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Purpose: This study aimed to evaluate changes in the balance ability of patients whose head positions were altered due to stroke. Sub-
jects were divided into three groups to determine the effects of the training on dynamic balance and gait.
Methods: Forty-two stroke patients were enrolled. The Visual Feedback Training (VFT) group performed four sets of exercises per training 
session using a Sensoneck device, while the Active Range of Motion (ART) group performed eight sets per training session after receiving 
education from an experienced therapist. The Visual Feedback with Active Range of Motion (VAT) group performed four sets of active 
range of motion and two sets of visual-feedback training per session using a Sensoneck device. The training sessions were conducted 
three days a week for eight weeks. 
Results: The comparison of changes in dynamic balance ability showed that a significant difference in the total distance of the body 
center was found in the VFT group (p<0.05) and Significant differences were found according to the training period (p<0.05). The com-
parison of the 10 m walk test showed that the main effect test, treatment period and interactions between group had statistically signif-
icant differences between the three groups (p<0.05).
Conclusion: Head-adjustment training using visual feedback can improve the balance ability and gait of stroke patients. These results 
show that coordination training between the eyes and head with visual feedback exercises can be used as a treatment approach to af-
fect postural control through various activities involving the central nervous system.
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INTRODUCTION

Patients with hemiplegia after stroke have balance-control prob-

lems, such as postural sway, asymmetrical weight support, damaged 

weight-transfer ability, and postural standing-control degradation. 

Since most of their daily lives are spent sitting in wheelchairs during 

the early stages of rehabilitation, their exercise levels are very low 

compared to normal healthy individuals, and their selective trunk 

movements and balance abilities are significantly lower in the sit-

ting position.1 Some patients have asymmetrical posture of the head 

and neck due to the imbalance between muscle activity and stability 

and the changes in movement and stability between the head, 

trunk, and pelvis, as well as dominant use of the nonparetic side due 

to the lack of balance control, thereby inducing asymmetrical body-

weight support.2 Therefore, balance on changing support-surfaces3 

during the rehabilitation of stroke patients and improvement of gait 

function, which is the most important factor in determining func-

tional disability in stroke patients, are two of the most important 

goals during the rehabilitation process for all stroke patients.4

To maintain balance effectively, it is necessary to combine the 

functions of the vestibular system, proprioceptors, and the visual-

information systems in the body.5 In postural control, it is impor-

tant to understand the ability to gaze at visual stimuli, one of the 

major functions of vision, for the visual system provides informa-

tion about the motion and position of the body in relation to sur-

rounding environment,6 and vision plays an important role in de-
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termine the level of neuromuscular activity through anticipatory 

postural control when the body moves.7 

Stroke patients can lose visuospatial perception capability due to 

damaged function of the central nervous system, which integrates 

location sensory information received through visual information 

and proprioceptors.8 The subjective visual vertical (SVV) is deter-

mined by the internal integration of the parietal-insular-vestibular 

cortex. Stroke patients who have damage in this region cannot 

properly align their bodies straight on unstable support surfaces.9 

The changed SVV causes changes in the head position of stroke pa-

tients10 and the direction of SVV inclination is the same as that of 

body-trunk inclination in the standing position.11 The inclination of 

SVV is related to the independence of stroke patients,12 and inaccu-

rate SVV creates balance and postural control problems.13 

A trajectory-tracking task, one of the visual-feedback training 

methods widely used in balance training after stroke, is used for pa-

tients who have damage to quantitative movement control, such as 

motor coordination during single-joint movements.14 It is also used 

to investigate the effect of the damage to the central nervous system 

through accurate trajectory-tracking.15 However, existing studies 

have focused only on balance or postural control training using the 

lower and upper extremities through virtual reality programs or 

Wii games on monitors. 

