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Summary This preliminary study sought to analyze the effects of a training program based on
the Proprioceptive Neuromuscular Facilitation (PNF) method on motor recovery of individuals
with chronic post-stroke hemiparesis. Eleven individuals with chronic hemiparesis (mean lesion
time of 19.64 months) after unilateral and non-recurrent stroke underwent training based on
PNF method for twelve sessions, being evaluated for motor function - using the Stroke Reha-
bilitation Assessment of Movement (STREAM) instrument; functionality, by the Functional Inde-
pendence Measure (FIM); and gait kinematic (using the Qualisys Motion Capture System), at
baseline and post-training. Significant changes in FIM (from median 67 to median 68;
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P Z .043) and STREAM scores (from median 47 to median 55; P Z .003) were observed. Data
showed significant changes in motor function and functionality after training, suggesting that
this program can be useful for rehabilitation of chronic stroke survivors.
ª 2013 Elsevier Ltd. All rights reserved.
Introduction

Stroke survivors commonly exhibit uni or bilateral sensory-
motor impairments, loss of coordination, visual field dis-
orders as well as cognitive, perceptive and language defi-
cits (World Health Organization, 2006). In physical therapy,
the main goals of treatment after stroke are to restore
motor control in gait and gait-related activities and to
improve upper limb function, as well as to learn to cope
with existing deficits in activities of daily living (ADL) and to
enhance participation in general (Van Peppen et al., 2004).

Although there are currently several rehabilitation
treatments for stroke, traditional approaches e such as the
Neurodevelopmental method (Bobath) and Proprioceptive
Neuromuscular Facilitation (PNF) - continue to be used in
clinical practice, showing good results (Pollock et al., 2007).
The PNFmethodwas originally developed to facilitatemotor
performance in individuals with impaired movements. It in-
volves maximum resistance to movement, which must be
executed in a spiral and diagonal direction, promoting a
larger neuromuscular response in proprioceptors, thereby
facilitating biarticular muscle activation (Kofotolis et al.,
2005). It also involves exploring postural reflexes (primarily
the stretch reflex) and the use of eccentric contractions to
facilitate agonist muscle activity (Shimura and Kasai, 2002).

Despite the theoretical basis and its clinical use, there
are scant scientific publications based on this method on
post-stroke rehabilitation (Dickstein et al., 1986; Ozdemir
et al., 2001; Trueblood et al., 1989). In addition, the
differing forms of the application of PNF method hinder the
comparison between studies, and, especially, the repro-
duction of the protocol. This significantly reduces the evi-
dence about the method. Two systematic reviews (Pollock
et al., 2007; Van Peppen et al., 2004) found the effects
of neurophysiological approaches, including PNF, in in-
dividuals with hemiparesis and did not find enough evi-
dence to generalize results regarding the potential clinical
impact of these treatments. Finally, no studies indicate a
program or the best mode of PNF application to improve
motor function in these patients.

Thus, we developed a training program based on the PNF
method, designed to improve the functionality, motor
function and gait in individuals with chronic hemiparesis
post-stroke. To verify if this protocol is reproducible and if
is able to promote the wanted effects, we decided to
conduct a feasibility study (a preliminary study) prior to the
implementation of this program in larger scale.

Methods

Participants

Eleven individuals (six men and five women), aged between
40 and 70 years, with chronic hemiparesis (mean lesion
time of 19.64 � 9.81 months) after unilateral and non-
recurrent stroke were recruited by convenience sampling
from clinics and hospitals in the city of Natal-RN. Subjects
should had spasticity classified between levels 0 and 2 on
the Modified Ashworth Scale (MAS) of muscle spasticity for
the lower limb affected (Biering-Sørensen et al., 2006) and
ambulatory capacity classified between levels 3 and 5 on
the Functional Ambulatory Category e FAC (Mehrholz et al.,
2007). Furthermore, subjects had to be able to walk
10 meters on a flat surface without personal assistance
and/or assistive devices/orthesis, no clinical signs of car-
diac alterations (New York Heart Association, degree I),
capable of obeying simple commands and not exhibit any
other orthopedic and/or neurological impairment that
could alter gait. Exclusion criteria were individuals whose
heart rate (immediately after exercise) exceeded 75% of
age-adjusted maximum heart rate, according to the for-
mula proposed by Tanaka et al. (Tanaka et al., 2001). The
study was approved by the local ethics research committee.
Measuring instruments

TheFACwasused todeterminewalkingcapacity. Scores range
from 0 to 5,where 0 representswalking incapacity or needing
help from two therapists, and 5 indicates locomotion inde-
pendence, including climbing stairs (Mehrholz et al., 2007).

