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Introduction
Stroke is the major cause of disability. Disability associated with 

hemiplegia or hemiparesis markedly limits the independent living and 
social participation in at least half of all stroke survivors.1 Recovery 
of motor function after stroke involves relearning motor skills and 
is mediated by neuroplasticity. Although many molecular signalling 
pathways are involved, brain-derived neurotrophic factor (BDNF) 
has emerged as a key facilitator of neuroplasticity involved in 
motor learning and rehabilitation after stroke.2 Recent research has 
focused on developing rehabilitation strategies that facilitate such 
neuroplasticity to maximize functional outcome post stroke. A variety 
of neurologically based techniques are used by physical therapists in 
the treatment of hemiplegic patients. Although these techniques are 
used widely, few studies have been reported in the literature validating 
these diverse approaches for specific conditions or problems. 
Proprioceptive Neuromuscular Facilitation (PNF) is a philosophy of 
treatment based on principles of neurophysiology. Kabat3,4 suggested 
that patterns of movements performed in combination with other 
facilitatory procedures result in enhanced voluntary responses. 
The PNF approach to treatment uses the principle (based on early 
phylogenetic and embryologic observations that control of motion 
proceeds from proximal to distal body regions. Facilitation of trunk 
control, therefore, is used to influence the extremities.3–8 Studies 
reported PNF intervention in subacute and chronic stroke. Studies to 
the best of our knowledge regarding PNF implementation in acute 
stroke and its effects on neuroplasticity are still lacking.

On the other side a task-oriented exercise program as a new 
strategy focuses on functional retraining in subjects with stroke by 
using multi-system interactions, including the musculoskeletal, 
cognitive, and neurological systems.9–11 Task oriented exercise focuses 
on individual’s goals and personal needs; and using verbal and visual 
feedback during practice.9,12,13

In this study we aim to compare the effects of two therapies on 
neuroplasticity (S. BDNF) and sensory- motor recovery in patients 
with acute stroke.

Subjects and methods 
Subjects

90 subjects who were admitted to our hospital were recruited in 
this study after providing written informed consent. The study was 
approved by institutional ethical committee. Subjects were recruited 
into the study having first ever stroke, diagnosed by neurophysician 
on the basis of clinical and neuroimaging findings (CT, MRI), between 
age 40-60 years, having first time stroke. Patients were assessed 
for consciousness and orientation by Glasgow Coma Scale, stroke 
severity by NIHSS and functional level by Modified Rankin Scale. 
Sensory motor recovery was checked by Fugl-Meyer Scale. Subjects 
were divided into two groups. Group 1 was given PNF exercises and 
subjects in group 2 were given task specific training for upper and 
lower extremity. BDNF levels were assessed before and after the 
intervention of 4 weeks in both groups. Patients were discharged to 
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Abstract

Objectives: There are several approaches for rehabilitation of stroke patients. Proprioceptive 
Neuromuscular Facilitation (PNF) and Task Specific Training are the two approaches, 
known to promote motor learning and motor control. In this study we aim to compare both 
approaches on the basis of Brain Derived Neurotrophic Factor (BDNF) levels in the serum 
before and after intervention and at 6 months.

Methods: 90 subjects were recruited in this study. Subjects were divided into two groups. 
Group 1 was given PNF exercises and group 2 was given task specific training. Both group 
received intervention 30 minutes twice daily, five days a week for four weeks.

Results: PNF group showed more improvement than task specific group. There was 
significant improvement in serum BDNF levels (p=.004), FMA scores (p=.003) at 4 weeks 
and at 6 months (S. BDNF p=.001, FMA p=<.05). Group 1 showed 53.02±34.14 points and 
group 2 showed 38.82±40.24 points, which is significant. There was 5.89±4.07 ng/ ml raise 
in S.BDNF in group 1 and 3.45±4.19ng/ml in group 2 from admission to 6 months. Results 
are showing more improvement in PNF group. 

Conclusion: PNF exercises may effective in promoting neuroplasticity and functional 
activities. They are more effective if implemented as early as possible. On the basis of 
finding of our study PNF can be recommended as standardized approach of rehabilitation 
in acute stroke if the patient is able to follow the commands.

Keywords: acute stroke, proprioceptive neuromuscular facilitation, task specific training, 
BDNF, fugl-meyer assessment
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home along with the advice to continue the exercises at home along 
with the prescribed medication and followed up in OPD on monthly 
basis up to 6 months to assess further improvement or any adverse 
event.

Inclusion and exclusion criteria

The patients included having first time stroke, between the age 
of 40-70 years. Patients excluded from the study who were having 
recurrent stroke, aphasia, severe cardiac illness (MI), fracture, 
pregnancy, NIHSS>20, MMSE<19, any psychiatric illness, 
subarachnoid hemorrhage, amputation. 

