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Abstract  Background: Motor training after stroke should be targeted to goals that are relevant to the functional needs of 
the patient in order to facilitate functional recovery. Therefore, combining Proprioceptive Neuromuscular Facilitation (PNF) 
and Task-specific Balance Training to facilitate Activities of Daily Living (ADL) on stroke survivors with and without 
cognitive impairment was intentioned in this study. Activities of Daily Living are those activities that people must be able to 
do routinely to be considered fully independent. Barthel Index is one of the instruments used in measuring ADL. This study 
evaluated the effect of 12 months Proprioceptive Neuromuscular Facilitation (PNF) and Task Specific Balance Training on 
Activities of Daily Living in cognitive impaired and cognitive normal stroke survivors. Methods: One hundred of 143 
available stroke survivors were recruited using convenience sampling technique in a quasi-experimental study. Those with 
and without cognitive deficits were assigned into a cognitive impaired group (CIG) and non-cognitive impaired group (NCIG) 
group, respectively. The patients were grouped into cognitive impaired mean age 55.36±10.2 and cognitive normal mean age 
50.20± 13.23 after neuropsychiatric test. Ethical approval was obtained at Nnamdi Azikiwe University Ethical Committee 
(NAUTHEC), Nnewi. The Proprioceptive Neuromuscular Facilitation comprising rhythmic initiation, repeated contraction, 
slow reversal and rhythmic stabilization and Task-specific Balance Training TSBT comprising repetitive rising from a chair 
(10 repetitions), cycle ergometer (10 mins), stepping over obstacle (10 repetitions), backward and forward progression (10 
repetitions), turning task (10 repetitions) and standing balance training (10 repetitions). TSBT was applied three times a 
week, 30mins per session, for 12 months. Four research assistants were trained to assist in each treatment session. The 
outcome measures applied were mini-mental state examination for determining the neuropsychiatric status of participants at 
baseline and Berthal index for activities of daily living. Result: The mean Berthel Index (BI) scores was significantly greater 
than the baseline values for the both CIG (F (1.729, 84.709) = 158.575, p < 0.001, with large effect size (partial eta squared) 
of .764), and NCIG (F(2.478, 121.409) = 5.787, p < 0.001 with large effect size (partial eta squared) of 0.549). Conclusion: 
There was improvement in Activities of Daily Living (ADL) of the subacute stroke survivors with and without cognitive 
impairments after 12 months PNF and Task Specific Balance Training protocol adapted in this study. 
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1. Introduction 
Activities of daily living (ADLs) are basic self-care tasks, 

akin to the kinds of skills that people usually learn in early 
childhood. They include feeding, toileting, selecting proper 
attire, grooming, maintaining continence, putting on clothes, 
Bathing, walking and transferring (such as moving    
from bed to wheelchair).  To effectively carry out  ADL an  
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individual needs to be physically fit, so as to maintain 
upright posture which is essential to maintain balance and 
balance is negatively affected by postural control [1] 
Additionally, ADL demands from an individual that he/she 
must be mentally sound and coordinated in other to prioritize 
and process information which is essential for daily living. 
The ability to be physically and mentally sound is 
challenged among stroke survivors, due to the loss of brain 
function resulting from focal disturbances in the blood 
supply or oxygen to the brain, previously suffered by this 
group of individuals. Stroke survivors are people that had 
stroke at one point or the other suffered from cerebrovascular 
accident or stroke and might be left with residual deformities. 
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The residual deformity could be resulting from loss of 
function from the affected area of the brain which might 
cause inability to move one or more limbs on one side [2]. 
Residual deformities are the major cause of morbidity in the 
elderly, resulting not only in physical disability but also 
significant cognitive impairment. Stroke survivors often 
have deficit in motor control which contributes to balance 
impairment [3, 4], postural control and mobility [5], and 
reduced proprioception [6]. These deficits also known as 
post-stroke syndrome negatively impact activities of daily 
living and social participation [7]. Moreover, reduced static 
and dynamic balance associated with post-stroke residual 
deformities are major risk factors of fall and fear of falling 
[8, 9] and limit the ability to perform activities of daily 
living [12]. Any health challenge capable of influencing the 
Barthel index scores of stroke survivors can alter the 
performance of ADL by either increasing dependence or 
enhancing independence. Cognitive impairment occurs in 
35.2%–43.9% of the patients three months after stroke and 
may continue for a longer time in approximately 1/3 of the 
patients [11-13]. Post-stroke residual deficits or impairments 
may lead to decrease in functional abilities of stroke 
survivors; thereby affecting their rehabilitation outcomes [14, 
6].  

Because of the negative impact of residual impairment on 
stroke survivors’ ADL [15-18] especially those with 
cognitive impairment, a more robust rehabilitation approach 
needs to be integrated into the conventional management 
plan in order to reduce their dependence in performance of 
activities of daily living and better their reintegration into the 
community especially in Nigerian environment. There were 
scientific evidences from literature reviews that PNF as well 
as Task Specific Balance Training (TSBT) when used as a 
standalone therapeutic intervention technique was beneficial 
in stroke rehabilitation [19, 20]. This study sorts to explore 
the beneficial effect of using the two in combination in order 
to maximize the potential bolstering effects in recovery of 
activity of daily living of cognitive impaired and 
non-cognitive impaired stroke survivors. 

