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ABSTRACT

HAYIROGLU, C. (2019). Effects Of Sensory Training In The Sole Of Foot And
Electrical Stimulation On Proprioceptive And Cortical Sensations In Patients With
Acute Hemiplegia. Yeditepe University, Institute of Health Sciences, Department of
Physiotherapy and Rehabilitation Master Thesis, Istanbul.

The aim of this study was to investigate the effects of the sole of foot sensory education
and electrical stimulation on proprioceptive and cortical senses in patients with acute
hemiplegia, applied 5 days per week for 3 weeks. In the study, 15 subjects with an average
age of 69.4+8.3 years were included in the sensory education group and 15 subjects with
an average age of 65.8+7.2 years were included in the electrical stimulation group. In
addition to neurodevelopmental treatment, a group was given sensory training, while the
other group received electrical stimulation. Patients were evaluated twice before and after
treatment. The cognitive level of the patients was evaluated with Mini Mental Test and
the sole of foot sensations which are cortical and proprioceptive were evaluated with
sensory tests. In our study’s; data analysis “Statistical Package for Social Sciences”
(SPSS) Version 25.0 program was used. As a result, there was a significant improvement
in all proprioceptive and cortical senses in both groups before and after the study
(p<0.05). When comparing two groups, it was found that the sensory group was superior
to the electrical stimulation group only in the sense of passive motion (p<0.05). There

was no significant difference between the two groups in other senses (p>0.05).

Keywords: Electrical stimulation, sensory education, sensory evaluation, stroke,

proprioception

xii



OZET

HAYIROGLU, C. (2019). Akut Hemiplejik Hastalarda Ayak Tabam Duyu Egitimi
ve Elektrik Stimulasyonun Proprioseptif ve Kortikal Duyular Uzerine Etkileri.
Yeditepe Universitesi Saghk Bilimleri Enstitiisii Fizyoterapi ve Rehabilitasyon
Boliimii Yiiksek Lisans Tezi, Istanbul.

Bu ¢aligma, akut hemipleji hastalarinda haftanin 5 giinii 3 hafta boyunca uygulanan ayak
tabani duyu egitiminin ve elektrik stimulasyonun proprioseptif ve kortikal duyular
iizerindeki etkisinin arastirilmasi amaciyla planlanmigtir. Calisma kapsaminda duyu
egitimi grubuna yas ortalamas1 69.4+8,3 yil olan 15 birey, elektrik stimulasyon grubuna
yas ortalamasi 65,8+7,2 yil olan 15 birey dahil edilmistir. Bir gruba Norogelisimsel
Tedaviye ek olarak duyu egitimi verilirken, diger gruba elektrik stimulasyon
uygulanmigtir. Bireyler tedavi dncesinde ve tedavi sonrasinda olmak iizere iki defa
degerlendirmeye alinmistir. Hastalarin biligsel diizey Mini Mental Test ile, ayak
tabaninda proprioseptif ve kortikal duyular duyusal testler ile degerlendirilmistir.
Analizlerimiz SPSS Version 25.0 programi kullanilarak gergeklesririlmistir. Caligsma
sonunda her iki grup 6ncesi ve sonrasi olmak iizere kendi i¢inde kiyaslandig1 zaman tiim
proprioseptif ve kortikal duylar {izerinde anlamli iyilesme saglanmstir (p<0,05). iki grup
karsilagtirildiginda duyu grubunun, yanlizca pasif hareket duyusunda elektrik
stimulasyon grubuna {istiin oldugu bulunmustur (p<0,05). Diger duyularda iki grup arasi

anlaml1 bir farklilik bulunamamistr (p>0.05).

Anahtar kelimeler: Duyu egitimi, duyusal degerlendirme, elektrik stimulasyon, inme,

propriosepsiyon

xiii



1.INTRODUCTION AND PURPOSE

Hemiplegia; sensory and motor functions characterized by impairments in mental
abilities and speech. Hemiplegia usually manifests itself in the form of sensation and
motor integration disorders in addition to the balance and perception problems in the
whole body with the loss of movement and sensation in the upper and lower extremities
on the opposite side of the brain hemispheres. (1) Neurological loss in stroke patients
depends on the type of stroke, the area of the brain affected, and the size of the lesion

area. (2, 3)

Hemiplegia is the most common neurological problem in the world population
and is the third most common cause of death. (1) Physiotherapy and rehabilitation
approaches that starts early in the treatment of a stroke that leads to various deficiencies
are very important. Stroke rehabilitation aims to improve functional independence by
providing correction of related activities in walking and personal care of sensorimotor
disorders. (4) After the stroke, the loss of motor in patients was accompanied by sensory
problems as well, and close to 50% of stroke individuals experienced sensory problems,

especially of tactile and proprioceptive discriminations. (5)

According to Sterzi's epidemiological survey, the somatic sensation is impaired in
37% of patients with a right hemisphere lesion and 25% of patients with a left hemisphere
lesion. (6)

In stroke rehabilitation, the goal is to provide the individual with the highest level
of independence in daily life activities despite the current motor deficiencies. The aim of
rehabilitation should be determined by evaluating the motor and functional status of the

patients suitable for rehabilitation. (7)

In a limited number of studies in the literature, it is stated that sensory disturbance
in the lower extremity adversely affects standing, walking speed, balance during

ambulation and symmetrical gait. (8, 9, 10)



Neuromuscular and sensorimotor stimulation has been shown to improve motor
recovery in both acute and chronic survivors of strokes. (11, 12) For optimal motor
performance, environmental information generated by the different senses is essential.
Sensory input also plays a key role in post-stroke motor recovery.(13)

Many of the movement retraining techniques used for people with stroke are based on the
assumption of providing sensory feedback on quality. Sensory feedback ensures that
skilled movements can be carried out and monitored for adaptability during the

performance. (14)

Peurala et al. said that cutaneous stimulation had positive effects in the motor

performance and sensorimotor recovery of the paretic limb in chronic stroke patients. (15)

While there is some evidence that sensory retraining is effective for stroke patients
with foot sensory dysfunction, more research is needed to measure its effectiveness,

especially in the acute period after stroke.

It is stated that post-stroke sensory training increases functionality. Patients who
are given sensory education recover more rapidly. Mobility, balance and daily life
activities become better and that the well-being of daily living activities can be maintained

for up to 12 months. (16)

The aim of sensory training is to maximize patient learning through the connection
between the environment and repetitive activities. Various human and animal
experiments show plasticity in the somatosensorial area of the brain, and thus motor
activities are becoming more qualified. Therefore, sensory rehabilitation should not be

neglected in the patient program. (15)

Even years after stroke, the somatosensory deficit can be alleviated and
rehabilitation for patients with stroke should include sensory rehabilitation for those with
sensory deficits. (1) Nadia Bolognini et al. reported on current sensory-based approaches
in post-stroke motor rehabilitation and makes recommendations for optimizing

rehabilitation programs based on sensory stimulation. (13)



The electrical stimulation of the sensory amplitude was reported to enhance the
recovery of sensorimotor after stroke. Improvements in arm function were described

following electrical stimulation of the motor and sensory amplitude. (18, 19, 20)

Therefore, in this postgraduate thesis study, it is aimed to compare the effects of
neurodevelopmental physiotherapy program with sensory education or electrical
stimulation on the soles of the foot in individuals with hemiplegia on proprioceptive and

cortical sensation.

Two hypotheses identified in the study:

HO: The patients participating in the sensory training did not have more beneficial
effects on proprioceptive and cortical sensation in the sole of foot than participating in

the electrical stimulation.

H1: The patients participating in the sensory training had more beneficial effects
on proprioceptive and cortical sensation in the sole of foot than participating in the

electrical stimulation.



2. THEORETICAL FRAMEWORK AND LITERATURE REVIEW

2. 1. Stroke

Stroke is a dysfunction that develops abruptly, regionally, or across the whole
brain, without any other cause, except in view of the vascular cause. It can cause
permanent damage to body functions and also death. Stroke which is the most common
cause of death in the adult population after heart disease and cancer in the world is also
the most important cause of disability. It may occur due to bleeding or obstruction in the
brain vessels. In the region where the blood flow is cut off in the brain, the vital
requirements cannot be met. Accordingly, that area of the brain loses its function and
patients have various symptoms. In one half of the body, drowsiness, weakness, speech

and visual disturbances, imbalance, changes in consciousness are some of them. (21)

Stroke is the major disease that leads to an increase in the number of people with
motor or sensory impairment or loss of function. It leads to an increase in the number of
people with impairment or loss of function, either motor or sensory. Up to 85% of stroke
patients have an initial upper limb deficiency, and the recovery of upper limb function is

often poor and only seen in less than half of patients. (22)

Information meetings for physicians in primary care health care should be held
more frequently regarding ischemic stroke leading to the most important causes of

mortality and morbidity in the world and in our country .(23)

Stroke affects the quality of life significantly. Quality of life is the way people
perceive their situation in the whole of their culture and value judgments in connection
with their goals, expectations, standards, interests. (24) The main goal of rehabilitation in
stroke patients is to ensure that a person lives long-term, independent, safe, happy,

productive and high quality life. (25)

2.1.1. Epidemiology and risk factors
Incidence of stroke in ages of 55-64 are 1,3-3,6/1.000, for age of 65-74 are 4,9-
8,9/1.000, over 75 years of age are13,5-17,9/1.000. Prior to the age of 44, the first stroke



is only 3-5% of among all strokes. The incidence of stroke in women between the ages of
55-64 is 2-3 times lower than in men. The difference is decreasing towards the age of 85.

