12.54*
dossal area of
the foot
Zginanie
grzbietowe
stopy
Bending the (9.8 294 30.1 42.2 6.17 (14.6 |(16.45* |16.5 |3.39 |20.58 |43.0 556 |12.93 |14.12* |11.70*
sole of the foot
Zginanie
podeszwowe
stopy
Pronation 3.2 0.8 2474 1245 169 (6.9 ([39.45* 6.0 0.96 |16.01 |25.3 183 |7.3 31.96* [16.54*
Nawracanie
Supination 9.5 155 16.25 |52.4 252 |5.0 |48.75* |142 |1.62 |11.41 |53.4 237 |4.44 |47.24* |12.89*
Odwracanie

*Statistically significant differences (A= 0.05).

Mean — arithmetic mean value; SD — standard deviation; Vs — Variation coefficient.

t1 — Significance of differences between affected and healthy limb in Examination ;
t2 — Significance of differences between affected and healthy limb in Examination I1;
t3 — Significance of mean differences between affected limbs in Examinations I and II.

of the affected limb, which increased to 51% of the
physiological range. Range of strengthening the limb
did not change (differences were statistically
significant). Exam | of Group B patients (left-sided
hemiparesis) revealed significant deficits in bending
motion in the affected limb. It equaled to only 15% of
the physiological range. There were no deficits in
straightening motion range. These values were
statistically significant. Exam Il proved significant
increase in bending ranges of the affected limbs. It
reached 30% of the physiological range. Range of limb
strengthening did not change. These values were
statistically significant. Percentage analysis of active
motion ranges in the knee joint in Group A and B in
Exams | and Il showed that left-sided hemiparesis
patients (B) had greater motion deficits in terms of
bending the knee joint, compared to right-sided
hemiparesis patients (A). Exam Il showed also that
despite improving the bending motion in the knee joint

in both groups, the difference was still noticeable. The
straightening motion in both groups in Exams I and 1l
did not exhibit signs of deficits.

Table 3 presents active motion ranges of ankle
mortise and ankle tarsus of the affected and unaffected
limb in Exams | and Il in Groups A and B. The
analysis of data from Exam | and Il indicated a
noticeable improvement in active motion range of
ankle mortise and ankle tarsus of the affected limb.
The improvement was observed both in left-sided and
right-sided hemiparesis (A and B) and was statistically
significant. Exam | revealed very significant deficits in
active motion range of the affected limb. Active
motion of ankle mortise and ankle tarsus reached on
average 23% of physiological values. The smallest
deficits were observed in terms of bending the dorsal
area of the foot and supination, while the biggest
limitations were noticed during bending the foot sole
and pronation. These values were statistically
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significant. The analysis of data from Exam Il revealed
an increase in active motion ranges in the affected
limb. Nevertheless, they were still limited in
comparison with the unaffected limb. It reached only
38% of the physiological range. The analysis of data
from Exam | and Il indicated a statistically significant
increase in active motion range of ankle mortise and
ankle tarsus of the affected limb. The percentage
analysis based on Exams | and Il of the active motion
ranges in ankle mortise and ankle tarsus of the affected
limb in Groups A and B showed that left-sided
hemiparesis patients (B) had significantly more limited
motion ranges of ankle mortise and ankle tarsus,
compared the right-sided hemiparesis patients (A).
Exam Il also revealed that despite an increase in active
motion range of ankle mortise and ankle tarsus in both
groups during the rehabilitation process, the difference
in motion ranges observed in Exam | did not disappear.

DISCUSSION

CVA causes many complications which may lead
to death. Over a half of men and women aged below
65, who suffer from stroke, die within 8 years [22]. 6
months after the stroke, half of patients still suffer from
hemiparesis, every fifth patient cannot walk unassisted,
many of them need help in everyday activities and
suffer from aphasia, while 1/3 display symptoms of
depression [22]. CVA forces the patients to re-learn
their lost functions. Therefore, it is crucial to provide
comprehensive, holistic hospital and non-hospital care,
focused on extensive rehabilitation process [23]. Given
current medical advances, the role of early, continuous
and complex rehabilitation is indisputable [6, 7, 8, 11].

