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ABSTRACT--Stroke patients show delay in visual-spatial recognition and visual perception because of 

neurological deficit. 30 stroke patients were randomly divided into a eye tracking exercise group and a general 

exercise therapy group for six weeks, eye tracking program is consisting of saccade, optokinetic, vestibulo, eye 

tracking, and eye fixation. And the results were compared before and after the intervention using a balanced 

analysis device. There was a statistically significant difference in path length, path velocity, and Area 95% in an 

eye tracking exercise group compared with general exercise group(p<0.05). Thus, muscle strengthening and 

coordination training are important to maintain the static balance of stroke patients, an approach in terms of 

sensory integration, such as visual perception and vestibular sensory are needed. 
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I. INTRODUCTION 

Stroke survivor suffer from disabilities and sequelae and experience difficulties in performing continuous 

movements and with their daily activities for the rest of their lives (Buntin et al. 2010). The most common causes 

for stroke include occlusion and bleeding of the artery branches, which supply oxygen to the internal carotid artery, 

mesencephalic artery, or cerebral hemisphere's primary motor area (Basmajian et al., 1987). Decreased sensation, 

loss of exercise ability, and impaired cognitive ability due to neurological damage result in difficulty with 

maintaining the balance of body and controlling the posture, which leads to frequent falls (Ikai et al. 2002). In 

addition, stroke patients with a lesion in the left hemisphere experience delays in visually recognizing space and 

performing visual perception (Badke and Duncan 1983). Further, the visual perception problem causes difficulty 

with straight standing, spatial recognition of the body, performing a task, and acquiring new information as well 

as other issues in everyday life such as difficulty with judging distance to an object at the paralyzed side (Ralph et 

al. 1987). 

With equilibrioception, a person recognizes his or her body within space through sensory aspects, including 

the somatosensory system, the visual sensory system, and vestibular systems (Goldie et al., 1996). Especially, 

spatial cognition has a significant correlation with control of balance, and enhances the stability of the body within 

the space, by providing information to adjust position and motion of each part of the body at the point the movement 

occurs (Taylor, 1990). The vestibular system especially oversees more functions in maintaining the balance. The 

vestibular system supports subconscious interaction between vestibular senses and visual sense through vestibulo-
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ocular reflex and vestibulospinal reflex, enabling the human body to maintain the direction of sight as we desire. 

Also, the vestibular system enhances the stability of the body by creating smooth coordination between the 

somatosensory system (Morimoto et al. 2011). Hence, an appropriate arrangement between visual and vestibular 

sensory systems to effectively maintain the body balance (Bente and Bassoe, 2008). 

Eye tracking exercise is a part of the training regiment to improve visual cognition function, and it stimulates 

vestibulo-ocular reflex. It is the reflective reaction that fixes eyeball by arousing interior rectus muscle on the 

direction of the head is rotating towards, as well as the lateral rectus muscle (Fetter, 2007). Such a vestibular 

function allows the body to adjust against gravity by controlling the movement of not only ocular but also the 

limbs, torso, and neck (Susan and Schmitz, 2007). That is, controlling the ocular movement stimulates vestibular 

organs and posture control. Warren et al. (1993) showed improvement in balancing function when 10 patients who 

suffer from brain damage were instructed to perform tracking movement training, saccadic movement training, 

rotating movement training. While many precedent pieces of research on stroke rehabilitation treatments focus on 

strengthening limb muscles to improve balancing function, a limited number of studies approach from visual 

cognition and vestibular senses. Even such achievements are mostly based on an individual type of ocular 

movements. Hence, through this research, we aim to ascertain how simultaneous training in trajectory tracing, 

saccadic movement, and rotating movement affects the balancing function of stroke patients. 

 

II. METHOD 

Subjects 

The 30 subjects of this research were selected among the patients diagnosed with stroke and admitted to a 

hospital in a metropolitan city, after December 2019, and satisfies the selection requirements presented below. 

Subjects in eye tracking exercise group, and General exercise group, were randomly selected to perform a 

therapeutic intervention. 

The participants of this study were explained with the purpose and methods of the research and submitted the 

consent form indicating the intention of voluntary participation. Selection was a person who has been diagnosed 

with stroke by the physical specializes in rehabilitation medicine for 6 months or longer, a person who is at 3rd or 

higher stages in Brunnstrome recovery stage, a person who can maintain upright posture independently 5 minutes 

or longer, and a person who is not suffering from catastrophic loss of sight. The general characteristics of the 

subject are as follows (Table 1). 

 

Table 1: General characteristic of the subjects. 