The black race stroke rate is higher than for the whites. (26)

There are two groups of risk factors that can be controllable and uncontrollable.
Age, gender, low birth weight, race and genetic factors risk factors that can not be
changed. Other certain risk factors include; hypertension, diabetes mellitus, smoking,
dyslipidemia, atrial fibrillation, other heart diseases, symptomatic carotid artery stenosis,
sickle cell anemia, postmenopausal hormone therapy, oral contraceptive use, diet and
nutrition, and obesity. Patients who have been less certain than changeable risk factors
are migraine, metabolic syndrome, alcohol use, drug dependence, sleep apnea,
hyperhomocysteinemia, increased lipoprotein-A, hypercoagulability and inflammation-

infection. (27)

Acute ischemic stroke is common in men, in older ages. The most important risk
factors are hypertension and diabetes. Acute mortality and morbidity rates of ischemic
strokes controlled in the emergency department are low. Patients with acute ischemic
stroke are monitored in the emergency department for a long time. The late admission of

patients to the emergency department is also negatively effective at these rates. (28)

Morbidity, mortality rates and the cost are higher in hemorrhagic stroke patients.
Moving stroke patients as fast as possible with ambulances with improved medical

equipment can reduce the catastrophic consequences of emergency services. (29)

In Turkish society, the majority of hypertension patients are under
antihypertensive treatment, but they have a high risk of stroke. Stroke risk factors are
listed as follows for Turkish society. Left ventricular hypertrophy, advanced age, high
blood pressure, male gender, coronary heart disease, smoking, diabetes mellitus, high

creatinine, low HDL, high blood glucose levels, geographic region, and obesity. (30)

2.1.2. Etiology
2.1.2.1. Ischemic stroke

Ischemic stroke, which accounts for 80% of all strokes, is due to artery occlusion.
Toast ‘trial of org in 0172 in Acute Stroke Treatment’ classification as well as clinical

findings it is widely used today as it is also involved in the etiology. (31)



a. Large-artery sclerosis (thrombosis or embolism):

50% of all ischemic stroke is due to extensive atherosclerosis. In this subgroup of
ischemia, especially intracranial and less rare intracranial vessels and their bifurcation
regions developed over the years due to the deterioration of the stability of atheroma
plaques due to thrombosis in extremities and especially in cases of embolism from the

artery to the artery focal cortical findings are revealed. (32)
b. Cardioembolism:

In cardioembolism, which accounts for 20% of all ischemic stroke, the cause of
arterial occlusion which is embolism originating from the heart. Major clinical findings
are sudden and sometimes accompanied by a mental disorder. There is a high risk of

death. (32)
c. Small vessel occlusion (Lacunar):

Lacunar infarcts, small deep infarcts developed as a result of occlusion of perforan
arteries, account for about 25% of all ischemic stroke. In patients with lacunar infarction,
they usually occur with classic lacunar syndrome. The early prognosis of lacunar infarcts
is better because they are small in size compared to other ischemic stroke types and their
clinical condition is mild. However, in later periods there is progress in cognitive decline,
dementia risk and increased mortality due to cardiovascular causes. Hypertension and
diabetes mellitus are major risk factors for lacunar stroke. The use of antihypertensive
drugs in combination with the modification of risk factors, antiplatelet and blood pressure

control is important in the treatment of hypertension. (32)

2.1.2.2. Hemorrhagic stroke
Hemorrhagic strokes account for 20% of all strokes. 50% of the patients lose their

lives in 2 days, while 1 in 5 of the survivors can be self-sufficient.

a. Intracerebral hemorrhage: This is the bleeding to the brain parenchyma. Bleeding
is often seen due to avascular malformation, hypertension, substance, smoking,
alcohol, etc. It causes mental disorders (coma-confusion). Nausea, vomiting, and

speech disorders are accompanied. (33)



b. Subarachnoid hemorrhage: This is the bleeding to the brain membrane and
cerebrospinal fluid. The most common cause of subarachnoid hemorrhage is
trauma and aneurysm. It is caused by an explosive and sudden headache. Causes
mental disorders (coma-confusion). Nausea and vomiting accompany. Neck

stiffness is seen. (34)

2.2. Sensation

The body's sensations are called somatosensation. Different systems interact to
give us body state information. The exteroceptive system senses stimuli applied to the
body's skin; including mechanical stimuli for touch sensation, temperature sensation
thermal stimuli, and pain sensation nociceptive stimuli. The interoceptive system
provides basic information about internal body conditions such as temperature and blood
pressure. These organic senses originate in and around the body’s organs, including the
receptors in the lining of muscles, the gastrointestinal system’s outer layer, and the
thoracic and abdominal cavity linings. Most of these receptors are susceptible to
stretching alone, but some are sensitive to temperature and blood pressure changes.
Lastly, the proprioceptive system senses the position of body parts through stretch

receptors in the muscles, joints, tendons, and organs of balance within the inner ear. (35)

The sensory system provides information about the environment in which the
individual is placed. The sensation can be classified by different methods into categories
according to anatomical or functional criteria. A classification of anatomy categorizes
sensory function into somatic and visceral components, each with general and particular

subgroups. (36, 37)

Early in this century, Sherrington developed a more practical classification
scheme. This scheme uses both anatomical criteria to separate exteroceptive and
proprioceptive sensation, including end organ types and locations, as well as functional
criteria such as stimulus types measured by each modality. A third sensory modality
requires cortical analysis to provide a more complex interpretation of primary sensory
information. All three types of sensation should be evaluated by each patient examined.

(36, 37)



2.2.1. Exteroceptive sensation (superficial sensation): Exteroceptive sensations are tactile

sensation, pain sensation and temperature sensation (hot and cold).

Exteroceptive system receptors found in the skin and named as cutaneous
receptors. These cutaneous receptors are found as fingertips and palms in both hairy skin
and hairless skin. They respond to a variety of stimuli including pressure, heat, cold,
vibration, and pain associated with tissue damage. Hairy skin mainly contains primarily
free nerve endings and Ruffini corpuscles but also Pacinian corpuscles and Merkel's disks
are present. Hairless skin is more complex, with Meissner's corpuscles. Pacinian
corpuscles, Ruffini corpuscles. Merkel's disks are also found in hairless skin. (35)

Skin is a complex and vital organ of the body, which is often underestimated in
the sustainability of life. It consists of two primary layers; the epidermis and the dermis
are from the surface down. There is a layer of subcutaneous fat below the cutaneous

layers, which mainly contains fat and blood vessels.

Touch sensation is achieved by moving the skin causing low-frequency pressure
or high-frequency vibration. Hairless skin's specialized receptors support fine touch
discrimination and differ in their rate of stimulus adaptation, receptive field size, and

cutaneous layer depth. (35)

2.2.2. Proprioceptive sensation (deep sensation): Proprioceptive sensations are joint
position sense, vibration sense, kinesthesia (joint motion sense) and deep pain.
Proprioceptive system receptors found in the muscles, tendons, ligaments and
joints. Joint position sense means joint sensibility; the perception of joint motions.
Vibratory sense is the appreciation of vibration, a form of pressure sensation. The
vibratory sensation enables the recognition of vibration from touch. The perception of
form allows objects to be recognized by touch alone.(38) Kinesthesia means perception

of muscular motion.

The term proprioception was named by Sherrington in 1960 and It is used to
describe the movement of the body and its position in space with the help of receptors in

the muscles and tendons. (39)



Proprioception was defined as a specialized touch variation that includes the
sensations of joint movement and joint position. (40) In practice, it is the body's ability to
use the sense of position and respond to stresses imposed on the body by changing posture

and movement. (41)

Proprioception is the conscious or unconscious joint position awareness while

neuromuscular control is the efferent motor response to sensory information. (42)

Ataxia is the clinical sign of proprioception dysfunction. General proprioception
describes the position of muscles, joints and tendons due to the location of proprioceptors
in muscle spindles and Golgi tendon organs. (43) The muscle spindle senses changes in

the length of the muscle and the GTO characterizes changes in muscle tension. (44)

There are three proprioception elements with a separate peripheral representation
of the receptor. First, muscle spindle receptors, cutaneous mechanoreceptors and joint
receptors mediate the perception of limb movement. Second, muscle spindle receptors
and cutaneous mechanoreceptors mediate perception of the limb position. And the third,
corollary discharges and tendon organ receptors mediate the perception of a force of

muscle contraction. (45)

2.2.3. Cortical sensations: Stereognosis, graphestesia, tactile localization, two-point
discrimination.

Stereognosis means the ability to recognize and identify objects by feeling them.
Loss of this ability, astereognosis, is generally regarded as a somatic sensation deficiency.