2. Methodology 
A multi-center quasi-experimental study of 143 stroke 

survivors, who were selected using convenience sampling, 
was conducted at four hospitals: Nnamdi Azikwe University 
Teaching Hospital, Myles Specialist Hospital, Hope 
Specialist Hospital and Mercy Specialist Hospital. The 
patients recruited were treated at facilities with the required 
equipment: Landmark Physiotherapy Services, Nnewi and 
Department of Physiotherapy, Nnamdi Azikiwe University 
Teaching Hospital, Nnewi.  

The sample size was determined using a mathematical 
relationship recommended by a previous author [21]:   

N =  
2(Z1 + Z2)2

(ES)2  

ES = standardized difference of variable with the least 
possible change = mean difference ÷ 

Standard deviation= 1.8/3.0= 0.60; N= sample size for a 
group; Z1 = percentage point of normal distribution for 
statistical significance level at 95% confidence Interval = 
1.96; Z2 = percentage point of normal distribution for 
statistical power at 80% = 0.8416; N = 2 (1.96 + 0.84)2/ 
(0.60)2 = 15.68/0.36 = 43.56 = 44; N = 2x44 = 88. About  
70% of the population was expected to be compliant, and 
therefore an attrition rate of 30% of the calculated sample 
size i.e. 30/100 x 88 = 26), was added to the sample size. 
Therefore, N (total sample size) = 88 + 26 = 114. However, 
143 participants were available, and were recruited, but only 
100 (comprising 85 and 58 participants with and without 
cognitive impairments, respectively) of them completed the 
study. 

The inclusion criteria were (i) adults of between 
30-65years of age, (ii) diagnosis of Ischemic stroke by a 
physician, (iii) adjudged cognitively impaired and 
non-cognitively impaired by neurologist and a psychiatrist 
using the mini mental state examination, (iv) stroke duration 
≥ 3 months but ≤ 6 months, (v) participants at high risk 
ambulatory status, (vi) no history of other neurological, 
metabolic or orthopedics conditions and (x) domiciled 
within Nnewi and its environs (Ichi, Amichi, Orifite, Utuh, 
Ozubulu), and (xi) must be literate. 

Ethical Approval: Ethical Consideration. Ethical 
approval from the Nnamdi Azikiwe University Teaching 
Hospital Ethical Committee (NAUTHEC), Nnewi, was 
obtained alongside a supervision approval from a Consultant 
Neurologist. All the participants gave their informed consent 
to participate in the study after the purpose was explained to 
them. They were also assured of the confidentiality of the 
information they provide. It was made clear to the 
participants that they have the right to refuse to participate or 
to withdraw at any stage of the project, and these rights were 
respected all through the research procedure. 

2.1. Intervention Procedures 

2.1.1. Proprioceptive Neuromuscular Facilitation (PNF) 
The PNF technique/ strengthening program that was 

applied comprised rhythmic initiation, repeated contraction, 
slow reversal and rhythmic stabilization, 

1.  Rhythmic initiation- the participants were made to 
progress from passive to active resistance, then 
followed by active movements. It was applied for 
those participants to teach movement to the 
participants. 

2.  Repeated contraction. Here the participants were 
allowed to move their limb isotonically through 
resistance just before fatigue was present. 

3.  Slow reversal. Participants were made to contract the 
agonist and immediately after the antagonist. It was 
intended for developing active range of motion and 
coordination between agonist and antagonist. It was 
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also used to increase strength of a specific Range of 
motion 

4.  Rhythmic stabilization. This technique was used to 
elicit isometric contraction of agonist followed by 
isometric contraction of antagonist. It was also used to 
achieve the holding power of a targeted range of 
motion. 

Ten repetitions of each pattern were done before 
proceeding to the next pattern, in line with what obtains in 
previous PNF studies [22, 23]. After the set of pattern were 
completed, it was repeated twice in each treatment session 
making 3 sets per session. This usually lasted about 30 
minutes per participant per session. However, the PNF 
training were applied equally in terms of intensity, frequency 
and duration, irrespective of laterality of stroke and the set 
used in the study were as described by Knott and Voss [24] 
for the following: 
1. Lower extremity: 

1.  abduction-external rotation (knee flexed and knee 
extended) 

2.  Extension-adduction –internal rotation (knee flexed 
and knee extended) 

3.  Flexion-adduction-internal rotation (knee flexed and 
knee extended) 

4.  Extension –abduction-external rotation (knee flexed 
and knee extended) 

2. Upper extremity: 
1.  Flexion-abduction-external rotation (elbow flexed and 

elbow extended). 
2.  Extension-adduction-internal rotation (elbow flexed 

and elbow extended). 
3.  Flexion-adduction-internal rotation (elbow flexed and 

elbow extended). 
4.  Extension-abduction-external rotation (elbow flexed 

and elbow extended) 
A pamphlet containing the described patterns also served 

as treatment guide during training. [25]. 
2.1.2. Task Specific Balance Training (TSBT) 

The Tasks specific activities that were initiated to train 
balance include; 

1.  Graded strengthening (repetitive rising from a chair) – 
10 repetition 

2.  Aerobic training (cycle ergometer) - 5 repetitions 
3.  Walking tasks (stepping over obstacle) - 10 repetitions 
4.  Standing balance-10 repetitions 
5.  Forward and backward and forward progression - 5 

repetitions 
6.  Turning task - 10 repetitions 
These tasks were participants’ specific (made flexible 

according to the need of the individual patient) and lasted for 

an average of 30 minutes to reduce the chance of their getting 
fatigued. However, the same intensity, frequency and 
duration of treatment were administered on the participants 
irrespective of laterality- left or right sided of the cerebral 
lesion. Patients were dressed in a pair of shorts vest so as to 
make them comfortable for the exercise. They were also 
allowed to wear appropriate sized flat-heeled shoes or bare 
footed as the case may be. An interval of 10 minutes rest was 
allowed for the participants and deep breathing exercises 
performed during rest period to enhance recovery. Patients 
were closely monitored to prevent any adverse 
cardiovascular or respiratory reactions as a result of the 
training. The training was timed with a stop watch (diamond 
model, made in China) and scheduled between 9 am -1pm on 
the appointment days. Data were collected at baseline, 4th, 8th 
and 12th months, respectively to build a profile and track the 
trend of change. 

