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Abstract
Background & Purpose

Stroke is the 3rd leading cause of death in India with a prevalence of 200/1 lakh population. More than 80% of
stroke patients have difficulties in ambulation and daily life activities decreasing the quality of life. Community
dwelling stroke survivors have high risk of fall owing to the abnormal gait pattern. There is increased fatigue and low
performance due to the neuromusculoskeletal abnormalities. This study aims to find out the prevalence of post stroke
complications like quality of life, gait characteristics & fatigue in geographical region of Odisha.

Methods

A descriptive observational study was conducted in various hospitals in Cuttack & Khordha districts of Odisha. Two
hundred stroke patients, 140 males & 60 females were included in the study. Video analysis was done using a normal
videography camera. Stroke specific-QOL(SSQOL) was used to determine the quality of life, on observational gait
analysis (OGA- Videography) to find out the gait abnormalities & Fatigue severity scale (FSS) to assess the level of

fatigue.

Results
85% patients showed reduced ankle dorsiflexion and 70% patients showed reduced knee flexion in swing phase. 85%
patients showed disturbances in mood & personality & around 95% people showed fatigue following low intensity

exercise.

Conclusion

The results of this study showed a prevalence of 84.6 % post stroke complications in stroke survivors of Odisha

Keywords: Circumduction Gait, Fatigue, Post Stroke Complications, Stroke, Quality of Life

1. Introduction

Stroke is defined by WHO as “rapidly developing clinical signs of
focal disturbance of cerebral function, lasting more than 24 hours
owing to vascular origin” [1]. Stroke contributes to be the second
leading cause of death worldwide with date rate increasing by 25%
over the last two decades [2]. In India, stroke accounts for being
the 3rd leading cause of death followed by coronary heart disease
& cancer [3].

Statistical data on epidemiology of stroke is very limited with
varying incidence of stroke worldwide [4]. Asian studies have
mostly documented reports from Japanese & Chinese population.
India being a developing country is seeing an increase incidence of
stroke over the years. Studies on prevalence & incidence of stroke
started in late 1960’s in India [3]. The 1st epidemiological study
was conducted in a rural town of Vellore followed by Kolkata,
Mumbai & Bangalore. These studies reported a high prevalence
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of stroke with highest prevalence among the Parsi population of
about 8.42/1000 population [5].

In India, the prevalence of stroke was higher in rural than urban
population (165/1000 to136/1000) [2]. The age-related prevalence
reported with stroke was 250-300/1 lakh population. The annual
Incidence rate of stroke in India is clearly not mentioned in any
literature. Only one study by Banerjee et al, on incidence of rate
stroke with taking in accounts the death showed an incidence of
105/100,000 population with women highly affected than the
males [3]. However, a few studies found males to be more affected
than females [6].

Another literature reports an incidence of 165000 stroke cases/
year in India [7]. Studies conducted so far show store commonly
occurring in in persons over 60 years compared to people over 40
years [2]. Studies on stroke incidence & prevalence in Odisha is
very scarce. Only one study by ICMR showed higher stroke in
Cuttack district of Odisha ranging from 96.6 to 1876 for 1,00,000
population per year [8]. No documented study on incidence and
prevalence of stroke in Odisha is till now present. Odisha accounts
to be the 6th ageing state in India and as stroke has been widely
seen in the elderly group it is expected to get a higher stroke
incidence in Odisha. It has also been seen that stroke incidence is
higher in lower middle-income countries compare to high income
countries [8].

The common medical complication seen following stroke both in
acute and rehabilitation phases are neurological cardiovascular and
immobility complications [9]. The most devastating complication
is the motor impairment affecting about 80% of the patients. This
largely depends on the side of the brain injured. The rehabilitation
in the post stroke phase largely affects the functional outcome.
Rehabilitation is an interdisciplinary approach consisting of
healthcare practitioner, medical doctors, speech therapist, nurses,
physiotherapists, occupational therapists, vocational and social
workers. The motor requirements commonly dealt during the
rehabilitation process are spasticity, pain, pressure ulcer, gait
impairments, balance coordination and fatigue [10]. All these
impairments hampered the quality of life and overall exercise
performance off the individual. It is highly required to understand
which of these complications are the reason for maximum
disability.