(46)

Graphesthesia means the ability to recognize symbols written on the skin. The

absence of this ability is termed graphanesthesia. (47)

Two-point discrimination means the ability to recognize simultaneous stimulation
by two blunt points. The distance between the two points is measured to notice the
patient's recognition ability. This makes it possible to distinguish two adjacent points on
the skin. The sensitivity of two points varies across the surface of the brain. The most

sensitive of the lips and fingertips and the least sensitive of the back. (48)



Tactile localization means the ability to localize stimuli to parts of the body. (49)

Topagnosia is the absence of this ability.

These are the combined forms of the above senses integrated into the parietal
cortex. However, examining cortical sensation may be helpful in situations where there
is a question of whether the symptoms of a patient are due to a right hemisphere (cortical)
process as opposed to a spinal cord or a peripheral process. In contrast to the primary
sensory modalities for which there are specific peripheral receptors, these cortical sensory

functions do not require much additional cortical integration.

Proprioception refers to the sense of position and motion of the limb, where
kinesthesia is specifically referred to as the latter. For proper balance and motor control,
proprioceptive feedback is critical. Innervated by fast Aa fibers, muscles have
proprioception receptors involved. Muscle spindles consist of a bundle of thin muscle
fibers in a capsule. Mechanosensitive afferents wrap around the fibers of the muscle and
are activated by stretching so that their firing rate is proportional to the length of the
muscle. The contraction of thin muscle fibers, which are motoneuron-innervated, can
effectively modulate muscle spindle sensitivity. Golgi tendon organs, located between the
muscle and tendons, sense muscle strength rather than length and is an important
component of the reflex circuits. Joints are equipped with joint capsule receptors that
senses tension but, interestingly, individuals with artificial joints still have a reasonable
sense of the angle and movement of their artificial joint based on muscle spindle input.

(50)

2.3. Sensory Evaluation

The sensory examination is the most difficult and subjective examination for the
physician and patient. The patient should be relaxed and in a comfortable environment.
Care must be taken to describe what is expected of the patient and to ensure anxious
patients that the evaluation will not be painful. It is important to stop the examination at
this point when the patient is fatigued and the attention and cooperation are inadequate.

In such cases, when the patient is rested, the evaluation should be repeated.

10



Areas of abnormal sensation should be outlined, and findings should be carefully

recorded on a body outline with a description of the stimuli used. (36, 37)

2.3.1. Subjective evaluation

If the patient is suffering from pain, the location, spread (from neck to arm, back
to waist to leg and back to heel, in the form of transverse belt in the body), duration,
quality (stabbing, compulsive, blunt, flammable), the relationship between motion and
position and cough is asked whether it is increased by "limping-limping". These features

can give you some clues about the nature of the pain and the location of the event.

2.3.2. Objective evaluation

2.3.2.1. Exteroceptive sense evaluation

a. Tactile: The patient closes the eyes then patient is examined by touching the desired
side of the body with cotton. The patient is asked to tell you every time he feels the cotton.
Hypoesthesia is thought to occur in areas where the patient does not feel. This

examination is done by comparing the opposite extremity of the body. (36, 37, 51)

b. Pain: The patient closes the eyes. The patient is examined by touching the needle on
the part of the body that is intended to be evaluated. The patient is asked to tell you every
time he feels the needle. Hypoesthesia is thought to occur in areas where the patient does
not feel. This examination is done by comparing the opposite extremity of the body. (36,

37)

c. Temperature: The diameter is equal to one of the two test tubes, hot, cold water is
placed on the other, and the eyes are closed. The patient is first taught the heat difference
of tubes. The patient is then asked to tell you which tubes are hot and which ones are cold.

(37, 51)

2.3.2.2. Proprioceptive sense evaluation
a. Joint position sense: The patient's eyes are closed. One of the extremities is brought to

a certain position and the patient is asked to bring the other extremity to a similar position.

11



b. Joint motion sense: The eyes are closed. One of the patient's fingers or toes are held
and moved upside or downside. During this time, the patient is asked to indicate the
direction of the move. The finger should not be held from the top and bottom. Otherwise,
the patient can predict the direction of the movement by noticing the pressure change on
the finger held during the movement. The rhythmic "up-and-down" movement should be

avoided. In this case, the patient may automatically respond correctly. (36, 37, 84)

c. Vibration sense: It is done with a vibrating tuning fork. First, for the patient to learn the
vibration the tuning fork is placed on the clavicle or sternum. Later, when the eyes are

closed, the extremities are placed on a bone and asked whether they detect the vibration.

If it is perceived, this time the patient is asked to indicate the moment when the vibration
ends. Thus, the time when the vibration is felt is determined. This period is about 20
seconds in normal youth. It should be remembered that vibration time is shortened in

lower extremities as the age progresses. (37, 51, 85)

d. Deep pain: If the Achilles tendon is squeezed or the muscles are severely suppressed,

it is investigated whether or not the pain is felt.

Romberg sign: A test used to look for a deep sense defect. When the patient closes
the eyes, even though the feet are joined, the balance will deteriorate, the patient starts to
shake and he can even collapse to the ground. Tabes dorsalis, m.spinais is associated with

combined degeneration and sensory neuropathy. (36, 51, 71)

2.3.2.3. Cortical sense evaluation

a. Stereognosis: The ability to recognize an object from its shape, size and structural
properties. During the examination, the patient's eyes should be closed. In the meantime,
the patient is given objects such as key, pen, lighter and asked to name the objects. (36,

37,51)

b. Two-point discrimination: The ability to perceive the points that are touched to the skin
at the same time as two separate points with a blunt wig. Eyes should be closed during
the examination. Normally, the two points at the fingertips of the hand can be detected at

5 mm distance, while this distance is up to 5 cm on the back of the foot. (36, 37, 86)
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c. Graphesthesia: Recognition of a word or a number that was written using a blunt object

on the skin while the eyes are closed. (87)

d. Tactile localization: When the eyes are closed, the ability to localize the touch on the

different parts of the body is investigated. (88)

e. Tactile inattention: The patient closes the eyes. The right and the left half of the body
is needled at the same time. The patient with tactile persistence perceives only one of
them. This can be done in an alternative way. The needle is first touched to the suspicious
side of the body. When the patient initially feels this, a second needle is placed on the
other side of the body, the first needle becomes unnoticeable. (36, 37, 51)

All cortical sensory disturbances indicate parietal lobe disease.

2.4. Sensory Problems in Hemiplegia

Sensory problems arise from damage to the brain's right side or parietal and
occipital lobes. Parietal lobe damage where the somatosensory cortex is located and
thalamus and brainstem damage which relays sensory information to the cortex can cause

sensation problems. Post-stroke sensory problems differ from person to person. (36)

2.4.1. Parietal lobe lesions

a. Primary somatosensory area (36, 52)

The primary somatosensory cortex is located in the parietal lobe, at the postcentral
gyrus and the areas 3,1,2 of Brodmann. Touch sensation, two-point discrimination, pain,
heat and proprioceptive senses are detected. Lips are represented in the largest area. Then
the face, hand, thumb, arm, trunk and lower extremity comes. this is called ‘Sensory

Homonculus’.
b. Secondary somatosensory area (Somatic association area) (36, 52)

This center is located on the upper edge of the sulcus lateralis, starting from the
sulcus centralis. It has a role in resolving sensory information. This area allows the shape

and size of objects to be perceived by touch (stereognosis)
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The function of the parietal lobe is to provide integration and interpret them. In
the parietal lobe lesion, the sensation of pain and heat are not impaired because they are
perceived at thalamus level. Higher sensory functions such as stereognosis, two-point
discrimination, graphestesia, tactile localization have been impaired in cortical lesions.
Tactical inattention is seen. This type of sensory disturbance is called cortical sensory

disturbance.

In the primary somatic sensory area lesion, proprioceptive senses are completely

lost, while pain, heat, senses are perceived as gross sense.

In the somatic association sense lesion, the perception of the shape, structure and

size of the objects by touching is impaired. (stereognosis)

In the gyrus supramarginalis lesion, the ability to recognize objects by touching.
In the opposite half of the body is lost (astereognosis). The patient forgets the other half
of the body (neglect).