The National Institute of Health Stroke Scale (NIHSS) was
used to categorize neurological status, from minimal
impairment (scores 0e1) to severe impairment - scores over
20 (Montaner and Alvarez-Sabin, 2006).

The MAS was applied to assess muscle tone in the paretic
lower limb (Biering-Sørensen et al., 2006). The following
muscle groups were tested: quadriceps, hamstrings, triceps
surae and ankle muscle dorsiflexors.

The Stroke Rehabilitation Assessment of Movement
(STREAM) protocol evaluated motor function. STREAM an-
alyzes voluntary limb movement and basic mobility with a
maximum score of 70 points (higher scores indicate better
function) (Daley et al., 1999).

Functional Independence Measure (FIM) assesses the
level of assistance required to perform activities such as
self-care, mobility, locomotion, sphincter control, commu-
nication and social cognition (Riberto et al., 2001, 2004). In
this study, we only used the motor domain of the FIM (motor
FIM), which excludes communication and social cognition
items. Higher scores demonstrating greater independence.

Gait analysis was obtained using the Qualisys system
(Qualisys Motion Capture System e Qualisys Medical AB 411
13, Gothenburg, Sweden). Three cameras (Qualisys Oqus
300) that emit and capture infrared light reflected by
spherical passive markers were used. Data were captured
at a frequency of 120 Hz, using Qualisys Track Manager 2.3
(QTM) acquisition software, and exported to Visual 3D
processing software (Visual3D Standard, 4.75.33 e C-
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Motion,Rockville, MD,USA). A biomechanicalmodelwasbuilt
to analyze spatial-temporal and angular variables of gait.

Assessment protocol

After the initial approach to obtain anthropometric mea-
sures, clinical diagnosis, use of medication, vital signs and
complementary information, clinical assessments (using
FAC, NIHSS, MAS, STREAM and FIM scales) and kinematic
analysis of gait were carried out.

For kinematic analysis, after Qualisys calibration, data
were collected for 10 s, with subjects wearing shoes and
standing, in order to create a biomedical model for appli-
cation in dynamic collections. During dynamic captures,
subjects were instructed to walk along a 10 m walkway at a
comfortable pace. Ten non-consecutive gait cycles were
recorded. The entire assessment protocol was applied in
the week prior to the onset of intervention, and was
repeated in the week following the end of intervention.

Data reduction

Data captured by Qualisys were processed in QTM software
and were export and processing with Visual 3D software, in
which a biomechanical model can be constructed for anal-
ysis. In Visual 3D, joint angular displacements were obtained
according to the sequence of Cardan angles (Cole et al.,
1993), with the standing position adopted as the neutral
position. Angular displacement of the hip, knee and ankle
were represented in percentage of gait cycle (0%e100%).

Only the most homogeneous cycles were selected for
analysis. Spatial and temporal variables of gait were speed
(m/s), stride length (m), and symmetry ratio of swing time.
The following formula was used to calculate the symmetry
ratio:
Symmetry ratio of swing timeZswing timeðPÞ)=swing timeðNPÞ)
*where P Z paretic lower limb and NP Z non-paretic lower
limb

With respect to angular variables, angular hip, knee and
ankle displacements (�) of the paretic lower limb in the
sagittal plane were investigated. For the hip, maximum
stance extension and maximum swing flexion were
analyzed; for the knee, maximum swing flexion; and for the
ankle, plantarflexion during push-off (PO) and maximum
dorsiflexion over the swing phase.
Experimental protocols

The intervention protocol consisted of three 30-min weekly
sessions for four consecutive weeks (Wang, 1994). During
this period, individuals did not undergo any other therapy,
including conventional physical therapy or physical
exercises.

The program training consisted of functional activities
(task-specific stimulation), including mobility and gait-
related activities, in conjunction with the PNF method,
using its basic procedures and facilitation patterns. Manual
contact, stretching and maximum resistance were empha-
sized during the following activities: waist dissociation in
lateral decubitus; sitting and rising; transfer of body weight
in both the anteroposterior and latero-lateral direction in
the standing position; and frontal and lateral gait (Adler
et al., 2007; Coelho et al., 2004).