 
Eye tracking 

exercise group 

General  

exercise 

group 

p 

Age(year) 69.93±11.73 63.93±13.09 0.19 

Height(cm) 163.93±7.07 163.40±9.78 0.86 
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Weight(kg) 61.40±10.01 62.40±12.76 0.81 

Gender        Male 

              Female     

6 9  

9 6  

Stroke type   Hemorrhage 7 9  

              Infarction 8 6  

 

procedure 

Eye tracking exercise 

Sensoneck (Redcord, Inc., Norway) program used for this study is inspired by the achievements of 

Pertuseviciene (2007). Numbers were added on the track board to facilitate the understanding of the subject. 

Considering the height of the subject, we positioned the subject within 2~3 meters from the track board and made 

participants wear a headband with a laser pointer attached (Fig 1). The subject stares at 0, and then follow the 

trajectory of the objectives as instructed by the experimenter (Fig 2). Instructions include following only with eyes 

after fixing the head and following with both eyes and head. The shape of the trajectory consists of X shape, 

ellipses, + shape, and the shape of 8 rotated by 90 degrees. 1 session lasted 3 minutes, and 3 sessions were given 

with 1-minute intermittent rests.  

The program is as follows, first, saccade eye movement. With your head fixed, move your eyes 15 times 

between the numbers 0 and 7. Next, with your head fixed, move your eyes 15 times between the numbers 7 and 8. 

And repeat in several directions, as just shown in the previous. Second, optokinetic eye movement. With your head 

fixed, move your eyes according to the overall shape. Third, vestibulo eye movement. Keep an eye on the number 

0, then fix your eyes and move your head. Fourth, eye tracking movement. Move the head and eyes so that the 

laser pointer dose not deviate from the line. Fifth, eye fixation. Keep the laser pointer steady, keep an eye on 

number 0 and hold for 1 minute. 

 

 

Figure 1: Laser pointer (left) and eye tracking exercise (right) 
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Figure 2: Sensoneck track board 

 

General exercise program 

First, while in a position, where the patient is lying down straight, the therapist performs stretching and range 

of motion exercise for 5 minutes, and patient is lying down straight, the patient is instructed to bend the knees by 

60 degrees while maintaining the waist in the neutral position. The sole, as well as the arms, are placed conveniently 

on the floor, the patient is asked to maintain the balance by lifting the pelvis. The exercise is performed for 15 

minutes by adjusting steps and methods based on the patient’s status. Next, a pillow is placed under the knees to 

block the compensation reaction of hip flexor, also, both sides of the shoulder relax by placing towels under the 

shoulder joint. Then, prevent a pectoralis major from compensating, then make the abdominal muscle contract by 

having a patient look at the knees by lifting up the head. Finally, while in a position, where the patient is lying 

down straight, the therapist performed 5 minutes of stretching and range of motion exercise. 

 

Equipment 

We utilized the Nintendo Wii Balance Board (RVL-021, Japan) and Balancia 2.0 (Mintosys, Korea) balancing 

measurement programs to analyze the balancing function while the subjects are in an upright standing position. 

Wii balance board continuously collects pressure center information from 4 load cells and transmits to computing 

equipment through Bluetooth. Collected pressure center data are analyzed by Balancia software. Variables we used 

in this research is the overall path length, evaluated by summing up all path length of pressure center, an average 

of path velocities, evaluated by dividing path velocity by overall path lengths. And 95% path area, evaluated with 

the area of pressure center distribution in the shape of ellipses to assess the spatial aspect of the balance.  

The subjects are allowed 30 seconds to feel comfortable to the balance board after standing on it with shoes 

off. Measurement began as soon as the experimenter notifies the subject of the commencement of the experiment 

the subject is instructed not to make a black dot on the screen deviate from the center as much as possible. For 

safety, 2 therapists observed the experiment besides the patient. The equipment retained a higher confidence level 

in measurement and remeasurement with ICC 0.64-0.94 (Clark et al. 2010), Balancia analysis software also 

maintained higher confidence level upon stroke patients between measurers and validity, with 0.79-0.96, and ICC 

0.85-0.96 respectively. (Park et al., 2013). 

  

Statistics Analysis  

Data from this research was analyzed with SPSS version 20.0. The general properties of the subjects were 

analyzed through descriptive statistics. A paired t-test was employed to test the changes before and after the 
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intervention within a group. An independent t-test was employed to test the change between the group. The 

statistical level of significance was set to α =0.05.  

 

III. RESULT 

In the changes of path length, there was a statistically significant difference between the eye tracking exercise 

group and the general exercise group(p<0.05)(Table 2). In the changes of path velocity, there was a statistically 

significant difference between the eye tracking exercise group and the general exercise group (p<0.05)(Table 2).  