2.2. Outcome Measures 

2.2.1. Mini-mental State Examination (MMSE) was 
used by the researchers to assess global cognition which 
comprised items concerning orientation, registration and 
recall, attention, language, following commands and figure 
copying for those stroke cases that had minimum of 3months 
duration. The cut off score was 23/24. Those below the cut 
off were deemed to be cognitively impaired while those 
above the cut off were deemed to be cognitively normal. 
MMSE is brief, inexpensive, and simple to administer. Its 
widespread use and accepted cut off scores increases its 
interpretability. However, it has low sensitivity with people 
with mild cognitive impairment [26]. 

2.2.2 Barthel Index (BI) helps to evaluate 10 different 
areas of ADL: feeding, transfers, grooming, toilet use, 
bathing, mobility, stair climbing up and down, dressing, 
bowel and bladder control. Total score changes between 
0–100. Higher score shows better performance in ADL. The 
degree of familiarity of BI contributes to its interpretability. 
It has high acceptability and is simple to administer without 
any special training hence making it to be of high feasibility. 
[27] 

2.3. Statistical Analysis 

Statistical Analysis was performed by using SPSS version 
20: Descriptive statistic of Mean ± SD was used in the 
analysis of demographic and baseline characteristics. The 
raw data was tested for normality using Shapiro-wilks test, 
while Log Transformation was utilized to normalize the data. 
Repeated Analysis of Variance (ANOVA) was adopted to 
compare variations within each group; independent t-test 
was applied to compare variations between the two treatment 
groups. Probability value less than 0.05 was considered 
statistically significant. 

 



4 Okonkwo U. Prosper et al.:  Effects of Proprioceptive Neuromuscular Facilitation and Balance Training  
on Activities of Daily Living (ADL) of Stroke Survivors with and without Cognitive Impairment 

 

 

 

Figure 1.  Subject Selection Flow Chart 

 

3. Results 
A total of 143 participants that commenced the treatment 

43 dropped out before the 6th month of the study for various 
reasons. Meanwhile, in the cognitive group, 10 participants 
missed their follow-up appointments, 11 deaths were 
recorded as serious adverse events; while 14 others tended 
towards dementia. The non-cognitive group had 6 
participants that missed their follow up appointments, 2 
deaths which were reported had a serious adverse event. 
However, only 100 participants completed the entire study. 
In the cognitive group, the compliance level was 58.82% 
while the non-compliance level was 41.18%. The high level 
non-compliance recorded in the cognitive group may be 
explained by the greater number of loss in follow up 
associated with death and loss of memory.  

The baseline characteristics in table 1 showed the number 
of male and female participants were 23(46%) and 27(54%), 
respectively, for the cognitive group, while the non-cognitive 
had 22(34%) and 28(56%) for the males and females, 
respectively. Their mean age differed significantly (p<0.05) 
and was recorded as 53.94±9.316 years and 49.30±12.214 
years for the cognitive and non-cognitive groups, 
respectively. However, the duration of stroke and body mass 
index were not significantly different (p>0.05) for the both 
groups. The both types of stroke were common among the 
traders (business men) and civil servants with professional 
workers having the least incidence of stroke. The other 
physical characteristics of the participants are presented in 
Table 1. 

The mauchly’s test indicated that assumption of sphericity 
had been violated by the Barthel index scores for CIG, 

Analyzed (n= 50) 
Total compliance = 86 21% (50/58) 
 

     

Analyzed (n= 50) 
Total compliance = 58.82% (50/85) 
 

     

Allocated to non-cognitive group  
(n= 58) 
 

Allocated to cognitive group (n= 85) 
 

Discontinued intervention 
- Due to loss to follow up (n=6) 
- Death (n=2) 
-Dementia (n=0) 
 
Total non-compliance = 13.79% (8/58) 

Discontinued intervention 
- Due to loss to follow up (n= 10) 
- Death (n=11) 
- Dementia (n=14) 
 
Total non-compliance = 41.18% (35/85) 

Subjects excluded for not meeting 
the inclusion criteria (n= 58) 
 

Subjects conveniently allocated  
(N= 143) 
 
 

Subjects with ischemic stroke for 
eligibility (N=201) 
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therefore degrees of freedom was corrected using 
Greenhouse Geisser estimates of sphericity. The mean scores 
for Barthel index scores were statistically significantly 
different: (F (1.729, 84.709) = 158.575, p < 0.001. The effect 
size (partial eta squared) was large = .764. Also the 
mauchly’s test indicated that assumption of sphericity had 
been violated by the Barthel index scores for NCIP, therefore 
degrees of freedom was corrected using Greenhouse Geisser 
estimates of sphericity. The mean Barthel index scores were 
statistically significantly different: (F (2.478, 121.409) = 
5.787, p < 0.001. The effect size (partial eta squared) was 
large = .549 (Table 2). 