Sessions were initiated with the waist dissociation move-
ment by scapular and pelvic patterns, in lateral decubitus.
The anterior elevation/posterior depression and anterior
depression/posterior elevation diagonals were requested
from patients. For scapular waist dissociation, manual con-
tact was on the paretic shoulder, where the therapist guided
and resisted the diagonal movement of shoulder; for pelvic
dissociation, the therapist guided and resisted anterior and
posterior pelvic inclination (elevation and depression), with
hands positioned on the illiac crest, on the paretic side.

Next, participants were instructed to sit and rise. Pa-
tients, initially seated, were encouraged to get up, while
therapists placed their hands on the iliac crests. Patients
then sat up, with therapists positioning their hands on the
posterior portion of the illiac crests, resisting and supporting
torso and hip flexion. With the patient standing, weight was
transferred in the antero-posterior and latero-lateral di-
rection, in which the therapist controlled and resisted pelvic
movement during weight transfer from one lower limb to
another. For antero-posterior transfer, therapists placed
their hands on the illiac crests bilaterally; for latero-lateral
transfer, on only one illiac crest laterally. Similar positioning
was applied during frontal and lateral gait. This activity was
executed on parallel bars for greater patient safety (Fig. 1).

Stretch reflex was performed in the same direction as
the required movement, applied immediately before its
execution, in order to facilitate contraction of adjacent
muscles. In points of manual contact, movement was
initially guided/controlled (only for demonstration) and
after was resisted by the therapist.
The therapist gave verbal encouragement and in-
structions related to correct posture during the exercises.
Average durationwas 30minutes, with the therapist focusing
on activities according to the needs of individuals and their
progress over the course of training (Table 1). Resistance to
movement was increased at each session, and once patients
improved their strength levels on a given activity, the num-
ber of repetitions was increased. All participants were
monitored for heart rate and blood pressure before and after
each session, using a digital arm tensiometer.

Three trained therapists conducted training sessions,
one therapist per individual. These therapists have at least
two years of practice in Physical Therapy, and were trained
more specifically for this PNF program application during
the two months prior intervention, by the main study
researcher (whose experience in Physical Therapy and PNF
application exceeds three years).

Data analysis

Statistical analysis was conducted using SPSS 17.0 software
(Statistical Package for the Social Sciences), at a significance



Figure 1 Activities of the program based on the PNF method. (A) Waist dissociation in lateral decubitus; (B) Sitting and rising; (C)
Positioning for anteroposterior transfer of body weight and frontal gait; (D) Positioning for latero-lateral transfer of body weight
and lateral gait.

Table 1 Description of PNF training program.

Activity Mean duration
(minimum number
of repetitions)

Waist dissociations 5 min (20 repetitions)
Sitting and rising from a chair 10 min (20 repetitions)
Anteroposterior and
latero-lateral weight transfer

5 min (40 repetitions)

Frontal and lateral gait 10 min (10 repetitions)

Abbreviation: PNF, Proprioceptive Neuromuscular Facilitation;
min, minutes.

Table 2 STREAM scores (n Z 11) at baseline and post-
training.

Items Baseline Post-training P

UL 14 (5e19) 17 (7e20) .010*
LL 11 (10e13) 14 (13e16) .005*
BM 21 (17e25) 24 (19e27) .011*
T 47 (35e55) 55 (39e63) .003*
% 69 (51e83) 79 (57e90) .003*

Abbreviations: UL, Upper Limbs; LL, Lower Limbs; BM, Basic
Mobility; T, Total; %, Percentage of maximum score (70 points)
of STREAM scale.
NOTE. Values expressed as median and percentiles (25the75th).
P Z P value.
*Statistical significance.
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level of 5%. Demographical and clinical data were expressed
by measures of central tendency and dispersion. For
outcome measures, nonparametric tests, were applied
considering the sample size (less than 30). Then, the Wil-
coxon test for related samples was applied to compare the
variables at baseline and post-training, which were
expressed in median and quartiles (percentiles 25the75th).

Results

The sample was composed of 11 individuals (six men and
five women), mean age of 57.54 (standard deviation of
8.30) years and mean lesion time of 19.64 (standard devi-
ation of 9.81) months. None of the participants wore
orthotics lower limb in daily activities. All participants
completed the study uneventfully.

Regarding to the neurological status, there was signifi-
cant improvement in NIHSS scores: from 5 (1e8) to 4 (1e8),
P Z .024. In relation to walking capacity and muscle tone,
however, no significant alterations were observed in FAC or
MAS scores, which remained stable at 3 (3e4) and 1 (1e2),
respectively.