Gait abnormalities accounts for a large contributor for reduction
in performance of activities daily. Common gait abnormalities
seen in a stroke patient are abnormal spatio temporal parameters
like reduce cadence, increase time of gait cycle and asymmetrical
step length [11]. However there is no fix study telling which of
the gate abnormality contributes to the circumductory gait. Some
studies say ankle Dorsiflexion component as a major contributor
for circumductory gait while few others report pelvic and hip knee
component to be the main factor.

Owing to insult to the brain by any non-traumatic origin there is a
wide range of focal neurological deficit characterised by sensory,
motor cognitive and language abnormalities. These all together
affect the overall functional status of the stroke survivor. Out
of 15,000,000 people suffering from stroke worldwide [12, 13].
5,000,000 suffer from common in disability which in turn affects
the physical social mental and vocational life of the individual
[14]. The statistics suggest there is a decrease in quality of life
of this individual which demands towards more attention to this
healthcare outcomes. Studies in the literature have suggested
reduced fuel quality of life and its association with increased
anxiety depression and fatigue [15-18].

In order to determine this aspect many scales are available like
the SF 36, Euro QL, Stroke specific quality of life questionnaire
(SSQOL), stroke impact scale. SSQOL measures the health-
related quality of life and has a high reliability of 0.92 [19]. This
is a self-administered scale but can also be administered over the
telephone by the therapist [20]. Till now no study has been done on
the prevalence of stroke complications in the geographical region
of Odisha. As the incidence of hypertension and elderly population
rise stroke cases are expected to increase so as the complications.
85% population of Orissa being rural based are at a risk of
developing stroke end therefore require a proper exposure to the
rehabilitation process. Gait abnormalities, quality of life, fatigue
being some of the major complications of stroke have never been
discovered in Odisha. The main purpose of the study was to study
the abnormal get characteristics, quality of life and fatigue if any
in stroke survivors of Odisha so that their rehab needs can be
addressed, and a better quality of life can be provided.

2. Materials and Methods

This was an observational descriptive study done by including
subjects from various outpatient clinics, rehabilitation setups and
hospitals of Bhubaneswar and Cuttack districts of Odisha. Patients
reporting for rehabilitation from August 2022 to November 2022
who fulfil the inclusion and exclusion criteria were taken in
the study. Their available medical records and MRI scans were
scrutinised by a neurologist to confirm the diagnosis.

This was a multicentred study that dint involve any invasive
procedures. There were no adverse effects expected from this
study, hence ethical clearance was obtained from the institutional
review board of Sri Sri University & informed consent was
obtained from all the subjects. Subjects were included if they
had a stroke of duration more than 3 months, mentally conscious
(MMSE>24) & were able to walk for 1 minute with or without
support. Subjects with decreased cognition, mentally impaired,
any other neurological diseases, acute stroke, non-ambulatory
stroke cases were excluded. Two hundred subacute & chronic
stroke survivors (140 males & 60 females) with mean age 58.50 +
SD 10.8 volunteered to participate & informed consent was taken.
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2.1 Experimental Set up

All the data was collected using a normal videography camera for
gait analysis & quality of life & fatigue were assessed by SSQOL
scale & fatigue severity scale (FSS) either by the patient or over
telephone. Demographic details included age, gender, duration of
stroke & side of hemiplegia.

SSQOL is a self-administered questionnaire comprising of 49
items in 12 domains in a 5-point Likert scale. It covers domains of
energy, family duty, language, mobility, mood, personality, self-
care, social role, thinking, upper extremity function, vision & work/
productivity with total scores ranging from 49-245. Higher scores
denote better functional outcome [19]. A score less than 147(60%)
is low quality of life (QOL) [21, 22]. FSS is a 9-item questionnaire
measured on a 7-point Likert scale. Maximum score obtained is 63
& minimum is 7. Higher scores denote more fatigue. The intensity
of fatigue at present was determined by visual fatigue analogue
scale (VAFS).