An independent-samples t-test was conducted to compare 
the Barthel index scores of cognitive and non-cognitive 
impaired stroke survivors. There was significant difference 
in baseline Barthel Index scores for the CIG= 42.225 ± 7.267 
and NCIG 59.960 ± 15.693; t (97) = -7.191, p= .001. After 
12 months intervention the independent t-test analysis 
revealed no significant difference in mean scores for CIG: 
75.042 ± 12.553 and NCIG: 79.260 ± 14.909; t (97) = -1.522, 
p= .131 and p-value was not statistically significant ( p > .05). 
(Table 3) 

Table 1.  Baseline Characteristics of Participants 

Characteristic Cognitive Non-cognitive p- value 
Number (n) 50 50  

Age 53.94 ± 9.316 49.30 ± 12.214 .041* 
Male 23 (46%) 22 (34%)  

Female 27 (54%) 28 (56%)  
Duration (months) 3.96 ± 1.029 4.04 ± 1.106 .928 

Height 1.706 ± .0699 1.711 ± .0453  
Weight 78.760 ± 5.635 79.760 ± 6.1397  

BMI (kgM’2) 27.20 ± 2.80 27.196 ± 2.80 .863 
Ischemic    
Left (%) 30 (60%) 18(36%)  

Right (%) 20 (40%) 32 (64%)  
Occupation    

Business (%) 20 (40%) 23 (46%)  
Civil servant (%) 14 (28%) 13 (26%)  
Professional (%) 1 (2%) 2 (4%)  
Dependent (%) 9 (18%) 11 (22%)  

Others (%) 6 (12%) 1 (2%)  

* Indicates significant difference at α = 0.05, BMI = Body Mass Index 

Table 2.  Effect of Proprioceptive Neuromuscular Facilitation and Task Specific Balance Training on Activities of Daily Living of CIG and NCIG 

Period Type 
Mean + SD 

Raw 
Mean + SD 

Transformed 
Mean Diff. % Change P-value Conf. Inter. 

Baseline- 4 
Months 

CIG 
 

42.481 ± 7.415 
51.400 ± 9.968 

1.622 ± .0752 
1.704 ± .083 

8.919 
 

20.995 
 

.001* 
 

-2.896- 
-1.104 

Baseline-    
4 Months 

NCIG 
 

59.960 ± 15.693 
69.340 ± 16.412 

1.762 ± 1.235 
1.826 ± .121 

9.38 
 

15.648 
 

.001* 
 

-14.570- 
-4.190 

B/ 
12 months 

CIG 
 

42.481 ± 7.415 
76.240 ± 12.504 

1.622 ± .075 
1.869 ± .079 

33.759 
 

79.468 
 

.001* 
 

-5.837- 
-3.693 

B/ 
12 months 

NCIG 
 

59.900 ± 15.693 
79.260 ± 14.909 

1.762 ± .124 
1.890 ± .094 

19.360 
 

32.559 
 

.001* 
 

-24.785- 
-13.815 

4/ months 
8months 

CIG 
 

51.460 ± 9.968 
70.900 ± 14.346 

1.704 ± .083 
1.841 ± .095 

19.440 
 

35.695 
 

.001* 
 

-2.372- 
-708 

4 months/ 
8 months 

NCIG 
 

69.340 ± 16.414 
77.100 ± 16.108 

1.826 ± .1211 
1.890 ± .042 

.7.76 
 

11.191 
 

.001* 
 

-11.502- 
-3.958 

8 months/ 
12 months 

CIG 
 

70.900 ± 14.346 
75.240 ± 12.504 

1.841 ± .085 
1.869 ± .075 

5.14 
 

7.249 
 

.001* 
 

-2.064- 
-376 

8 months/ 
12 months 

NCIG 
 

77.100 ± 16.108 
79.260 ± 14.909 

1.876 ± .1054 
1.890 ± .0842 

2.16 
 

2.802 
 

.001* 
 

-3.618 - 
-622 

Values are presented as the mean standard Deviation. *Significant difference at α = 0.05; CIG. = (F (1.729, 84.709) = 158.575, p < 0.001with large effect size 
(partial eta squared) of 0.764; NCIG. (F (2.478, 121.409) = 5.787, p < 0.001 with large effect size (partial eta squared) of 0.549; SD= Standard Deviation, 
CIG = Cognitive Impaired group, NCIG=Non-cognitive Impaired Group, p-value= Significant difference, Conf. Interv. = Confidence Interval, B= baseline 
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Table 3.  Independent t-test for CIG and NCIG at baseline, 4th, 8th and 12th months 

Type BI0 BI4 BI8 BI12 

CIG 42.225 ± 7.267 51.286 ± 9.968 70.877 ± 14.482 75.042 ± 12.553 
NCIG 59.960 ± 15.693 69.340 ± 16.414 77.100 ± 16.108 79.260 ± 14.909 
t-value -7.191 -6.594 -2.020 -1.522 

p.value .000* .000* .811 .322 
Conf. Interv -22.631 - -12.840 -23.488 - -12.620 -12.337 - - .108 -9.722 - -1.284 

Values are presented as the mean standard Deviation *Indicates significant difference at α = 0.05, CIG= cognitive impaired group, NCIG= non-cognitive 
impaired group, Conf. Interv. = Confidence Interval, BI0= Barthel Index at baseline, Barthel Index at 4th month, BI8= Barthel Index at 12th month 