In gyrus postcentralis lesions, proprioceptive sensations are completely lost,
especially pain and heat sensations are perceived as gross. The reason these senses are

not lost is that they can be perceived as better as pure in the thalamus.

2.4.2. Thalamus lesions

This problem generally caused by hemiplegia, all sensory modalities are lost in
the opposite side of the body, including the face. Especially the sensation of pain and
heat-cold are impaired. Sensory defects and hemiplegia are on the same side of the body

and can be very severe. This table is called as pure sensory stroke. (36, 53)

2.4.3. Brain stem lesions

The most common form is the loss of sensation of pain and heat in one half of the
face and in the arms, legs and torso on the opposite side. The touching sensation is not
impaired. Brain stem sensory defect is due to the lateral spinothalamic lesion and the
descending sensory tractus of n.trigeminus. Usually the result of infarct in the side part

of the bulbus. Other brain stem symptoms accompany the picture. (36, 54)
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2.4.4. Sensory defects
Paresthesia is an abnormal sensation, such as burning, numbness, or tingling that

occurs most often in the extremities, such as the hands, arms, legs, or feet. (55)

Dysesthesia means painful sensations caused by a non-painful skin stimulus such

as a light touch or a gentle stroke over the body's affected areas. (56)

Tactile sensation defects are anesthesia, hypoesthesia and hyperesthesia.
Anesthesia is a lack of sensation of the touch. Hypoesthesia means the decreased

sensation of the touch. Hyperesthesia is an exaggerated sensitivity to touch. (57)

Pain sensation defects are analgesia, hypoalgesia and hyperalgesia. Analgesia
describes a lack of sensibility to pain, Hypoalgesia means the decreased sensation of pain.

Hyperalgesia is excessive sensitivity to pain. (58)

Temperature sensation defects are thermanalgesia, thermhypesthesia,
thermhyperesthesia. Thermanalgesia is lack of temperature sensation. Thermhypesthesia
defines decreased sensation of temperature. Thermhyperesthesia means the exaggerated

sensation of temperature. (37)

Cortical sensation defects are astereognosis, graphanesthesia and atopognosis.
Astereognosis is the inability by touch to recognize common objects like keys,coins and
small blocks. Graphanesthesia is a tactile inability to recognize figures or letters written
on the skin; it may be due to the spinal cord or brain disease. The inability to localize

touch is called atopognosis .(38)

2.5. Transcutaneous Electrical Nerve Stimulation

Transcutaneous electrical nerve stimulation is a simple, inexpensive, self-

administered, non-invasive analgesic technique widely used by physiotherapists. (59)

There are lots of TENS techniques including mostly conventional and others such

as acupuncture-like TENS. intense TENS and burst TENS. (60)
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In the gate control theory presented by Melzack and Wall, they revealed the
presence of special nerve cells in the dorsal parts of the spinal cord and stated that these
cells, called T cells, constitute the anatomical and physiological structure stones of the
spinal cord pain portal. The activity in the thin, myelinated, slow-forward C fibers, which
is considered responsible for pain transmission, tends to reach the brain through the spinal
cord while the signal carried by the fibers of the heavy myelinated and fast-forward A
are trying to close the pain door. This thick and thin peripheral T cells according to the
effect of the fibers on the door either remain open, or closed, or remain partially. By using
TENS in the clinic, the thick and rapidly transmitting fibers are stimed, which is aimed at

stopping or reducing the pain transmission. (61)

The purpose of TENS is to activate nerve fibers selectively. When TENS
generates a strong non-painful electrical sensation under the electrodes, maximum pain
relief is achieved. Patients with implanted stimulators such as pacemakers are the main

contraindication. (62)

TENS is the application of electrical current for pain control by electrodes placed
on the skin. It can be applied with different frequencies, from low to high. Different
frequencies used to activate analgesic mechanisms. Intensity can also vary from sensory
to motor intensity. Sensory intensity is when the patient feels a strong but comfortable
feeling without the contraction of the motor. It contains non-painful, high intensity motor

contraction.

Stimulation of higher frequency is generally given at sensory intensity, and

stimulation of low frequency is given at motor intensity. (63, 64)

a. Convantional TENS (High frequency (80 - 130Hz), low intensity), small pulse width
(50-200ps): The purpose of conventional TENS is to stimulate large diameter non-

noxious afferents (A-beta) to produce segmental analgesia. (62)

b. Acupuncture-like TENS (Low frequency (2-5Hz), high intensity, longer pulse width
(100-400us): The aim of acupuncture-likeTENS is to activate To stimulate small diameter

cutaneous and motor afferents (A-delta) to produce extrasegmental analgesia. (62)
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c. Intense TENS (High frequency, high intensity): The purpose of intense TENS is to
activate small-diameter afferents by delivering TENS over peripheral nerves from the

pain site at an intensity that is only tolerable to the patient. It produces counter irritation.

(60)

17



3. MATERIAL AND METHOD

3.1. Subjects

The sample of the study consists of patients with acute hemiplegia that got
diagnosed at most 6 months ago and who applied to EKSEN Saglikli Yasam Merkezi
Istanbul Turkey between September 2018 - June 2019. The average age of patients was
67,6 £ 7,75 years.

The average height was 165+7.1 cm. The average BMI was 27,954+3.45 kg/m2. The

dominant side of all participants was mainly the right side.

The study included 30 patients with acute hemiplegia (Min-Max=50-80yrs). The
patients who met inclusion criteria are divided into two groups. According to the simple
randomization method, patients which have odd survey numbers involved to the
neurodevelopmental treatment and sensory training group (SG) and the patients with even
survey numbers are involved to the neurodevelopmental treatment and electric

stimulation group (EG).

3.1.1. Inclusion criteria
e Participating to the study in a voluntary basis
e Patients with 50-80 years old
e A stroke diagnosis by a neurologist
e A stroke attack within 6 months
e Minimum 18 points from Mini Mental Test

e Medically stable

3.1.2. Exclusion criteria
e Unstable condition
e Other neurological or orthopaedic problems that will affect function other than
stroke
e Uncontrolled hypertension
e Diabetic foot ulcers

e Part/total foot amputation
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The study protocol was approved by the Yeditepe Universitesi Ethical Committee
at the date of 04.10.2018 and the issue number was 907. (Appendix 4)

The aim and plan of the study were explained to the participants All participants
joined the study on their free will and they gave their own written consent to participate

in the test protocols of the study voluntarily and they signed a volunteer form. (Appendix

Y

3.1.3. The flow of research

We planned to have 34 acute hemiplegia patients for SG and EG who satisfied
interventions. As for the first step, we separated the participants according to survey
numbers. While the participants with odd survey numbers involved in the sensory training
group (n=17) and the patients with even survey numbers are involved in the electric

stimulation group (n=17).

After the end of the first assessment 15 sessions treatment program initiated with
34 participants. However, four individuals were excluded from the study due to various
reasons and they did not complete the treatment program (Figure 1. The Flowchart

Diagram).
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People with acute hemiplegia who
got treated in Eksen Saglikli Yasam diagnosis by a
Merkezi between September 2018 — neurologist

June 2019 (n=34)

/ A stroke \

*A stroke attack

within 6 months

*Minimum of 18
points from Mini

[ First Evaluation

] Mental test

*Medical

K stability /

According to simple randomization method, patients

divided into 2 groups

Sensory Training Group
15 sessions, 20 min, n=17

/ N\

Electric Stimulation Group
15 sessions, 20 min, n=17

Missing more than 2

Transferred to the Unwilling to complete following

hospital  (n=1) exercises (n=1)

(n=2)

[ Complete all training program (n=15) J

[ Complete all training program (n=15) ]

[ Last Evaluation }

Figure 3.1. The Flowchart Diagram

[ Last Evaluation }
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3.1.4. Study protocol

All participants would be treated with a neurodevelopmental treatment approach
where normal development steps are followed. In addition to neurodevelopmental
treatment, 20 minutes sensory training for the first group and 20 minutes conventional

tens for the second group would be given to 15 sessions for 5 days a week.

Sensory Training Group Electric Stimulation Group

Electric Stimulation
Program
15session 20min.

Sensory Training

Program
15session 20min.

o

Neurodevelopmental

Neurodevelopmental
Treatment
15session 30min.

Treatment
15session 30min.

Figure 3.2. Interventions of Sensory Training Group and Electric Stimulation Group

3.2. Evaluation

All evaluations were performed by the same physiotherapist before and after 15

sessions of treatment under the same environmental conditions.