Author’s own study conducted among 30 patients
who suffered from CVA were aimed at analyzing the
effectiveness of early specialized stroke rehabilitation,
based on the analysis of motion ranges of knee and
ankle joints of the affected limbs. The study indicated
that early physiotherapy with PNF method helped to
improve motion range parameters. Noticeable
reduction of deficits in mobility of the knee and ankle
joint of the affected limb was observed. Authors’
previous study [21] revealed that early rehabilitation
combined with PNF method significantly reduced
disability level of stroke patients by increasing their
active motion ranges and maintaining passive motion
ranges in hip joints of the affected limb. Research
suggests that 80% of patients re-learn to walk
successfully; therefore, this skill should be treated as a

priority in stroke rehabilitation programs [12, 24].
PNF method is a comprehensive therapeutic method,
and one of the most commonly used worldwide. PNF
is effective in treating various function losses [25].
Mazurowski et al.’s study [26] showed that using PNF
to rehabilitate stroke patients at an early stage
improves their balance and unassisted locomotion
skills, and the results are not gender-dependent.
Similarly, other authors’ studies [27, 28, 29] indicated
positive results of the PNF method.

In this paper and in the previous research [21], an
analysis of PNF results (left- and right-sided
hemiparesis) was conducted. All CVA patients
displayed improved motion ranges of the hip joint,
knee joint and ankle joint of the affected limb;
however, greater progress was observed in right-sided
hemiparesis patients. Mazurowski et al. [25] carried
out a study on effectiveness of PNF by analyzing
walking function and static and dynamic balance, as
well as posture control in stroke patients. They
observed an improvement in balance parameters, with
the best results obtained by women with right-sided
hemiparesis. Among men with left- and right-sided
hemiparesis, values before and after rehabilitation were
similar [25]. Krukowska and Czernicki [30] observed
in their study a greater improvement in patients with
right-sided hemiparesis.

The study revealed that a 28-day rehabilitation
period was insufficient to obtain full active motion
range in the affected limb. Patients still suffered from
limited motion range in lower limb joints and required
further  physiotherapy to regain functionality.
Rehabilitating process that starts at the stroke ward
should be professionally continued at neurological
rehabilitation ward, where early stroke rehabilitation is
offered; it should take 3-9 weeks. Continuation of the
therapy should focus on improving walking, position
changes and further stimulation of functions. Patients
who finish early post-stroke rehabilitation (i.e. 2-3
months after the stroke) should be able to walk
unassisted or with little help [21]. ‘Aggressive
rehabilitation’ should be the main component, i.e.
focusing on physical activity [22]. Meanwhile in
Poland, patients face shortage of rehabilitation beds;
patients are often sent home with a list of
recommendation which are often difficult to fulfill.
Thus, comprehensive rehabilitation process and its
availability seems to be the top priority. Unfortunately,
Mazurowski et al.’s study [10] showed that only a
small proportion of neurology (14%) and rehabilitation
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(10%) wards in Poland offer comprehensive stroke
rehabilitation.

CONCLUSIONS

The analysis of results obtain in exams carried out at
the beginning and end of the rehabilitation process
among stroke patients led the following conclusions:

1. PNF rehabilitation method improved active
motion parameters and helped to maintain passive
motion ranges in knee and ankle joints of the
affected limb in hemiparesis patients, who
participated in early physiotherapy.

2. PNF in early rehabilitation noticeably improved
mobility of the affected limb in patients with
CVA.

3. Significantly better results of affected limb
rehabilitating were observed in right-sided
hemiparesis patients.

4.  4-week rehabilitation period was insufficient to
obtain full active motion range in the affected
limb. Patients still required further physiotherapy
to regain functionality.
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