 
 

4. Discussions 
The baseline characteristics revealed that a total of 100 

stroke survivors (50 cognitive and 50 non-cognitive) 
completed the study. The ratio of the male to female was 
matched in the two groups; therefore, the differences in sex 
were consistent and indicate the similarity of the samples to 
rule out gender effect in this context. It was further revealed 
that both the duration of stroke and the body mass index 
were not significantly different between the two groups. It 
appears that traders and civil servants were vulnerable to 
stroke than other professionals, which may be induced by 
work related stress increasing the activities of reactive 
oxygen species leading to degenerative changes of the 
vasculature. Therefore, the high incidence of stroke in the 
two occupations may be attributed to the preponderance of 
this group of participants in the general population hence 
increasing the possibility of stroke. 
Strength and limitations of study 

This work was limited by the high level of noncompliance 
from the cognitive group and by the limited number of 
participants. However, there were significant age differences 
between the two groups which were not unexpected 
considering that the subjects were not randomly selected. 
This may be a weakness for the study design, as age is an 
important confounding variable for balance function, 
Perhaps, this difference between the groups may add to the 
explanations that up to the 4th month of the intervention study, 
there were significant differences in the outcome measures 
across both groups. However, this was no longer evident at 
the 8th – 12th month of the TSBT intervention. This could be 
an indication that age-related differences and cognitive 
dysfunction may not suppress gains in ADL function when 
PNF /TSBT is given beyond the 8th month. It is also possible 
that PNF/TSBT may have a dose-response curve which, 
might shift to the right towards the 3rd quartile of the 
12-month intervention program. 

This finding agrees with the results of a previous study 
which found that old and even very old patients with stroke 
benefit from specialized inpatient neuro rehabilitation and 
high amounts of therapy in the same degree as younger 
patients. [28]. The above finding contradicted the earlier 
views of the American Heart Association [29] that the 

younger stroke patients benefited more by stroke unit 
rehabilitation compared with older patients. What is 
however strikingly different from the two studies above was 
that they were short term studies, unlike this study that was 
a long-term study. 

The Activities of Daily Living (ADL) in within group 
analysis for cognitive impaired stroke survivors showed a 
statistical significant improvement (p < 0.05) as well as that 
for the non-cognitive group. This outcome showed that both 
categories of stroke survivors had improvement after the first 
four months of exercise intervention. We also noted that 
between 4 months and 8 months there was also statistical 
significant increases p <. 0.05 in the activities of daily living 
for the two groups; however, the percentage change in the 
ADL was higher in the CIG than NCIG. Similarly we noted 
that the trend of improvement continued between 8 and 12 
months of intervention though with an inclination towards a 
plateau. The outcome of this analysis revealed that for CIG 
that the highest mean change resulting from the exercise 
intervention was recorded between 4 and 8 months of 
intervention while the NCIG was between baseline and 4 
months. However, there is paucity of literature to explicitly 
explain the improvement pattern as regards response to 
exercise noticed above however it may be postulated that 
because of the presenting cognitive status at baseline that it 
took the cognitive impaired group longer time to adapt to the 
exercise training compared to the cognitive normal group. 
We interestingly noted that the least mean difference was 
recorded between 8 and 12 months post intervention for the 
two groups. This could be attributed to the improvement 
plateaus (exercise intervention was not bringing about much 
improvement in the ADL status of the stroke survivors 
subjected to PNF and TSBT) in the two groups likely 
because of the minimal effects of neuroplasticity. The BI 
scores at baseline and 12 months were significantly different 
(p < .0.05) for the two groups (CIG and NCIG) with large 
effect size (partial eta) of .793 and .500 respectively. 
Moreover the independent t-test as shown in table 3 shows 
significant (p < 0.5) at baseline and 4th month while between 
the 8th month and 12th month there was no significant 
different (p > 0.5) between the two groups. This pattern of 
improvement was in tandem with the findings of Gbiri and 
Akinpelu, 2011 [30] which stated that the recovery in stroke 
survivors witnessed clinically significant but statistically 
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insignificant improvement to 12-month. Also a number of 
researches showed significant recoveries in ADL after 
intensive physical therapy intervention; Kwakkel and 
Wagenaar, were able to show that a rehabilitation program 
comprising mainly the PNF technique led to improvement in 
voluntary movement of the hemiplegic lower limb, in arm 
functions and Activities of Daily Living (ADL) [31]; Zinn 
concluded that improvement rate of more complex life 
activities as measured by Lawton instrumental ADL score 
was lower among the stroke patients with cognitive 
impairment but cognitive impairment did not have negative 
effect on recovery of ADL [19]. Another study showed that 
acute stroke patients with cognitive impairment had 
significant functional gain after rehabilitation intervention 
and that cognitive impairment did not completely block the 
efficacy of rehabilitation [20]. It has been found that 
cognitive impairment did not lead to decrease in the efficacy 
of outpatient rehabilitation, and has no effect on the 
treatment duration and functional recovery in the elderly [32]. 
The long term management adopted in this study was in line 
with the finding that because cognitive impairment was 
associated with decreased ADL and independent ADL 
functions that patient with impaired cognition will require 
prolonged rehabilitation. The outcomes of some studies were 
however at conflicts with the improvement recorded in this 
research work this may be explained by short-term 
management approach adopted in those studies [19, 20]. 
Reduced cognition had been associated with a decreased 
ability to perform ADLs, with poorer physical functioning at 
discharge and with a greater likelihood of mortality within 1 
year of discharge [33]; also the reason according to Diamond 
et al for the poor functional outcome among the cognitive 
impaired geriatric patients compared with non-cognitive 
impaired was the low functional status at admission to 
rehabilitation unit. The same study also noted that although 
rehabilitation intervention was successful in patients with 
cognitive impairment, functional capacity was low at 
discharge when compared to non-cognitive impaired post 
stroke survivors [14]. However, the review of previous 
studies conducted during planning of the present study, the 
findings were contradictory on the subjects with cognitive 
impairment having negative effect on rehabilitation 
intervention and functional outcome in stroke. This may be 
due to the different features of participants such as age, 
duration of disease on admission to rehabilitation as well as 
severity of the cognitive impairment. [34]. The intervention 
approach adopted which applied the principle of enhanced 
neuroplasticity and cortical reorganization in the present 
study may have impacted positively on the ADL 
improvement noted in the two groups. Additionally, the 
present study also revealed that the rate and extent of 
recovery post stroke depends largely upon the initial degree 
of impairment, on an intact cortex adjacent to the lesion, and 
on the timing and intensity of the rehabilitation. [33, 15]. 
Meanwhile, improvement of motor activity was noted post 
stroke due to marginal recovery of functional neurons and 