Intervention

PNF exercises

PNF exercises were implemented to group 1 in cephalo-caudal 
direction. Initially the exercises were given for neck and trunk 
followed by scapula, pelvis and then upper and lower extremity.

PNF for neck: Flexion with rotation to the left and extension with 
rotation to the right and vise-Versa.

PNF for trunk: Rhythmic stabilization and alternating isometrics.

PNF for scapula and pelvis: Anterior elevation and posterior 
depression; posterior elevation and anterior depression by rhythmic 
initiation and repeated contraction.

For upper and lower extremity: D1 and D2 flexion and extension 
patterns

Task specific training

In group 2, the patients performed the following task-oriented 
exercise program for upper and lower extremity: 1) sitting on a chair 
and reaching for objects in all directions at a distance of more than 
arm’s length, 2) stepping forward, backward, and sideways on the 
exercise step, 3) performing flexion and extension of the affected knee, 
with the affected foot located on the exercise step and the unaffected 
foot off the step, 4) stepping over obstacles with different heights, 5) 
standing up from a chair, walking four steps forward, touching a stool, 
and then returning to the chair with support, 6) sitting on a Swiss ball 
while doing a range of motion and balance exercises in the trunk and 
upper extremities with support, 7) double leg standing for 10 seconds, 
8) tandem standing, or placing the heel of one foot in front of the other 
foot, for 10 seconds, 9) standing up from a chair without using the 
arms, and 10) tandem walking forward and backward with support. 
The four last exercises were performed in different situations while 
the somatosensory and vision were manipulated as follows: 1) with 
open eyes and a hard surface, 2) with open eyes and a soft surface, 
3) with closed eyes and a hard surface, and 4) with closed eyes and 
a soft surface. The difficulty level of the exercises was determined 
by increasing the number of repetitions.14 Both groups received the 
intervention for 30 minutes twice daily, five days a week for four 
weeks. 

Estimation of brain derived neurotrophic factor

Assessment of serum BDNF levels were done by Enzyme Linked 
Immunosorbent Essay (ELISA). 5ml of blood was drawn from 
anticubital vein from each subject. Blood was centrifuged and serum 
was separated and stored at -80°C. We used commercial ELISA KIT 
(Ray Biomed Human BDNF ELISA kit). ELISA was run as per kit 

protocol at 37°C. BDNF levels were assessed by reading the O.D. 
absorbance at 450 nm within 10 minutes after adding the stop solution 
(Figure 1).

Figure 1 Showing the procedure followed for estimation of serum brain 
derived neurotrophic factor.

We used statistical package of social science (SPSS) version 
20.0. The normality of data was checked by Kolmogorov Smirnov 
Test. We applied chi-square test to compare the categorical variables 
in both groups for baseline data and independent t-test to compare 
the continuous variables. We applied independent t-test to assess 
the difference in means in both groups and paired t-test to assess 
the improvement within group. A p value of <.05 was considered 
significant. Paired t-test was applied to compare the mean within 
group.

Results
The scores in our data was normally distributed (p=.890). There 

was no any significant difference in baseline characteristics in both 
groups (Table 1). 

Table1 Baseline characteristics of subjects

Group 1 
(n=49)

Group 2 
(n=41)

P 
value

Age(yrs.) 58.14±11.39 61.29±12.56 .86a

Weight (Kg) 64.60±14.62 71.60±17.38 .76a

Gender (male/female) 29/20 28/13 .21b

Side of stroke (left/
right)

30/19 25/16 .13b

NIHSS 6.53±3.79 6.65±3.49 .99a

Type of stroke 
(ischemic/hemorrhagic) 30/19 30/11 >.99b

Time since 
stroke(days) 30.29±9.14 30.57±10.32 .76a

MRS 3.75±0.56 3.68±0.75 .87a

NIHSS, national institute of health stroke scale; MRS, modified rankin scale; a, 
independent t- test; b, chi- square test

Fugl-meyer assessment

There was significant improvement in Fugl-Meyer score (Figure 
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2) in both within and in between groups (Table 2). Group 1 showed 
53.02±34.14 points and group 2 showed 38.82±40.24 points increase 
in the Fugl-Meyer scores (Figure 2) at 6 months from the baseline 
t(88)=-.30 (Table 2). P=<.05, which is quite significant.

Figure 2 Showing rise in sensory motor scores in both groups with 
significantly more in PNF group.