3.2.1. Structured questionnaire for patient's demographic characteristics

The structured questionnaire prepared by researchers applied to face to face
interviews. The questionnaire included age, gender, education level, occupation, marital
status, income level and health insurance to understand socio-demographic conditions of
volunteers. The second part of the questionnaire was about their neurological stories,
hemiplegic side, history of stroke, rehabilitation, how long it took, surgical operation,

assistant device and the device type. (APPENDIX 2)
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3.2.2. Assessment of cognitive level

A mini mental test was performed to evaluate the patient’s cognitive level. This
test would be used because it evaluates orientation, recording memory, attention and
computation, remembering and language, orientation, praxis skills. In the test consisting
of 30 questions and 30 points, a total of >25 points were considered normal, 21-24 points

Light, 10-20 points medium and <9 serious cognitive disorders. (APPENDIX 3)

3.2.3. Assessment of sensation

3.2.3.1. Proprioceptive sense assessment

a) Position Sense: The patient's eyes are closed. One of the foot on the hemiplegic side of
the patient is brought to a certain position and the patient is asked to bring the other
extremity to a similar position. (In the case of correct response to 8 and above from ten
attempts, the position sense is considered normal; correct response between 3-7, position
sense is considered decreased; correct response 3 and below, the position sense is

considered lost.)

b) Sense of Passive Motion: Eyes are closed. One of the patient's big toe is held on either
side and moved up or down. During this time, the patient is asked to indicate the direction
of the movement. (In the case of correct response to 8 and above from ten attempts, the
sense of passive motion is considered normal; correct response between 3-7, the sense of
passive motion is considered decreased; correct response 3 and below, the sense of

passive motion is considered lost.)

Figure 3.3. Passive Motion Sense Evaluation
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c) Vibration Sense: It is evaluated with a vibrating diapason. First, the patient to feel the
vibration is placed on the clavicle or sternum. While the eyes are closed, the diapason is
placed on the tip of the big toe of the hemiplegic foot, the patient is asked if the vibration
is felt. If it is felt, this time the patient will be asked to indicate the moment when the

vibration ends. Thus, the time it detects the vibration is determined.

Figure 3.4. Vibration Sense Evaluation

d) Deep Pain: If the achilles tendon of the hemiplegic side is squeezed or the muscles

are severely suppressed, it is investigated whether or not the pain is felt.

3.2.3.2. Cortical sense assessment

a) Two-point Discrimination: The points of the blunt wig are held against the hemiplegic
sole of the foot at different distances from each other. Instruct the client to respond to
each touch, by saying one point or two points. Eyes should be closed during the

examination. When the patient feels two, it is noted how far away in cm from the wig.

b) Graphesthesia: The patient is asked to estimate a letter or number written the sole of
the hemiplegic foot with a blunt object while the eyes are closed. (In the case of correct
response to 8 and above from ten attempts, the sense of graphesthesia is considered
normal; correct response between 3-7, the sense of graphesthesia is considered decreased;

correct response 3 and below, the sense of graphesthesia is considered lost.)
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c) Tactile Localization: Patients were stimulated on 10 different locations of the
hemiplegic sole of the foot. They were asked to localize the touch. The response was
recorded. (In the case of correct response to 8 and above from ten attempts, the sense of
tactile localization is considered normal; correct response between 3-7, the sense of tactile
localization is considered decreased; correct response 3 and below, the sense of tactile

localization is considered lost.)

d) Tactile Inattention: The patient closes the eyes. The right and the left sole of foot are
needled at the same time. The patient with tactile persistence perceives only one of them.
This can be done in a second way. The needle is first touched to the hemiplagic foot.
When the patient initially feels this, a second needle is placed on the other foot, the first

needle becomes unnoticeable.

3.3. Intervention

All participants would be treated with a neurodevelopmental treatment approach
where normal development steps are followed. In addition to neurodevelopmental
treatment, 20 minutes sensory training for the first group and 20 minutes conventional

tens for the second group would be given to 15 sessions for 5 days a week along 3 weeks.

3.3.1. Neurodevelopmental training

15 sessions, 20 minutes of neurodevelopmental treatment program was applied to
all patients. In the treatment program, passive-active ROM and muscle strengthening
exercises for lower and upper extremities were performed in the bed. Head, neck and
shoulder mobilization exercises were performed. Abdominal, gluteal and back extensor
muscles were strengthened. Bobath and PNF exercises were performed. Weight transfer
exercises were performed. Sitting and standing balance were performed. In the sitting
position, body rotation movements and reaching exercises were performed to the front
and sides. Knee-locking exercises and walking training were performed in the patients

who provided the balance of standing.
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3.3.2. Sensory training

15 sessions, 20 minutes sensory training was applied to the first group. In the
selection of the methods to be used in sensory education, attention was given to the fact
that there is an active education including the training of deep and cortical senses. The

following applications have been performed.

a. Different sized and thorny balls were applied in all directions along sole of the

foot for 2 minutes.

Figure 3.5. Different Sized and Thorny Balls

b. As arigid and soft object, cotton and metal materials were rubbed and applied in

every direction for 2 minutes throughout sole of the foot.

Figure 3.6. Rigid and Soft Object, Cotton and Metal Materials
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c. The Wilberger brush was applied to sole of the foot for 2 minutes.

Figure 3.7. Wilberger Brush

d. A mechanical massage was applied to the foot for 5 minutes for the vibration

sensation.

Figure 3.8. A Mechanical Massage Device Figure 3.9. Using Mechanical

Massage Device

e. Two different sized objects were placed under the foot and the patient was asked to

predict the object. Then, according to the patient's response, feedback was received.
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Figure 3.10. Two Different Sized Objects

f. Sensory input was applied to the boxes with different sizes of grain (rice-beans).

Figure 3.11. Different Sizes of Grain

g. 2 min of ice massage was performed.

h.5 min of therapeutic massage was performed.
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Figure 3.12. Performing Therapeutic Massage Figure 3.13. Performing

Therapeutic Massage

3.3.3. Electrical stimulation
15 sessions, 20 minutes sensory training was applied to second group with TENS
using BTL four channel muscle stimulator TENS 3 throughout tibialis posterior nerve on

sole of the foot.

Figure 3.14. Application of Electric Stimulation with TENS Device
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Data Analysis

In our study; data analysis “Statistical Package for Social Sciences” (SPSS) Version
25.0 program was used. Descriptive statistics, mean + standard deviation (X £+ SD) or

percentages (%), were gathered. The level of significance was accepted as p<0,05.

Statistical analysis was performed before and after treatment for parametric and
non-parametric data with respectively Paired Sample T-test and Wilcoxon test. An
independent-samples t test was used to compare physical features. A Chi-square test was
used to assess categorical variables. An independent-samples t test and mann-whitney u
test were used to compare of parametric and non-parametric variables between
participants before interventions. A Wilcoxon test for non parametric variables and
paired-samples t test for parametric variables were used to examine group differences in
regard to pre and post test mean scores. A Mc Nemar Test was used to compare before

and after treatment for categorical data.
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4.RESULTS

The study included 30 acute hemiplegic patients who applied to Eksen Saglik,
Istanbul, Turkey between September 2018 and June 2019 and got diagnosed at least 6
months earlier.

The physical features (age, weight, height and body mass index (BMI)) of EG and
SG are presented in Table 4.1. An independent-samples t test was used to compare
physical features. There were no statistically differences in age, height, weight and BMI

in two groups. (p>0.05)

Table 4.1. Distribution of average age, height, weight, and bmi values in sensory training

and electric stimulation group

Electric Sensory
Stimulation (n=15) | Training (n=15) t p value
Mean+SD Mean+SD
Age (yr) 65,8+7,2 69.4+8,3 -1.2 0.20
Height (cm) 165.6+11.1 166.6+6.9 -0.2 0.70
Weight (kg) 77.6+6.7 76.4+10.2 0.4 0.69
BMI (kg/m? 28.4+3.2 27.5+3.7 0.7 0.47

Data expressed as mean + standard deviation. BMI: Body mass index.
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The gender, hemiplegic side, dominant side and education level in the study
groups were given in Table 4.2. Chi-square test was used to assess clinical charactesistics.
There were no statistically significant differences according to gender, hemiplegic side,

dominant side and education level between two groups. (p>0.05)

Table 4.2. Clinical characteristics and sociodemographic features of patients in sensory

group and electric stimulation group

Electric Sensory
Stimulation Training % p value
% (n) % (n)
Gender Female 40 (6) 40 (6)
0.0 1.00
Male 60 (9) 60 (9)
Hemiplegic Right 33.3(5) 40 (6)
Side 0.1 0.70
Left 66.7 (10) 60 (9)
Dominant Right 86.7 (13) 93.3 (14)
Side 0.3 0.50
Left 13.3(2) 6.7 (1)
Education Illiterate - -
Level
Primary 40 (6) 40 (6)
School
2 0.36
High 20 (3) 40 (6)
School
University 40 (6) 20 (3)

Data expressed as % (n).
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The mini mental score and duration of hemiplegia of patients in the study groups
were given in Table 4.3. An independent-samples t test and mann-whitney u test was used
to assess parametric and non-parametric variables. There were no statistically significant

differences between two groups. (p>0.05)

Table 4.3. Duration of hemiplegia and mini mental scores of patients in sensory group

and electric stimulation group

Electric Sensory
Stimulation (n=15) | Training (n=15) Significance
Mean+SD Mean+SD
Duration p: 0.96
2.3£2.02 2.03+1.56
(month) uz-0.40
Mini Mental p: 0.96
22.9+4.10 23+2.90
Score t:-0.50

Data expressed as % (n)
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An independent-samples t test and mann-whitney u test were used to compare of

parametric and non parametric variables between participants of EG and SG before

interventions. There was no statistically significant difference between the two groups in

Table 4.4. (p>0.05).