This study conducted an experiment in which patients followed 

specific trajectories with their eyes using the Sensoneck device in 

the sitting position, tracking the trajectory with a laser-pointer 

flashlight attached to the head and aimed at a board in order to de-

termine whether coordination ability was increased through head 

movements and eye-tracking and whether there was a correlation 

between the head/neck area and other body parts. It also aimed to 

determine the effect of changing postural alignment and the mobil-

ity of neuromuscular activities via neck exercises on the postural 

control of stroke patients by emphasizing motor-control therapy for 

coordination between the head and neck.

METHODS

1. Study subjects
This study selected 42 patients, who understood the objective and 

participated voluntarily, from among stroke patients hospitalized at 

K Hospital in Daegu from March to April 2014. All subjects were 

diagnosed with stroke via computed tomography (CT) or magnetic 

resonance imaging (MRI), and their ages ranged from 16 to 65 

years. Within three months after stroke onset, neurologic recovery 

progresses quickly so patients who were still in that period were ex-

cluded, while only patients with no severe cognitive or conscious-

ness disorders and who could follow three-step commands were se-

lected. Patients with visual problems, such as ophthalmodonesis or 

diplopia, or brainstem and cerebellar symptoms (vestibular dys-

function), were also excluded from the study, as were patients with 

receptive aphasia and hemi-neglect. All study subjects were fully in-

formed about the study objectives and methods prior to the experi-

ment, and voluntary consent was received from each participant. 

No significant differences in homogeneity and normality tests were 

found between the groups (p> 0.05) (Table 1).

2. Measurement tools and procedures
1) Measuring tools

The Sensoneck device of the TerapiMaster was used to train eye-

head coordination. This device aims to test and exercise the neck 

Table 1.�General�characteristics�of�the�subjects

Variables VFT�Group�(n=14) ART�Group�(n=14) VAT�Group�(n=14) p

Gender�(male/female,�n) 11/3 11/3 12/2

Age�(yr) 55.57±2.03 58.57±4.40 55.43±3.39 0.77

Height�(cm) 166.86±1.50 167.42±2.33 169.14±2.21 0.71

Weight�(kg) 64.64±1.95 67.92±4.41 64.71±2.96 0.72

Time�since�stroke(month) 8.07±0.84 9.50±0.79 8.00±1.10 0.44

Paretic�side�(right/left,�n) 5/9 8/6 7/7

Type�of�stroke�(infarction/hemorrhage,�n) 7/7 9/5 8/6

Mean±SD.
VFT:�Visual�feedback�training,�ART:�Active�ROM�training,�VAT:�Visual�feedback�training�+�Active�ROM�training.
*p<0.05.
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joints and deep muscles. It consists of a headset mounted with a la-

ser pointer, and a drawing board. When the patient wears the head-

set, the laser is automatically displayed on the drawing board. The 

patient moves the beam along the lines of the drawing board, in-

creasing muscle strength in the neck and stabilizing the neck mus-

cles. By controlling point-movement speed, exercise difficulty can 

be controlled. 

To measure static and dynamic abilities, the Good Balance Sys-

tem Ver 3.06 (METITER, USA) was employed. This machine has 

an inclinable foothold that can measure vertical forces applied to 

the heel. In our study, the static balance ability was measured by the 

center of pressure (COP) while the patient looked forward while in 

the standing position with a 4-inch gap between the feet. The dy-

namic balance ability was measured by a method in which the pa-

tients moved their COP in the correct order along a path displayed 

on the computer screen. A 10-m walk test with proven reliability 

and validity in many other studies was modified to measure the gait 

ability of the patients by having them perform three tasks randomly. 

A mean value was calculated after obtaining three measurements.16 

The three tasks were as follows:

A. Walk upright with a straight head.

B. Walk while rotating the head from one side to the other.

C. Walk while lifting the head from the top to the bottom.

Each task was performed twice while walking, with a one-minute 

rest between tasks.