Table 2 Comparison of BDNF and Fugl-Meyer scores in between groups

Variables Experimental 
group

Control 
group P-value 95% CI

BDNF(ng/ml)

Admission 9.35±3.75 8.75±4.17 0.476* -1.06-2.26

4Weeks 12.14±3.16 10.33±3.35 0.004* 0.500-3.20

6 months 14.86±3.20 12.03±4.30 0.001* 1.25-4.40

FMA

Admission 157.92±42.8 155.85±44.96 0.824*
-16.36-
20.49

4Weeks 182.10±38.13 166.27±30.03 0.003* 1.24-30.42

6 months 211.00±22.84 193.24±17.98 <0.05 9.01-26.49

*Independent t- test

Serum brain derived neurotrophic factor

Rise in serum BDNF levels from baseline to 6y months were there 
in both groups. Serum BDNF levels (Figure 3) within group. There 
was 5.89±4.07 ng/ml raise in S.BDNF in group 1 and 3.45±4.19 ng/ml 
in group 2 from admission to 6 months. On comparing both groups, 
the PNF group showed more improvement in BDNF levels (Figure 3) 
as compared to the group received task specific training t(88)=0.732 
p=<.05 after intervention.

Figure 3 Showing rise in serum levels of BDNF in both groups with 
significantly more in PNF group.

Discussion
The main objective of our study was to know the technique that 

is more effective in promoting neuroplasticity. In this study we have 
compared two techniques of rehabilitation in stroke patients. PNF is an 
intensive exercise. On the other hand repeated training of specific task 
leads to permanent learning of task and brain reorganization which 
is also termed as neuroplasticity. But the question is how we come 
to know which intervention is better. The answer is we can assess 
the levels of BDNF before and after intervention. The approach that 
increases the BDNF levels in serum can be a better approach. Positive 
effects of early PNF exercises on functional outcome and quality of 
life in patients with acute stroke motivated us to assess the effects of 
PNF exercises on neuroplasticity also.15

Brain-derived neurotrophic factor (BDNF), the most abundant 
neurotrophin within the brain, is important for post stroke recovery, 
since it promotes neurogenesis and angiogenesis in animals.16,17 
BDNF is stored and released from glutamatergic neurons in a use 
dependent fashion and has been implicated in long term potentiation, 
learning, memory formation, depression and recovery from brain 
injury.18 Circulating BDNF protein levels are lowered in acute 
phase of stroke, and low levels are associated with poor long term 
functional outcome.19 In a study Stanne et al.19 has demonstrated 
that BDNF levels were lower in stroke patients as compared to 
the healthy controls. Studies in the current time are showing more 
interest in the neuroplasticity. Stroke rehabilitation must be such that 
which can raise the neurotrophin level such as BDNF, Nerve Growth 
Factor (NGF), GDNF, VEGF etc. As PNF work on the principle that 
repeated commands, traction, approximation, audiovisual cueing and 
stretch reflex is used to facilitate the impulses along the reflex arch to 
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elicit the sensory motor response. So we assessed the sensory motor 
recovery by Fugl-Meyer Scale. In our study both groups showed 
improvement in BDNF levels and Fugl-Meyer Scores but PNF group 
showed more improvement than control group. According to Ferris et 
al.20 in healthy humans, short-term exercise increases the circulating 
BDNF level.20 Release of S. BDNF is also depends upon the intensity 
of exercise. A study carried out by Jeon et al.21 on forty male students 
concluded that high intensity exercises raises S. BDNF levels at rest. 
These results also favor our study. PNF exercises are also intensive 
exercises because there is use of resistance. This may be the reason 
of more rises in S. BDNF levels. This supports findings of Rojas-
Vega et al.22 who reported that when athletes performed 10 min of 
warm-up exercises, there was no notable change in the serum BDNF 
concentration level. However, after subjects performed ramp tests, 
the level of serum BDNF significantly increased. Also, Ferris et al.20 
reported that when subjects performed 30 min of cycling at below 20% 
of threshold concentration level of ventilation (55% VO2max), there 
was no notable difference in their serum BDNF level; however, when 
they performed 30 min of cycling at higher than 10% of threshold 
concentration level of ventilation (75% VO2max), their serum BDNF 
level significantly increased.

Furthermore, several studies have reported a high serum BDNF 
concentration at rest after acute exercise.23,24 The results for the PNF 
group in the present study showed a similar trend as other recently 
conducted studies that have reported an increase in serum BDNF 
concentration at rest after the long term endurance training.23,25–27 
Therefore, it is believed that high intensity exercise will increase 
resting BDNF concentrations. In particular, Griffin et al.28 investigated 
the effect of acute and long-term cycling exercise in young adults. 
They found that cognitive function and BDNF were enhanced through 
acute exercise, and a transient increase in the motor response BDNF 
expression level was reported in the long-term aerobic exercise 
group.29–31

Conclusion
We conclude that PNF exercises are may have positive effects 

on functional outcome and they may enhance neuroplasticity. PNF 
exercises are specialized and standardized exercises which include 
neck, trunk, scapula, upper and lower extremity. Along with that 
audiovisual cues are used, which is not in any other exercises. They 
can be implemented from first day even in moderate to severe stroke.
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