The STREAM scale showed a statistically significant in-
crease in all of its items, comparing the baseline and post-
training, indicating improvement in several aspects of
motor function (Table 2).



Figure 2 Mean joint hip (A), knee (B) and ankle (C) angles
during the gait cycle (expressed in percentage). Positive values
indicate hip and knee flexion and ankle dorsiflexion.

Table 3 Scores of the FIM Motor scale (nZ 11) at baseline
and post-training, according to the items of the
questionnaire.

Items Baseline Post-training P

Eating 6 (4e6) 6 (4e6) 1.00
Grooming 6 (4e6) 6 (4e6) 1.00
Bathing 5 (3e7) 6 (4e7) .109
Dressing e upper body 4 (4e6) 4 (4e6) .180
Dressing e lower body 4 (4e6) 4 (3e6) .414
Toileting 6 (6e6) 6 (6e7) .317
Bladder management 4 (2e7) 4 (3e7) 1.00
Bowel management 7 (6e7) 7 (6e7) .180
Transfer to the chair 6 (6e6) 6 (6e6) 1.00
Transfer to the toilet 6 (6e6) 6 (6e6) .317
Transfer to the bathroom 6 (6e6) 6 (6e6) 1.00
Locomotion 6 (4e6) 6 (4e6) .317
Stairs 5 (3e6) 6 (3e6) .083
Total FIM 67 (61e74) 68 (63e78) .043*

Abbreviations: FIM, Functional Independence Measure.
NOTE. Values expressed as median and percentiles (25the75th).
P Z P value.
*Statistical significance.
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In relation to functional dependence assessed by motor
FIM, no significant difference in the sub-items, only in the
total value, which showed a statistically significant increase
(Table 3).

Gait cycle variables (spatio-temporal and angular)
showed no statistically significant differences after training
(Table 4). Angular variables, represented by the mean joint
angles of the hip, knee and ankle, at baseline and post-
training, are illustrated in Figure 2.

Discussion

This preliminary study investigated the effects of a program
based on the PNF method on post-stroke motor recovery to
verify if this program is able to modify the characteristics of
gait, motor function and functionality of these patients, in
the chronic phase of stroke.

Limb movements and mobility are important outcome
indicators for patients with stroke (Hsieh et al., 2008).
Table 4 Gait cycle variables (n Z 11) at baseline and post-training.

Variables Baseline Post-training P

Max. hip extension (�) �5.97 (�11.26 � .83) �6.18 (�11.50 � .48) .286
Max. hip flexion (�) 19.11 (15.62 � 26.72) 22.20 (16.48 � 31.08) .050
Max. knee flexion (�) 33.65 (29.23 � 49.24) 38.84 (32.51 � 48.30) .110
Plantarflexion PO (�) �8.61 (�12.36 � 3.69) �8.00 (�9.49 � .52) .050
Max. dorsiflexion (�) 3.75 (1.35 � 8.78) 4.88 (1.54 � 8.40) .286
Speed (m/s) .40 (.32 � .45) .38 (.30 � .48) 1.00
Stride length (m) .67 (.52 � .76) .62 (.50 � .75) .859
Symmetry ratio 1.46 (1.38 � 1.91) 1.48 (1.35 � 1.88) .110

Abbreviations: Max, Maximum; PO, Push-Off.
NOTE. Values expressed as median and percentiles (25the75th).
P Z P value.
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In the present study, STREAM showed substantial improve-
ment in lower and upper limb motor function and basic
mobility, indicating that applying of PNF program can result
in overall benefits. Positive findings in basic mobility and
lower limb function may be the direct result of mobility
activities and of gait-related activities. Diagonal move-
ments for the scapular waist and gait training in parallel
bars favored waist dissociation and the use of upper limbs,
which could have enhanced the voluntary mobility of upper
limbs.

Pohl and colleagues (Pohl et al., 2002) in a study with
a similar form of training (three weekly sessions of
30 minutes each, during four weeks), compared three
groups e one group using conventional physiotherapy with
the PNF method and the others using treadmill training e,
in patients with more than one month of stroke onset. They
found an improvement in mobility in all groups, evidenced
by higher FAC scores. Ozdemir et al. (2001) also used the
PNF method in patients with acute hemiparesis, obtaining
gains in status motor. Although it is known that motor re-
covery occurs preferentially during the acute phase (Chen
et al., 2003), in the current study, the choice of chronic
patients aimed to reduce the variation of spontaneous
motor recovery at different periods after stroke. Thus, the
improvement observed in these patients reinforces the idea
that the training applied should have contributed effec-
tively to this result, possibly by development of compen-
satory strategies that favored the motor function,
overcoming the inertia caused by chronicity.