2) Measurement method

Prior to the experiment, the objectives and test methods of this 

study were explained to the 42 stroke patients who voluntarily con-

sented to the experiment, and a therapist did demonstrations of all 

tasks. To determine the effect of visual-feedback interventions on 

stroke patients according to the training period and the number of 

sessions, the subjects were divided into three groups. They were 

randomly assigned into a visual-feedback training (VFT) group, an 

active range-of-motion training (ART) group, and a group that 

combined visual feedback with active range-of-motion training 

(VAT). All patients performed comprehensive rehabilitation thera-

py, including physiotherapy, occupational therapy, language thera-

py, and cognitive therapy. If needed, walking aids were used for bal-

ance training.

For the VFT group, training was carried out by means of the sen-

soneck device. The subjects were positioned 2.5 m away from the 

picture board, and headsets with laser points were put on them. 

Trajectories on the picture board were divided into a vertical line, a 

horizontal line, an oblique line, a figure of eight, and an oval. And 

the posture of sitting up straight was used as the training posture. 

The first set was composed of the horizontal line, the vertical line, 

the oblique line, the figure of eight, and the oval. Four sets were per-

formed a day, with a three-minute rest between sets. The training 

was carried out for eight weeks, four sets a day and three days a 

week. For the ART group, a trained therapist gave a demonstration 

first, and then the patients were given education. As for the active 

range of motion of neck, flexion and extension, turning to the left 

and turning to the right, extension to the left, flexion to the right, 

extension to the right, flexion to the left, and head turn motion were 

performed in random sequence. Eight sets were performed a day, 

with a one-minute break between sets. The training was carried out 

for eight weeks, eight sets a day and three days a week. For the VAT 

group, the active range of motion of neck was carried out in random 

sequence for eight weeks, four sets a day and three days a week; and 

the visual feedback training was carried out in random sequence, 

tracing trajectories on the picture board. And the training was car-

ried out for eight weeks, two sets a day and three days a week. 

Goodbalance was used to measure balance ability. In the stand-

ing position, sway speeds in the COP A-P and M-L directions were 

measured with the eyes open and closed, respectively. In addition, 

the travel distance of the center of weight and the total travel dis-

tance were measured. To ensure the accuracy of the measurement 

of balance and walking, a single examiner obtained three measure-

ments and a mean value was used. Three measurements for each 

subject were obtained prior to the experiment, after four weeks, and 

after eight weeks, and mean values were calculated.

3. Statistics
The data acquired in this study were statistically processed using 

SPSS version 18.0. The general characteristics of the subjects were an-

alyzed using one-way ANOVA, and two-way repeated ANOVA was 

used to compare differences between balance and walking abilities 

prior to the experiment, after four weeks, and after eight weeks for 

each group. For post-hoc comparison, least significant difference was 

calculated. The statistical significance level of α was set at p < 0.05.
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RESULTS

1. Comparison of dynamic balance ability
1) Comparison of changes in total distance 

Main effect tests showed no statistically significant differences be-

tween the three groups (p> 0.05) but between the training periods 

(prior to experiment, after four weeks, and after eight weeks) 

(p < 0.05). Furthermore, interactions between the groups and be-

tween the time before and after the experiment (prior to the experi-

ment, after four weeks, and after eight weeks) showed no statistically 

significant differences (p> 0.05) (Table 2).

2) Comparison of changes in M-L distance

Main effect tests showed statistically significant differences between 

the three groups (p < 0.05) and between the training periods (prior 

to experiment, after four weeks, and after eight weeks) (p < 0.05). 

Furthermore, interactions between groups and between the time 

before and after the experiment (prior to the experiment, after four 

weeks, and after eight weeks) also showed statistically significant 

differences (p < 0.05) (Table 3). 

3) Comparison of changes in A-P distance

Main effect tests showed no statistically significant differences be-

tween the three groups (p> 0.05) but between the training periods 

(prior to experiment, after four weeks, and after eight weeks) 

(p < 0.05). Furthermore, interactions between groups and between 

the time before and after the experiment (prior to the experiment, 

after four weeks, and after eight weeks) showed no statistically sig-

nificant differences (p> 0.05) (Table 4). 