Table 4.4. Comparison of proprioceptive and cortical senses between EG and SG before

interventions
Electric Sensory
Stimulation Training
Significance
(n=15) (n=15)
Mean+SD Mean+SD
p: 0.18
Position Sense 6.4+3.0 5.0+£2.8
u:-1.30
Proprioceptive Passive p: 0.07
. 6.8+1.8 5.3+2.3
Sense Motion Sense u-1.80
Vibration p: 0.57
4.2+4.3 2.542.2
Sense u:-0.50
Two-point p: 0.54
Discrimination 6.9+2.8 7.5£2.6
Sense t:-0.60
Cortical p: 0.20
Sense Graphestesia 3.1£1.4 3.9£1.9
t:-1.30
Tactile p: 0.33
o 7.1+£1.9 6.3+2.3
Localization 1:-0.90

Data expressed as mean + standard deviation.
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Chi-square test was used to assess the deep pain and tactile inattention of

individuals. There is no meaningful results were found in Table 4.5. (p>0.05).

Table 4.5. Characteristic of deep pain and tactile mattention between EG and SG before

interventions
Electric Sensory
Stimulation | Training % p value
% (n) % (n)
Positive 53.3(8) 66.7 (10)
Deep Pain 0.55 0.45
Negative 46.7 (7) 33.3(5)
Tactile Positive 26.7 (4) 60 (9)
) 3.30 0.65
Inattention g0 ve 733 (11) 40 (6)

Data expressed as % (n).
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A Wilcoxon test for non parametric variables and paired-samples t test for
parametric variables were used to examine group differences in regard to pre and post test
mean scores of proprioceptive and cortical sense evaluation in Table 4.6. As per results,
both electric stimulation group (EG) and sensory training group showed statistically

significant difference in proprioceptive and cortical senses (p<0.05).

Table 4.6. Comparison of proprioceptive and cortical sense evaluation for intragroup

variables between EG and SG

Electric Sensory
Stimulati Training
Significance Significance
on (n=15) (n=15)
Mean+SD Mean+SD

pre 6.4+3.0 p: .002* 5.0+£2.8 p: .001*
Position Sense

post 8.6+2.1 z:-3.0 8.1£2.3 z:-3.3
Proprioceptive Passive pre 6.8+1.8 p: .002* 53423 p: .001*
Sense Motion Sense " T g 5413 z:-3.1 8.4+1.4 2:-3.3
Vibration pre 4.2+4.3 p: .002* 2.5+2.2 p: .001*
Sense post | 6.4+4.5 2:-3.1 6.653.3 2:-3.1

TWO-pOint pre 69:|:28 p: ‘000* 75:|:26 p: .000*

Discriminatio
1 Sense post 3.6+1.6 t:6.5 3.1+1.2 t:7.7
Cortical pre 3.1+1.4 p: .000* 3.9+1.9 p: .000%
Sense Graphestesia
post 5.7£2.6 t:-4.9 6.8+1.8 t:-14.22
Tactile pre 7.1£1.9 p: .001* 6.3£2.3 p: .001*
Localization "0 g 8410 2:-3.2 8.7+1.5 2:-3.3

Data expressed as mean +standard deviation.
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A Mc Nemar Test was used to examine group differences in regard to pre and post

test of deep pain and tactile inattention. As per results, in electric stimulation group(EG)

and sensory training group showed statistically significant difference in proprioceptive

and cortical senses in Table 4.7. (p<0.05). There were significant improvements in deep

pain of both electric stimulation and sensory training group. Also there were

improvements in tactile inattention of sensory training group.

Table 4.7. Comparison of deep pain and tactile inattention evaluation for intragroup

variables between EG and SG

Electric p value Sensory p value
Stimulation Training %(n)
% (n)
Positive Pre: 53.3 (8) Pre: 66.7 (10)
Post:6.7 (1) Post:13.3 (2)
Deep Pain 0.016* 0.008*
Negative Pre: 46.7 (7) Pre: 33.3 (5)
Post:93.3 (14) Post:86.7 (13)
Positive Pre: 26.7 (4) Pre:60 (9)
Post:13.3 (2) Post:20 (3)
Tactile
. Negative 0.050* Pre:40 (6) 0.031*
Inattention Pre: 73.3 (11)
Post:86.7 (13) Post:80 (12)

Data expressed as mean +standard deviation.
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An independent-samples t test for parametric variables and mann-whitney u test
for non-parametric variables used to compare of differences of proprioceptive and cortical
senses between electric stimulation group and sensory training group in the wake of
calculating intergroup differences before and after intervention in Table 4.8. The results
showed that there were a statistically significant improvement in passive motion sense

means in sensory training group (p<0.05).

Table 4.8. Comparison of differences between pre and post evaluation results of the

proprioceptive and cortical senses in intergroup variables

Electric Sensory
Stimulation Training Sisnificance
(n=15) (n=15) ®
Mean+SD Mean=SD
. p:0.10
Als’osmon 29415 3.0+1.1
ense u:-1.50
W pocc p:0.02*
Proprioceptive Motioarlssslzzse 1.6+1.2 3.1#1.3
oo u:-3.10
A Vibration p:0.27
Sense 2.2+42.2 4.1£2.9
u:-2.20
A Two-point 0.15
. p:0.
Dlscrslmmatlon -33+1.9 -4.442.2
ense t:1.40
. ] p:0.55
Cortical Sense | A Graphestesia 26420 2.9+0.7
t:-0.50
A Tactile p:0.11
Localization 1.7+1.3 2.4+1.1
u:-1.50

Data expressed as mean +standard deviation.
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Chi-square test was used to compare the differences of deep pain and tactile

inattention between electric stimulation group and sensory training group in the wake of

calculating intergroup differences before and after intervention. The results showed that

there were no statistically significant differences according to deep pain and tactile

inattention between two groups.

Table 4.9. Comparison of differences between pre and post evaluation results of the deep

pain and tactile mattention evaluation in intergroup variables

Electric Sensory
Stimulation | Training »? p value
% (n) % (n)
Recovery 46.7(7) 53.3(8)
A Deep Pain 0.13 0.715
Same 53.3(8) 46.7(7)
A Tactile Recovery 13.3(2) 40(6)
. 2.72 0.090
Inattention | gape 86.7(13) 60(9)

Data expressed as mean +standard deviation.
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5. DISCUSSION

The results of our study were compared with the effects of the sole of foot sensory
education and electrical stimulation on proprioceptive and cortical senses in addition to
neurodevelopmental treatment approaches in acute hemiplegic patients. We found
positive effect on proprioceptive and cortical senses, Therefore, it was concluded that the
sole of foot sensory training and electrical stimulation should be included in post-stroke

physiotherapy and rehabilitation programs.

Sensory training is an active education including the training of deep and cortical
senses, while electric stimulation is a passive treatment. While both active and passive
therapy develop sensory impairment, it has not been proven that active physical therapy

has a distinct advantage over passive.

Sensory disturbance is a very common problem after stroke. According to
research, 50% of patients experience sensory impairment. This sensory disturbance
prevents the patient from discovering the environment, leading to many problems that
prevent the patient's daily life. (5) After stroke, balance problems and the risk of fall arise
with the decrease in sensory input quality. (65) Therefore, it is necessary to contribute to
the healing process in hemiplegia with the improvement of the senses. Most studies have
shown recovery in superficial, proprioceptive and cortical sensations such as vibration,

light touch, and two-point discrimination. (17,67,69)

In some studies, significant advances have been reported in upper limb treatments
made using sensory training after a stroke. (17, 66, 67) Yekutiel et al. studied with
hemiplegic patients with sensory deficit in the hand for two or more years after stroke.
Before and after this period, sensation in the plegic hand was tested. On all sensory tests,
the treated group showed significant gains. It is showed that somatosensory deficit can be
alleviated even years after stroke and that for those with sensory deficit, rehabilitation for

stroke patients should include sensory retraining. (17)
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Byl et al. have applied motor and sensory studies in upper extremity in chronic
hemiplegic patients into two group. As a result, there is an increase in upper extremity
functions in both groups. This study provides evidence of significant functional

improvement in the late post-stroke recovery period after sensory motor training. (66)

Smania et al. have made improvement in the somatic and motor control
deficiencies at hand with cortical and subcortical pure sensory stroke patients using
exercises aimed at recovering sensation and motor control especially in tactile
discrimination and joint position sense in their study. (67) In our study, on the contrary
of these studies, of the sensory training lower extremity sense was investigated in acute
period and we found a significant progress in the sole of foot sensation as a result

program.