lastly reorganization of neural functions (neuroplasticity)  
[15, 35]. The initial finding from previous studies by [33, 34] 
revealed that stroke deficits were  permanent after 3 to 6 
months making further intervention unnecessary, but the 
outcome of this research work support the findings that 
subjects with stroke improve their motor function even in the 
chronic state (longer than 6 months) due to neuroplasticity 
[36]. 

It is believed that since PNF achieves its maximal effects 
by cumulative effect [37], the duration, length and intensity 
of exercise intervention employed in this study may have 
aided the full manifestation of vital cumulative effects that 
made significant impact on the ADL status of both groups of 
stroke survivors. The PNF/TSBT intervention employed in 
this study may have influenced the enriched environments 
coupled with the repetitive nature of the exercises that 
excited the interest of the participants, consequently 
stimulating participation of subjects in the training inducing 
long-lasting motor learning and associated cortical 
reorganization [38, 39]. This may be associated with the 
finding that task-specific training emphasizes the repetitive 
practice of skilled motor performance thereby improving 
individual functional abilities [40, 41] and that repetitive 
task-specific training was found to elicit better functional 
improvements compared to non-repetitive training [42, 43]. 
Therefore, task-specific training may be said to effectively 
recover a wide array of motor behaviors involving the upper 
limbs, lower limbs, sit-to-stand movements, and gait after 
stroke [44-47]. Significantly, the outcome of this study 
showed that there was strong evidence to explain that 
adaptive neural plasticity induced by PNF and task-specific 
training enhanced functional motor recovery [48, 30, 38, 49] 
in both groups. 

5. Conclusions 
The findings of this study made the authors to conclude 

that ADL status of sub-acute stokes survivors improved 
significantly in both groups, irrespective of cognitive status 
of the subjects due to long term PNF/TSBT intervention 
approach utilized in this research. Specifically, because 
participants in this study were not very old and had mostly 
mild to moderate cognitive impairment, prolonged 
rehabilitation utilized in this study had positive impact in the 
outcome. In essence age and mild or moderate cognitive 
impairment in long term PNF/balance training does not 
significantly impede activities of daily living (ADL) and 
recovery during rehabilitation. The authors speculated that 
similarities in outcomes between the two groups were 
influenced by interplay of factors thus highlighted: 
participants not being very old; mild or moderate cognitive 
impairment; enriched environment created by the 
intervention protocol; intensity of the exercise; and 
neuroplasticity.  
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6. Recommendations 
A long term task specific balance training that is 

multi-level in approach should be adopted in stroke 
rehabilitation program. Age and mild or moderate cognitive 
impairment should not be seen as a hindrance to effective 
rehabilitation program. More studies are necessary which 
will involve more sample size to enhance generalizability. 

ACKNOWLEDGMENTS 
This work was part of a Thesis submitted to the School of 

Postgraduate Studies, University of Nigeria, Nsukka, Nigeria 
in part fulfillment of the requirements for the award of the 
Doctor of Philosophy (PhD) in Neuro Rehabilitation. 

 

REFERENCES 
[1] Karatas M., Çetin N.,. Bayramoglu M, Dilek A, “Trunk 

muscle strength in relation to balance and functional 
disability in unihemispheric stroke patients,” American 
Journal of Physical Medicine and Rehabilitation, vol. 83, no. 
2, pp. 81–87, 2004. 

[2] Donnan GA, Fisher M, Macleod M, Davis SM: "Stroke" 
Lancet. 2008; 371 (9624): 1612–23. 

[3] Walker E. R., Hyngstrom A. S., Schmit B. D, “Influence of 
visual feedback on dynamic balance control in chronic stroke 
survivors,” Journal of Biomechanics, vol. 49, no. 5, pp. 
698–703, 2016. 

[4] Kim N, Park Y, and Lee B. H, “Effects of community-based 
virtual reality treadmill training on balance ability in patients 
with chronic stroke,” Journal of Physical Therapy Science, 
vol. 27, no. 3, pp. 655–658, 2015. 

[5] Michael K. M, Allen J. K, Macko R. F, “Reduced ambulatory 
activity after stroke: the role of balance, gait, and 
cardiovascular fitness,” Archives of Physical Medicine and 
Rehabilitation, vol. 86, no. 8, pp. 1552–1556, 2005. 