2.2 Experimental Procedure

After Obtaining the informed consent, the subjects were asked to
walk for few meters completing at least 5 gait cycles and their
video was recorded using a normal videography camera. Video
was taken from the sagittal & frontal view & was used for analysis.
After the subjects completed the video recording, they were asked
to fill up the SSQOL & FSS questionnaire. The English version
of SSQOL & FSS was explained to the patients in Odia by the
principal investigator & responses were recorded.

Video analysis was done by on observational gait analysis (OGA)
method & kinematics parameters were recorded for each patient.
Spatial parameters were not analysed as it was a OGA method.
Hip, knee, ankle movements were observed in stance & swing
phases by freezing & playing the video & those movements were
compared to normal gait kinematics.

The scores from SSQOL & FSS were recorded for each domain &
analysed for two hundred subjects.

3. Data Analysis

Shapiro-Wilk test was carried out to test the normality of the data.
Descriptive Statistics were carried out to analyse SSQOL, FSS
scores. The Video analysis was represented as Present /Absent if
the specific movement of hip, knee & ankle was present at that
phase of gait cycle & qualitative analysis was carried out.

4. Results

The age of the subjects ranged from 32-77 with a mean of 58.5+-
10.85 years. The age distribution in this study is presented in table
below.

20% of the samples were below 50 years of age & 80% above 50
years. There were 70% (140) males & 30% (60) females in the
sample.

Out of 200 participants, 130 (65%) people were right hemiplegic
whereas 70(35%) people were left hemiplegic. The duration of the
stroke was from 3-13 months with a mean of 6.28+ 2.6

The demographic details are presented in the table below. (Table 1)

Variables

Age(n=200)

Duration in months

Side of hemiplegia (in Percent)

Gender (in Percent)

Mean value
58.50 £ 10.85
6.28 £ 2.66

Right 65%

Left 35%

Male 70%

Female |30%

Table 1: Demographic Details

4.1 SSQOL

In the present study, 25% of people felt tiered most of the time,
50% people believed they were burden on the family, 10% of
people had difficulties in speaking, 55% people have difficulty in
walking & 60% have issues in maintaining their balance. We found

only 10% people to be irritable & low in mood. 30% of people
were facing difficulties in self-care activities whereas >50% have
an increased social isolation owing to their disability. Our study
found a good upper extremity function in these patients but a
decline in the work/productivity as a result of the stroke. (Fig. 1)
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Stroke Specific Quality of life
questionnaire

Figure 1: SSQOL domain in percentage
The mean total score was 168.20 with a SD of 25.42. Results show that QOL was low in 35% of the sample. (Fig. 2)

-

QoL

[PERCENTAGE]

H Low

[PERCENTAGE]
M Satisfactory

Figure 2: QOL in stroke patients

4.2 FSS fatigued & 45% said fatigue interfered with their physical function
Results of our study show only 35% of people believe fatigue to & it prevented sustained physical functioning. About 55% said
be a factor for low motivation while 65% people say exercise is  fatigue is among their most disabling symptom & 50% said fatigue
the main contributor to fatigue. 25% people believe they are easily  affected their social life. (Fig. 3)
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FSS Scores

Figure 3: FSS Scores

Out of 200 patients, 120 patients rated > 5 of VAFS scale & 80
patients< 5, indicating more severe fatigue.

4.3 Kinematic Analysis

We studied the kinematics of 200 patients with stroke by video
analysis method. Our results show at heel strike hip flexion
was present in all samples, knee extension in 95% 7 only 50%
people had ankle plantar flexion while 50% of the sample lacked
an effective heel strike. Kinematics were normal at foot flat &

midstance for hip, knee & ankle movements. In push off/ pre
swing phase (60% of gait cycle) 25% of the sample lacked hip
flexion, 40% lacked knee flexion & 25% lacked ankle plantar
flexion. On further assessment we found, frequent deviations from
normal gait in the swing phase giving rise to circumductory pattern
of gait. 85% of sample lacked an effective ankle dorsi flexion &
75% lacked knee flexion. Hip flexion was not present in only 10%
of the sample. Pre swing & swing phase kinematics are shown in
figure 4 & 5 respectively.