We have seen that a similar topic about sensory training on the sole of foot after
the stroke is very few. Morioka et al. applied sensation training for 10 days to the sole of
foot in (hardness discrimination task). They used three different levels of rubber sponge
in hardness (5, 10 and 15 mm thickness). Patients were asked determine the thickness of
the rubber sponges while blindfoldedly 10 times. The treatment was performed in
standing under the sole of foot daily for 10 days. This sensation training has been proven

to have a positive effect on the balance of standing. (68)

On the other hand, Susan Hillier et al. examined three male stroke patients with
superficial sensations and proprioception. The sensory education program was applied
for 45 minutes each day and 3 days every week for 2 weeks. The program was designed
to detect, locate and discriminate hemiparetic foot sensations, practice recognizing
familiar surfaces and textiles applied to the foot, such as sandpaper and tiles. As a result
of 2 weeks of sensory education on the sole of foot, light touch was developed and no
significant progress was made in proprioception. (69) In our study, a significant
improvement was observed in all proprioceptive and cortical senses in the sensory

education group as a result of the sensory study performed in the same area.
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There are different sensory education protocols applied to upper and lower
extremities, mostly to upper extremities. De Jersey said that the senses and movement
were engaged and that it would be treated with re-education. He used ice, vibration and
different textures in his treatment program. (70) Lynch et al. used detection and
localization of touch, hardness, texture and temperature discrimination. (71) Also, Carey
et al. perform limb position discrimination to investigate effects of sensory training of
chronic stroke patients. (72) Based on these studies, in the protocol we created, different
sizes of sensory balls, rigit and soft object, ice, vibration, massage and different surfaces

were used to create sensory input.

Luckie et al investigate experiences of people with stroke and lower limb
sensation disorders. They found that sensory deficits are prevalent and permanent.
Sensory deficits directly affect balance, gait, mobility and fall. Based on the fact that
sensory disorder is common and affects functionality, we also conducted sensory training

for patients with acute hemiplegia. (73)

In another similar study, Lynch and colleagues investigated the effect of sensation,
postural control and gait on acute stroke patients who would use sensory training on the
sole of foot after acute stroke. In postural control, timed gait, walking aid and in light
touch of the feet, significant improvements were found. No significant effects on
proprioception or amount of assistance needed to walk were observed. (71) Similarly, in
our study, we studied the effects of sensory training on the sole of foot with acute stroke
patients. However, on the contrary, we found a significant improvement in proprioceptive

sensation.
Proprioception affects the perception of the position of the limb. As a result of the

loss of this ability, patients get negative consequences for exploration objects, control of

movement and rehabilitation of motor function. (74, 75, 76)
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Smith and his colleagues evaluated acute hemiplegic patients in terms of
proprioception and spatial negligence. In this study, a significant proprioception disorder
was detected in 44% of patients. Diagnosing proprioception loss and recognizing the
existence of negligence in stroke patients is essential for the clinician as this affects
rehabilitation and may explain the failure of the patient to react to therapy. In their study,
there was an improvement in proprioception on 87% of patients. (77)

In our own results, we can add sensory inputs to the treatment program for retreatment

and improvement of motor function based on the increase in the proprioception.

Afferent sensory stimulus in the motor cortex triggers healing. Sullivan et al.
indicated that the combination of electrical stimulation and motor stimulation provides
sensory improvement for the function of the upper extremity. (20) Wu et al. found that
electric sensory stimulation may enhance the paretic-hand function in chronic stroke and

benefit of neurorehabilitative treatments and motor learning. (78)

Tyson et al. claimed that results provide initial evidence of potential of ' active
TENS ' that is transcutaneous electrical nerve stimulation during everyday activities to
benefit post-stroke physical function. Participants got better balance, mobility and

plantarflexor joint position sense. (79)

While we use electrical stimulation for sensory recovery, chae and colleagues
have only used it for motor healing and found it beneficial. Chae et al. a total of 15
sessions per day with electrical stimulation combined exercise therapy has proven to be
more effective in patients with acute stroke compared to the placebo group on upper

extremity motor recovery. (11)

Schuhfried et al investigate electrical stimulation to provide an overview of the
clinical application of transcutaneous electrical stimulation in patients with upper motor
neuron lesions. One form of electrical stimulation is a purely sensory stimulation that can
cause triggering sensorimotor reorganization, muscle tone reduction and spasticity

inhibitory effect. (80)
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In our study, we found significant effects on the proprioception and cortical senses
with sensory stimuli to the sole of the foot using electrical stimulation, as in similar
studies. This shows us that we can make progress in the lower extremity functions by

using electrocritical stimulation.

As far as we know, no studies published to investigate the comparison of the
effects on the sole of foot sensory education and electrical stimulation on the sole of foot
of proprioceptive and cortical senses in acute hemiplegic patients. When the result of our
study that we compared the efficacy of two groups, were evaluated, there was a significant
increase in all proprioceptive and cortical senses, while the advantage of the two groups

was found only passive motion sense of sensory training group over electrical stimulation

group.

In order to test sensory disturbances involving two-point discrimination,
stereognosis, texture discrimination, tactile localization, and position sense, Kim and his
colleagues studied acute hemiplegic patients. Sensory disturbances, such as stereognosis,
texture discrimination, and tactile localization, were found more frequently (57 out of 67
patients). (81) In our study, we investigated position sense, passive motion sense,
vibration sense, two-point discrimination sense, graphestesia, tactile localization, deep

pain and tactile inattention and all of them progressed like as Kim’s study.

Esra Dogru investigate the effect of lower extremity sensory training on body
control and upper extremity functions with stroke patients. She said that during the
activity, information that goes from the environment to the central nervous system goes
through the sole of foot and back of the thigh. The development of the sense of sole of
foot and back of the thigh allows for better quality of activities that require reaching in
the sitting position. As a result of the sensory training conducted in our study, we can
suggest that the development of sole of foot sensation may have an effect on sitting

balance. (82)
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In a review study with Scahbrun et al., active and passive sense training after
stroke was investigated. Electrical stimulation modalities that do not generate muscle
contractions as passive training were wanted to be stimulated with surface electrodes and
somatosensory areas. In active education, distinctive and localized sensations such as,
sterognosis and proprioception were targeted. As a result of the study, it was found that
there is a limited number of active education in the literature. (83) In our study, we
investigate the comparison of active and passive sensory education on stroke patients to
contribute to the literature. The result of the study shows that there are no significant

effect on each other except position sense between two group.

In a study conducted abroad, most doctors and therapists have proven that they do
not ignore sensory evaluation. They evaluate somatosensory loss after stroke on a regular
basis. Somatosensory evaluation is clinically relevant to provide useful information for

prognosis in somatosensory testing. (14)
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6. CONCLUSION

The results of our planned study to compare the effects of sensory education and
electrical stimulation on the sole of foot of proprioceptive senses as joint position sense,
vibration sense, joint motion sense, deep pain and cortical senses as stereognosis,
graphestesia, tactile localization, two-point discrimination in addition to

neurodevelopmental treatment approaches in stroke patients are summarized.

As aresult of the 15 sessions treatment, there was a significant increase in the sole
of foot proprioceptive and cortical senses in both groups. However, when the two groups
were compared, it was found that the sensory group was superior to the electrical

stimulation group only in the sense of passive motion from the proprioceptive senses.

It is known that sensory education in stroke patients affects the functionality.
Therefore it is concluded that the evaluation and treatment of the sole of senses should

not be neglected in the rehabilitation programs of stroke patients.

In the future, we suggest to investigate if the sole of foot sensation training has a
positive effect on functionality in stroke patients. In addition, the number of patients
received in the study is limited. More patients should be included in the study and more
studies should be conducted. Because of the fact that sensory education and electrical
stimulation are not compared in the literature, our study is thought to contribute

significantly to literature in this field.
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APPENDIX 1. INFORMED WRITTEN CONSENT

s

T.C.YEDITEPE UNIiVERSITESI

Bu anket Yeditepe Universitesi Saglik Bilimleri Enstitiisii Fizyoterapi ve
Rehabilitasyon Anabilim Dali, Yiiksek Lisans Tezi i¢in hazirlanan “Akut Hemipleji
Tanihh Hastalarda Ayak Tabam1 Duyu Egitmi ve Elektrik Stimulasyonun
Proprioseptif ve Kortikal Duyular Uzerine Etkisinin Karsilastirilmasi” adl
arastirma kapsaminda kullanilmaktadir. Bu caligmanin amaci hemipleji tanisi almig
bireylerde, duyu egitimi veya elektrik stiimilasyonla kombine edilmis nérogelisimsel
fizyoterapi programinin ayak tabani duyusu lizerine etkilerinin karsilastiriimasidir.
Calismaya akut hemipleji tanis1 almig 40 hasta dahil edilecek, fizyoterapi seanslari
haftanin 5 giinii toplamda 15 seans olmak tizere 20 dakika siirecektir.