Besides improvements in motor function, improvements
were also observed in functionality (assessed by motor
FIM). Dickstein and colleagues (Dickstein et al., 1986)
compared the effects of conventional physiotherapy, PNF
method and Bobath in rehabilitating post-stroke patients.
Although there was no significant difference between ap-
proaches, enhanced motor function and functionality were
observed in patients submitted to PNF sessions, in line with
findings of the present study.

Ozdemir et al. (2001) also found that subjects with
hemiparesis using the PNF training method obtained func-
tional gains measured by FIM. These authors suggest that
improved functionality and motor function in patients after
training with the FNP technique is due to motor relearning,
since this method emphasizes task-based activities and
repetitive movement training. Wang (1994) says that, when
performed the intervention using PNF in long-term is able
to improve motor learning even in chronic patients recov-
ering from stroke.

There was no statistically significant improvement in
individual items of the motor FIM; however, the overall
improvement may have resulted from the motor learning
and the transfer of learning of the program activities for
the day-to-day. For example, sitting and standing and
weight transfer while standing are directly related to the
transfer to the toilet; gait training, with locomotion and
climbing stairs; scapular waist dissociation and activities on
the parallel bars, with the use of the upper limb to bathing
and dressing. All of these items showed some increase
(although not significant), which may have contributed to
the total result. It is worth noting, however, that, unlike
the results of STREAM, the improvement in motor FIM was
lower and this may represent less clinical significance.
Although not expected, there was an improvement in
the NIHSS scores after the training. This scale is more
suitable to detect changes on the acute phase of stroke;
however, the gain of motor function and functionality may
have improved the global neurological status of study pa-
tients, even though this had not been the focus of our work.

Taking into account the importance of gait, considerable
attention has been focused on the measurement and
improvement of gait velocity in persons with stroke
(Patterson et al., 2008). Nevertheless, no speed modifica-
tions were observed after training with PNF in our study. It
is suggested that individuals with chronic hemiparesis need
training overload for speed-related alterations to occur
(Sullivan et al., 2002). In the current study, subjects were
encouraged to correctly execute exercises, focusing on the
quality of tasks performed. Gait training at maximum speed
was not emphasized, since the individuals were encouraged
to walk at a comfortable, self-adjusted speed. Thus,
training may not have promoted sufficient overload to in-
crease gait velocity. Furthermore, speed stabilization may
have contributed to maintaining stride length and swing
time of both lower limbs.

Coelho et al. (2004) applied gait training with PNF
method during three weeks in chronic stroke patients, and
also observed that this training did not alter gait velocity,
stride length symmetry or other gait cycle variables.

Of all the studies using the PNF method for hemiparetic
gait rehabilitation, only Trueblood et al. (1989) investi-
gated changes in the angular parameters. These authors
report that after training there was an increase in knee
flexion during the swing phase and in the extension of this
joint during the stance phase. In our study, the program
based on PNF showed no significant modifications in the
kinematic characteristics of hip, knee or ankle joints.

Given that several gait variables, including angular, are
velocity-dependent (Trueblood et al., 1989), the absence of
speed alterations in gait also may justify the fact that no
statistically significant difference was observed in these
variables.

Limitations of this study include the absence of a control
group and sample size, which may have interfered in the
results obtained. However, considering that the study pa-
tients were all in the chronic phase of stroke (mean lesion
time of 19.64 � 9.81 months), it is not expected that the
observed improvements were due to spontaneous recovery.
In addition, this was a preliminary study.We suggest that the
training program based on PNF can be applied in experi-
mental studies with a larger sample size and control group
for comparison, allowing more effective generalization of
the results with respect to the PNF technique in rehabili-
tating functionality, motor function and hemiparetic gait.
Conclusion

This study evaluated the effects of a training program
based on PNF, which was proposed to enhance motor re-
covery of chronic stroke survivors. The results indicated
that the program resulted in improvement of motor func-
tion and functionality, suggesting that this program may be
beneficial for these outcomes, although PNF does not seem
to be effective for restoring hemiparetic gait.
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