In the changes of the overall path area, there was a statistically significant difference between the eye tracking 

exercise group and the general exercise group (Table 2). 

 

Table 2: Comparison of balance ability for intra group and between group. 

  Pre Post Value 

difference 

t p 

 

Path length 

(cm) 

 

Eye tracking 54.92±7.33a 46.65±7.67 8.26±3.45 8.63 0.00* 

General 54.74±9.54 53.20±8.47 1.53±2.68 2.06 0.06 

t 0.06 -2.06    

p 0.96 0.05    

 Eye tracking 4.59±1.15 2.43±.49 2.16±1.19 6.51 0.00* 

Path 

velosity 

General 4.90±.17 3.01±.80 1.89±1.06 6.45 0.00* 

(sec) t -0.85 -2.20    

 p 0.40 0.04*    

 Eye tracking 5.73±.76 a 2.65±0.34 2.64±1.00 9.53 0.00* 

Area95% General 4.83±1.40 2.55±0.48 2.28±1.42 5.77 0.00* 

(cm2) t 2.02 2.54    

 p 0.05 0.02*    

amean±standard deviation, ＊p<0.05 

 

 

IV. DISCUSSION 

Most patients with stroke tend to employ strategies reliant on visual sense; they look down the ground to walk 

or maintain balance. The changes in this arrangement may influence the vestibular system (Bente, 2008). Although 

several patients tend to suffer from issues in deteriorating vestibular senses and sensory integration, most of the 

treatments are focusing on enhancing muscle strength and functional treatment of the limbs, and often overlook 

the relationship between the position the head, posture assessment, and adjustment of balance. Moreover, stroke 

patients tend to spend more time in a seated position (Michael et al., 2005), which leads to the development of 

forward head posture to compensate for relatively excessive bending of the upper torso (Persson et al., 2007). If 

the forward head posture intensifies, muscles on the neck charged with stabilizing the posture become tighter, 
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pressuring the joints (Harrison et al., 2003). Therefore, the pattern to rely on the changes of head position and 

visual signals lead to changes in the motion of shoulder blades and muscle activities (Bente, 2008) and this 

asymmetry in muscle groups could lead to abnormal posture control. Silva et al. (2013) reported that proprioceptive 

afferent pressure plays a crucial role in controlling the posture. Hence, it is projected that changing perception of 

visual cognition related to posture control would improve balancing function by transforming body schema. 

Morimoto et al. (2011) suggested that ocular movement exercise and gaze stability exercise on healthy adults 

may improve the stability of the posture. Even though Morimoto’s findings were targeted to a different subject, 

they corroborate with this research to the point that target tracing exercise has a favorable effect on posture control. 

Koo et al., (2002) found that ocular exercise induces nervous contraction of antigravity muscle that leads to the 

activation of sensory nerve fibers which exert beneficial influence upon balancing function, According to Bae et 

al., (2019), in ocular exercise stimulation from diagonal direction in ocular exercise with the head in a fixed 

position, may have stronger learning effect over disarray of central nervous sonority integration compared to 

vertical and horizontal ocular movement because horizontal or vertical structure is dominant in most people’s 

living environment. This finding supports the finding of this research that the rotation of the head towards multiple 

directions improves balancing function due to the learning effect over the fluctuation of the postures. Integration 

of Input signals from vestibular organs and visual information partake in controlling ocular movement and spatial 

cognitive ability by vestibular complex transmitting signals related to posture control through spinal cord to lower 

structures while reporting signals from lower echelon to higher structure (Cohen and Keshner, 1989), We could 

find that the subjects of this research experienced the improvement of balancing function and decrease in instability 

of posture after implementing the treatment program. We believe that various sensory inputs relayed through the 

vestibular system have influenced such changes. 

A few limitations to this research could have been identified. Most of the subjects had a stroke more than 24 

months prior to the time of the experiment, so it was difficult to prove the necessity of the research activity due to 

neuroplasticity. Also, we experienced considerable delays in the experimental process with some subjects as they 

had a hard time following the instruction that require rotation of their heads. Another limitation was that we could 

not effectively control the external environment except for the duration of training. Hence, further study may be 

required to complement this research by increasing the sample size and identify the appropriate length of 

intervention with target tracing exercise by recruiting subjects within 6 months since the onset of the stroke. 

Based on the findings, we could conclude that employing various types of ocular exercise training for stroke 

patients helped improve patients’ balancing function. Hence, we believe that developing and implementing ocular 

exercise programs with instruments accessible in our daily lives; it may be beneficial in enhancing balance ability 

of stroke patients. 
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