[6] Tyson S. F,. Sadeghi-Demneh E, and Nester C. J, “The effects 
of transcutaneous electrical nerve stimulation on strength, 
proprioception, balance and mobility in people with stroke: a 
randomized controlled cross-over trial,” Clinical 
Rehabilitation, vol. 27, no. 9, pp. 785–791, 2013. 

[7] Lai S.-M, Studenski S., Duncan P. W, Perera S., “Persisting 
consequences of stroke measured by the stroke impact scale,” 
Stroke, vol. 33, no. 7, pp. 1840–1844, 2002. 

[8] Schinkel-Ivy A., Inness E. L, Mansfield A., “Relationships 
between fear of falling, balance confidence, and control of 
balance, gait, and reactive stepping in individuals with 
sub-acute stroke,” Gait & Posture, vol. 43, pp. 154–159, 
2016. 

[9] Schmid A. A, Rittman M., “Consequences of poststroke falls: 
activity limitation, increased dependence, and the 
development of fear of falling,” American Journal of 
Occupational Therapy, vol. 63, no. 3, pp. 310–316, 2009. 

[10] Frändin K., Grönstedt H,. Helbostad J. L: “Long-term effects 

of individually tailored physical training and activity on 
physical function, well-being and cognition in scandinavian 
nursing home residents: a randomized controlled trial,” 
Gerontology, vol. 62, no. 6, pp. 571–580, 2016. 

[11] Tatemichi TK, Desmond DW, Stern Y, Paik M, Sano M, 
Bagiella E. Cognitive impairment after stroke: frequency, 
patterns, and relationship to functional abilities. Journal    
of Neurology Neurosurgery and Psychiatry. 1994; 57(2): 
202–207. 

[12] Patel M, Coshall C, Rudd AG, Wolfe CD. Natural history of 
cognitive impairment after stroke and factors associated with 
its recovery. Clinical Rehabilitation. 2003; 17(2): 158–166. 

[13] Lawrence ES, Coshall C, Dundas R, et al. Estimates of the 
prevalence of acute stroke impairments and disability in a 
multiethnic population. Stroke. 2001; 32(6): 1279–1284. 

[14] Diamond PT, Felsenthal G, Macciocchi SN, Butler DH, 
Lally-Cassady D.: Effect of Cognitive Impairment on 
Rehabilitation Outcome. American Journal of Physical 
Medicine and Rehabilitation; 1996; 75(1): pp 40–43. 

[15] Patel AT, Duncan PW, Lai SM, Studenski S. (2000): The 
relation between impairments and functional outcomes 
post-stroke. Arch Phys Med Rehabil; 2000; 81(10):1357– 
1363. 

[16] Stephens S, Kenny RA, Rowan E, et al. Association between 
mild vascular cognitive impairment and impaired activities of 
daily living in older stroke survivors without dementia. 
Journal of the American Geriatrics Society. 2005; 53(1): 
103–107. 

[17] Ozdemir F, Birtane M, Tabatabai R, Ekuklu G, Kokino S. 
Cognitive evaluation and functional outcome after stroke. 
American Journal of Physical Medicine & Rehabilitation. 
2001; 80: 410–415. 

[18] Giaquinto S, Buzzelli S, Di Francesco L, et al. On the 
prognosis of outcome after stroke. Acta Neurologica 
Scandinavica. 1999; 100(3):202–208. 

[19] Zinn S, Dudley TK, Bosworth HB, Hoeing HM, Duncan PW, 
Horner RD. (2004): The effect of Post stroke Cognitive 
Impairment on Rehabilitation Process and Functional 
Outcome. Archives of Physical Medicine and Rehabilitation; 
85(7): 1084–1090. 

[20] Rabadi MH, Rabadi FM, Edelstein L, Peterson M. 
Cognitively impaired stroke patients do benefit from 
admission to an acute rehabilitation unit. Archives of Physical 
Medicine and Rehabilitation. 2008; 89(3): 441–448. 

[21] Macfarlane TV.: Sample Size Determination for Research 
Projects. British Orthodontic Society; 2003; 30 (2): 99-100. 

[22] Duncan P, Richards L, Wallace D, Stoker-Yates J, Pohl P, 
Luchies C, Ogle A and Studenski S.: A randomized, 
controlled pilot study of a home-based exercise programme 
for individuals with mild and moderate stroke. Stroke. 1998; 
29: 2055-2060. 

[23] Duncan P, Studenski S, Richards L, Gollub S, Lai SM, Reker 
D, Pererra S, Yates J. Koch V, Rigler S and Johnson D: 
Randomized clinical trial of therapeutic exercise in subacute 
stroke. Stroke. 2003; 34: 2173-2180. 

[24] Knott M. and Voss D E.: Proprioceptive Facilitation: patterns 
and techniques. 1985 (3rd Edition), New York. Harper and 



 International Journal of Stroke Research 2017, 5(1): 1-9 9 
 

 

Row, Publishers. 

[25] Akosile, C.O., Adegoke, B.O.A., Johnson, O.E., Maruf, F.A. 
(2011): Effects of Proprioceptive Neuromuscular Facilitation 
Technique on the Functional Ambulation of Stroke Survivors. 
Journal of the Nigeria Society of Physiotherapy. 2011; 18 & 
19. 