Pushoff phase

60%

Hip flexion
Absent

knee flexion
present

Hip flexion

75%
40%
Knee flexion  Ankle dorsi Ankle dorsi

Absent flexion Present flexionAbsent

Figure 4: Push off phase kinematics.
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Swing Phase

25%
Hip flexion Hip flexion  knee flexion
Absent present

75%
Knee flexion  Ankle dorsi Ankle dorsi
Absent flexion Present flexionAbsent

Figure 5: Swing Phase Kinematics

5. Discussion

In the present study we examined the post stroke complications
among stroke survivors of Odisha. Mean age of patients was
58.5+ 10.85 years. In the study, 70% were males & 30% females.
We aimed to study the occurrence of gait abnormalities in these
patients & if these abnormalities affect the quality of life (QoL)
of the subjects. Since most of the stroke patients also complain
of decreased exercise performance, we tried to find out if fatigue
is a contributor for the same. As expected, this study found few
domains of SSQOL greatly affected in stroke survivors. The
domains of mobility, social isolation & work/productivity &
personality produced very low scores. This is supported by
previous studies which showed work & productivity to be the most
affected segment followed by mobility & then social roles & then
language [14,23].

QoL was found to be low in 35% of our sample. The mean scores
obtained was 168.82+25, a value less than 147(60%) is said to
represent low QoL. In our study,70 subjects had scores less than
140. A study by King R B who studied the QoL in stroke reported
a decrease in health related QoL during stroke rehabilitation [24].
65% of the subjects reported a satisfactory QoL. The domains where
the respondents scored better were language, vision, thinking,
selfcare & personality. This can imply that stroke rehabilitation is
now increasing implying better family support which could have
contributed to better SSQOL scores in those domains. Studies
done in Nigeria; Brazil & Pakistan showed average scores in QoL.
These differences may be due to the cross-cultural socioeconomic
variations.

Fatigue is defined as a feeling of early exhaustion with weariness,
lack of energy & aversion to effort [25]. Post stroke fatigue is
a very ignored symptom and often gets missed. Fatigue greatly

affects the exercise performance of the stroke patient. In our
study, we used fatigue severity scale (FSS) questionnaire to find
out the occurrence of fatigue. The mean score obtained on FSS
was 36.05 which indicates fatigue as average symptom in our
study. This is supported by previous studies done on post stroke
fatigue [26,27]. We also scored the intensity of fatigue measured
by visual fatigue analogue scale (VAFS). Lesser the score worst
is the fatigue. The mean score obtained on VAFS was 5.2, also
indicating fatigue intensity to be average. Previous studies done
on fatigue intensity in stroke also suggest fatigue intensity average
to normal in stroke patients. So, more studies need to be conducted
on finding the main cause of fatigue in stroke patients. Most of
our subjects said exercise brings their fatigue & fatigue is one of
their disabling symptoms. This bring us to the fact that reduction
or lack of exercise can be a result of fatigue & we need to address
their fatigue symptoms & focus the rehabilitation on addressing
the issues of fatigue. We also found a high correlation between
FSS scores & VAFS scores. The higher the scores of FSS the lower
was the scores in VAFS.

5.1 Gait Kinematics

Normal human locomotion involves forward propulsion of the
centre of gravity (COG) in a sinusoidal pathway. The cycle of
events occurring between initial contact of one foot & subsequent
contact of the same foot is defined as the gait cycle. The whole
gait cycle can be divided into a stance phase, in which the limb
is in contact with the ground & a swing phase in which the limb
is off the ground. Considering the whole gait cycle to be 100%,
stance phase constitutes 60% & swing phase 40 % [28]. In our
study, we tried to find out the deviations from the normal pattern.
The stance & swing phases are further divided into sub phases that
specifically produces three major tasks- weight acceptance, single
limb support & limb advancements [29].
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The advancement of COG includes heel strike, foot flat, mid stance,
heel off & toe off in the stance phase & initial swing, terminal
swing in the swing phase. Our study focused only on the motion
component without considering the force factors by observational
methods. Various studies in past have used OGA method to
analyse gait & found it moderately reliable(r=0.60) [30]. In this
study, we found almost all subjects had a normal hip movement in
the initial contact, foot flat & mid stance phase. Though previous
studies have shown decreased hip extension in stance phase
(Richards 1981, Lehmann 1987). We dint find any deviations of
hip in stance phase. One of the major reasons for decreased hip
extension is reduced work of gluteus maximus, gluteus Medius,
semitendinosus & biceps femoris along with appropriate plantar
flexor activation. However, the subjects we took were in subacute
& chronic stage& might have developed a good hip flexor activity
by that time which could have prevented the restriction of hip
extension. Knee extension was not there in only 5% of the subjects
in the initial stance phase. However, 80% of the people had knee
hyperextension in the midstance phase. This finding is supported
by studies done on hemiplegic gait by Knulsson & Richards 1979,
Lehmann et al 1987. One possible reason could be decrease in
the knee flexor muscle component enabling the knee to rapidly
hyperextend in the midstance phase.