Arastirma ile ilgili sizden doldurmaniz1 istedigimiz formlar1 dogru bir sekilde
doldurmaniz ve herhangi bir sikayetiniz ya da rahatsizliginiz oldugunda bize bildirmeniz
gerekmektedir. Istediginiz zaman calisma disina ¢ikma hakkiiz oldugunu bilmenizi
isteriz. Bu arasgtirma kapsaminda uygulanacak olan uygulamalarda herhangi bir risk
bulunmamakta ve yapilacak higbir uygulama size zarar vermeyecektir. Bu arastirma
dahilinde sizden herhangi bir {icret talep edilmemektedir. Bu arastirmada yer almaniz
nedeniyle size hi¢gbir 6deme yapilmayacaktir. Kisisel bilgileriniz herhangi bir amagcla,
kurum yoneticileri veya iigiincii kisilerle paylasilmayacaktir.

Katilimimiz i¢in tesekkiir ederiz.
Danmigman Ogretim Uyesi: Dog. Dr. Rasmi MUAMMER

Arastirmact: Fzt. Cansu HAYIROGLU (Arastirma siiresince 24 saat ulasilabilecek kisi)

Akut Hemipleji Tanmili Hastalarda Ayak Tabani Duyu Egitmi ve Elektrik
Stimulasyonun ~ Proprioseptif ve Kortikal Duyular Uzerine Etkisinin
Karsilagtirilmasi isimli calismada katilimcrya/goniilliiye verilmesi gereken bilgileri
okudum ve katilmam istenen caligmanin kapsamini ve amacini, goniillii olarak
tizerime diisen sorumluluklari tamamen anladim. Calisma hakkinda yazih ve sozlii
aciklama adi belirtilen arastirmaci tarafindan yapildi. Bu calismayi istedigim
zaman ve herhangi bir neden belirtmek zorunda kalmadan birakabilecegimi ve
biraktigim takdirde herhangi bir olumsuzluk ile karsilagsmayacagimi anladim.

Bu kosullarda s6z konusu aragtirmaya kendi istegimle, higbir baski ve zorlama
olmaksizin katilmay1 kabul ediyorum.

Goniilliiniin Adi Soyady/ imzas:

Aciklama Yapan Kisinin Adi Soyadi/ Imzas1: Cansu Hayiroglu
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APPENDIX 2. STRUCTURED QUESTIONNAIRE

Min

Yeditepe Universitesi
Saghk Bilimleri Enstitiisii

Fizyoterapi ve Rehabilitasyon Anabilim Dal

Ada:

Soyada:

Cinsiyet:

Yas:

Boy:

Kilo:

BMI:

Ozgecmis:

Medeni Durumu:
Evli o Bekar o Dul o Bosanmis o

Egitim Seviyesi:
Okur-yazar degil o 1lkdgretim o Lise o Universite O
o

Lisans usti

Dominant taraf:

Sag o Sol O

Hemiplejik Taraf ve Etkilenen Bolge:
Sag o Sol o Bolge:
Olay Tarihi:

Daha 6nce inme gecirildi mi ?
Evet O Hayir o Olay Tarihi:

Daha 6nce rehabilitasyon goriildii mii?
Evet O Hayir o Siiresi:

Son 6 ay icerisinde medikal operasyon gecirildi mi?
Eveto Hayir o Bélge ve Islem:

Kullandig: cihaz var mi?
Evet O Hayir o Cihaz ismi:
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Mini Mental Skoru:

Vas Skalast:

Duyu Degerlendirmesi:

1-Derin Duyu (Proprioseptif Duyu)

a- Pozisyon duyusu
Ilk: Son:

b- Pasif hareket duyusu
Ilk: Son:

c- Vibrasyon duyusu
Ilk: Son:

d- Derin agn
Ilk: Son:

2-Kortikal Duyu

a

Iki nokta ayrrimi

Ilk: Son:

b- Grafestezi

Ilk: Son:

c- Taktil lokalizasyon
Ilk: Son:

d- Taktil inatansiyon (Sonme fenomeni)
Ilk: Son:
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APPENDIX 3. MINI MENTAL TEST
STANDARDIZE MINi MENTAL TEST

YONELIM (Toplam puan 10)

Hangiyiligindeyiz . ... ()
Hangimevsimdeyiz . . ... ... e ()
Hangiayday1z. .. ... ... ()
Bugiinaymkaci. ... ()
Hangi glindeyiz . . . ...t ()
Hangililkede yasiyoruz . ... ... @)
Su an hangi sehirde bulunmaktasiniz. . . ......... ... ... ... ... ... ()
Su an bulundugunuz semt neresidir . . . ......... ... ... ()
Su an bulundugunuz binaneresidir. .. .......... ... ... ... i . ()
Su an bu binada kaginci kattasiniz. . . ....... ... L ()

KAYIT HAFIZASI (Toplam puan 3)

Size birazdan sdyleyecegim ii¢ ismi dikkatlice dinleyip ben bitirdikten sonra tekrarlayin
(Masa, Bayrak, Elbise) (20 sn siire taninir) Her dogruisim I puan................ ()
DIKKAT VE HESAP YAPMA (Toplam puan 5)

100’den geriye dogru 7 ¢ikartarak gidin. Dur deyinceye kadar devam edin.

Her dogru islem 1 puan. (100, 93,86, 79,72,65) ... ... ()
HATIRLAMA (Toplam puan 3)

Yukarida tekrar ettiginiz kelimeleri hatirliyor musunuz? Hatirladiklarinizi syleyin.

(Masa, Bayrak, EIbise). . . ... ..o ()
LiSAN (Toplam puan 9)

a) Bu gordiigiiniiz nesnelerin isimleri nedir? (saat, kalem) 2 puan (20 sntut)........ ()
b) Simdi size sdyleyecegim ciimleyi dikkatle dinleyin ve ben bitirdikten sonra tekrar edin.
“Eger ve fakat istemiyorum” (10 sntut) lpuan................ .. .......... )

c) Simdi sizden bir sey yapmanizi isteyecegim, beni dikkatle dinleyin ve sdyledigimi
yapin.
“Masada duran kagidi sag/sol elinizle alin, iki elinizle ikiye katlayin ve yere birakin
litfen”

Toplam puan 3, siire 30 sn, her bir dogruislem lpuan....................... ()

d) Simdi size bir climle verecegim. Okuyun ve yazida sdylenen seyi yapin. (1 puan)
“GOZLERINIZI KAPATIN” (arkasayfada) . ................. ... ... ()
e) Simdi verecegim kagida akliniza gelen anlamli bir climleyi yazin. (1 puan)....... ()
f) Size gbsterecegim seklin aynisini ¢izin. (arka sayfada) (I puan)................ ()
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APPENDIX 4. ETHICAL COMMITTEE APPROVAL

T.C. YEDITEPE UNIVERSITESI

Sayr :  37068608-6100-15-1551 ? 04/10/2018
Konu: Klinik Arastirmalar
Etik kurul Bagvurusu hk.

Ngili Makama (Cansu Hayroglu)

Yeditepe Universitesi Fizyoterapi ve Rehabilitasyon Anabilim Dah Do¢. Dr. Rasmi
Muammer’in sorumlu oldugu “Akut Hemipieji Tanili Hastalarda Ayak Tabar Duyu Egitimi
ve Elektrik Stimulasyonun Proprioseptif ve Kortikal Duyular (zerine Etkisinin
Kargilastinlmasi” isimli aragtuma projesine ait Klinik | Arastirmalar Etik Kurulu (KAEK)
Bagvuru Dosyasi { 1527 kayit Numaral KAEK Bagvuri Désyast ), Yeditepe Universitesi Klinik
Aragtirmalar Etik Kurulu tarafindan 03.10.2018 tarihli toplantida incelenmigtir.

Kurul tarafindan yapilan inceleme sonucu, yukandaki isimi belirtilen ¢alismanin yapilmasinn
etik ve bilimsel a¢idan uygun olduguna karar verilmistir ( KAEK Karar No: 907 ).

Prof. Dr. Turgay CELIK.

Yeditepe Universitesi
Klinik Arastirmalar Etik Kurulu Bagkam

Yeditepe Universitesi 26 AQustos Yerlesimi, inona Mahallesi Kayisdag Caddesi 34755 Atagehir / Istanbul
T.0216 5780000 www.yeditepe.edu.tr F.0216578 0289
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