[26] Salter K, Jutai J, Zettler L, Moses M, Maclure AFoley N, 
Teasell R; (2011): Outcome Measure in Stroke Rehabilitation; 
EBRSR, pg 34. 

[27] Salter K, Jutai J, Zettler L, Moses M, Maclure AFoley N, 
Teasell R; (2011): Outcome Measure in Stroke Rehabilitation; 
EBRSR, pg 49. 

[28] Knecht S, Roßmüller J, Unrath M, et al. (2016): Old benefit as 
much as young patients with stroke from high-intensity 
neurorehabilitation: cohort analysis J Neurol Neurosurg 
Psychiatry; 87: 526–530. 

[29] Lalit K, 1994; Does Age Affect Benefits of Stroke Unit 
Rehabilitation? America Heart association: Stroke. 1994; 25: 
346-351. 

[30] Gbiri CA and Akinpelu AO. Pattern of Post-stroke Functional 
Recovery among Nigerian Stroke Survivors in the First 12 
Months. Nigerian Quarterly Journal of Hospital Medicine 
2011; 21(3): 245-248. 

[31] Kwakkel G, Kollen B, Lindeman E. Understanding the 
pattern of functional recovery after stroke: facts and theories. 
Restorative Neurology and Neuroscience. 2004; 22(3-4): 
281–299. 

[32] Yu F, Richmond T. Factors affecting outpatient rehabilitation 
outcomes in elders. Journal of Nursing Scholarship. 2005; 
37(3): 229–236. 

[33] Teasell R, McClure A, Salter K, Murie-Fernandez M.: 
Cognitive Recovery Post Stroke Educational Supplement. In: 
Evidence-Based Review of Stroke Rehabilitation Educational 
Module. 2014. 

[34] Nurdan P, Derya B, Demet T, Betiil, K and Caglayan D: 
Impact of Cognitive Impairment on Functional Outcome in 
Stroke; Stroke Research and Treatment. 2010. 

[35] Pascual-Leone A, Amedi A, Fregni F, Merabet LB.: The 
plastic human brain cortex. Ann Rev Neurosci. 2005; 28: 
377–401. 

[36] Srivastava A, Taly AB, Gupta A, Kumar S, Murali T: 
Post-stroke balance  training: role of force platform with 
visual feedback technique. J Neurol Sci. 2009; 287(1–2): 
89–93. 

[37] Wong RY.: Effect of PNF on Gait of Patients with 
Hemiplegia of Long and Duration and Short Duration. 
Physical Therapy, (12): 1994 1108: 1115. 

[38] Bayona NA, Bitensky J, Salter K, Teasell R. The role of 
task-specific training in rehabilitation therapies. Topics in 
Stroke Rehabilitation. 2005; 12(3): 58–65. 

[39] Richards LG, Stewart KC, Woodbury ML, Senesac C, 
Cauraugh JH. Movement-dependent stroke recovery: a 
systematic review and meta-analysis of TMS and fMRI 
evidence. Neuropsychologia. 2008; 46(1): 3–11. 

[40] Arya KN, Verma R, Garg RK, Sharma VP, Agarwal M, 
Aggarwal GG. Meaningful task-specific training (MTST) for 
stroke rehabilitation: a randomized controlled trial. Topics in 
Stroke Rehabilitation. 2012; 19(3):193–211. 

[41] Bitensky J, Bayona NA, Salter K, et al: The role of 
task-specific training in rehabilitation therapies. Top Stroke 
Rehabil, 2005, 12: 58–65. 

[42] Salbach NM, Mayo NE, Wood-Dauphinee S, Hanley JA, 
Richards CL, Côté R. A task-orientated intervention enhances 
walking distance and speed in the first year post stroke: a 
randomized controlled trial. Clinical Rehabilitation. 2004; 
18(5): 509–519. 

[43] Michaelsen SM, Dannenbaum R, Levin MF. Task-specific 
training with trunk restraint on arm recovery in stroke: 
randomized control trial. Stroke. 2006; 37(1):186–192. 

[44] Hubbard IJ, Parsons MW, Neilson C, Carey LM. 
Task-specific training: evidence for and translation to clinical 
practice. Occupational Therapy International. 2009; 16(3-4): 
175–189. 

[45] Monger C, Carr JH, Fowler V. Evaluation of a home-based: 
exercise and training programme to improve sit-to-stand in 
patients with chronic stroke. Clinical Rehabilitation. 2002; 
16(4): 361–367. 

[46] Peurala SH, Pitkänen K, Sivenius J, Tarkka IM. How much 
exercise does the enhanced gait-oriented physiotherapy 
provide for chronic stroke patients? Journal of Neurology. 
2004; 251(4): 449–453. 

[47] Yu F, Richmond T. Factors affecting outpatient rehabilitation 
outcomes in elders. Journal of Nursing Scholarship. 2005; 
37(3): 229–236. 

[48] Jang SH, Ahn SH, Yang DS, Lee DK, Kim DK, Son SM. 
Cortical reorganization of hand motor function to primary 
sensory cortex in hemiparetic patients with a primary motor 
cortex infarct. Arch Phys Med Rehabil. 2005; 86(8): 
1706–1708. 

[49] Langhorne P, Coupar F, Pollock A. Motor recovery after 
stroke: a systematic review. The Lancet Neurology. 2009; 
8(8): 741–754. 

 

 


	1. Introduction
	2. Methodology
	3. Results
	4. Discussions
	5. Conclusions
	6. Recommendations
	ACKNOWLEDGMENTS