50% of our subjects lacked an effective ankle movement for heel
strike. From terminal swing to hill strike the dorsiflexors most
contract towards a plantigrade position. One possible reason that
could avoid this is this spasticity in the ankle plantar flexors. This is
supported by previous studies which have reported changes in the
biomechanical properties of the ankle in persons with hemiplegia.
[31]. We found the major deviations in the pre-swing and swing
phases for hip knee and ankle movements. Our study found hip
flexion was lacking in 25% of the subjects, knee flexion in 40% and
ankle plantar flexion in 25% during the pre-swing phase. Study by
Moosely et al on-stance phase of hemiplegia supports our finding
[31]. Hip flexion in the pre-swing phase is by contraction of hip
flexor muscles and gravitational forces. Decrease in concentric
contraction of the hip flexors in the pre-swing phase might have
reduced the angular velocity of the thigh resulting in a decreased
hip flexion. This reduction of hip flexion in the pre-swing phase
eventually leads to reduction of peak hip flexion in the swing
phase as well.

The deviations from normal gait were more pronounced in
the swing phase with 75% up the subjects lacking an effective
knee flexion and 85% of our subjects lacking an effective ankle
dorsiflexion. These findings are supported by previous studies
done by Knulsson and Richard 1979, Lehmann et al 1987,
Grihithusane et al 1982. Moseley et.al have extensively laid down
the best possible causes for reduced hip flexion [32]. We could not
establish the facts contributing to this decreased hip flexion as we
were only studying the kinematic parameters. One possible cause
that can be deduced by taking into reference the previous studies
is decreased knee flexors activity and increased knee extensors

activation might have prevented the knee flexion during the swing
phase.

Moosely et al have also found reduce ankle dorsi flexion in the
swing phase as a common deviation in the post stroke patients.
Our study also established similar results where 85% of subjects
lag dorsiflexion in the swing phase. This can likely be due to
reduced dorsiflexors muscle activation or increased plantar flexors
activation. Inability to flex the knee and dorsiflex the ankle make
the stroke survivors elevate they are pelvis on the swing leg and
abduct it to bring it forward to avoid the dragging of foot. These
typical patterns of hiking the pelvis and swinging the lake along
the arc of a circle is known as circumduction gait which is a typical
pattern of hemiplegic gait. In our study we tried to establish the
prevalence of circumduction gait in the stroke survivors of Odisha
and found a high prevalence of it. The main purpose of our study
was to identify the gait abnormalities, their quality of life and
fatigue which might have hampered their rehabilitation process.
We also aimed to find their quality of life after stroke and any
persistence of fatigue as a post stroke complication. We found an
average quality of life and moderate fatigue in stroke survivors of
Odisha. The findings of this study will help readers towards the
common prevalent complications in the stroke survivors of Odisha
and demands for appropriate rehabilitation measures to tackle
these complications.

The major limitations of the study were it was a descriptive study,
and the sample size was less. Since we did an observational
analysis method for gait kinematics, in the future we can use a 3D
marker system along with EMG sensors to establish the kinetics
and kinematics components in quantifiable form. In future we can
conduct studies to find out the major contributor for circumductory
gait weather decreased knee flexion or decreased ankle dorsiflexion.

6. Conclusion

This study concludes that gait deviations were present in most of
the patients of stroke survivors of Odisha with average quality of
life and moderate fatigue.

List of Abbreviations

QoL: Quality of life

SSQOL: Stroke specific quality of life
FSS: Fatigue severity scale

VAFS: Visual analogue fatigue scale
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