2.  Comparison of changes in 10 m walking speed between 

groups
Main effect tests showed statistically significant differences between 

the three groups (p < 0.05) and between the training periods (prior 

to experiment, after four weeks, and after eight weeks) (p < 0.05). 

Furthermore, interactions between the groups and between the 

time before and after the experiment (prior to the experiment, after 

four weeks, and after eight weeks) also showed statistically signifi-

Table 2.�A�comparison�of�total�distance�during�the�intervention�on�each�group�� (Unit:�mm)

Pre-test�(M±SD) 4�week�(M±SD) 8�week�(M±SD)
F�(p)

Group Period Group*Period

VFT�Group 1,602.88±407.02 1,522.38±528.42 1,434.12±352.80

ART�Group 1,771.15±508.13 1,761.40±549.99 1,671.50±524.99 1.34�(0.27) 5.45�(0.01*) 1.16�(0.33)

VAT�Group 1,757.27±676.68 1,754.25±652.91 1,667.32±584.29

VFT:�Visual�feedback�training,�ART:�Active�ROM�training,�VAT:�Visual�feedback�training�+�Active�ROM�training.
*p<0.05.

Table 3.�A�comparison�of�M-L�distance�during�the�intervention�on�each�group�� (Unit:�mm)

Pre-test�(M±SD) 4�week�(M±SD) 8�week�(M±SD)
F�(p)

Group Period Group*Period

VFT�Group 990.58±341.77 910.47±287.05 758.86±176.01

ART�Group 1,220.33±390.75 1,154.50±474.98 1,131.44±347.56 3.89�(0.03*) 4.17�(0.04*) 0.93�(0.42)

VAT�Group 1,316.21±581.48 1,199.85±633.61 1,143.39±487.82

VFT:�Visual�feedback�training,�ART:�Active�ROM�training,�VAT:�Visual�feedback�training�+�Active�ROM�training.
*p<0.05.

Table 4.�A�comparison�of�A-P�distance�during�the�intervention�on�each�group�� (Unit:�mm)

Pre-test�(M±SD) 4�week�(M±SD) 8�week�(M±SD)
F�(p)

Group Period Group*Period

VFT�Group 1,161.63±473.37 1,016.31±398.82 928.72±232.79

ART�Group 1,268.47±398.28 1,208.28±399.53 1,178.76±326.36 1.87�(0.17) 4.84�(0.02*) 1.84�(0.14)

VAT�Group 1,352.72±523.98 1,255.50±396.67 1,248.95±501.07

VFT:�Visual�feedback�training,�ART:�Active�ROM�training,�VAT:�Visual�feedback�training�+�Active�ROM�training.
*p<0.05.
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cant differences (p < 0.05) (Table 5). 

DISCUSSION

Many stroke patients experience changes in head position, but most 

rehabilitation focuses on functional treatment and balance training 

for the trunk, arms, and legs, ignoring the correlation between head 

position, postural evaluation, and balance control. Thus, it is neces-

sary for hemiplegic stroke patients to undergo evaluation and treat-

ment of the head and neck. In particular, studies on the relationship 

between incorrect neck posture and balance control in stroke pa-

tients should be conducted.

This study aimed to identify the effect of improved neck posture 

through head/neck exercises in stroke patients and to identify bal-

ance-control problems that can occur due to bad posture, thereby 

providing foundational data that are useful for balance-control ex-

ercise programs for these patients. 

Anabela et al.17 reported that proprioceptive afferent inputs from 

neck muscles play an important role in postural control, and An-

ders, Brose et al.18 reported that three-dimensional head control ex-

ercise is effective in neuromuscular control ability, the facilitation of 

proprioception, increase in balancing ability, and trunk stabiliza-

tion. In addition, Sackley and Lincoln19 reported that visual feed-

back training is effective in gait symmetry in stroke patients, and 

Bonan et al.20 reported that visuo-perceptual training is effective in 

the improvement of balance and gait in stroke patients, showing 

agreement with antecedent research.

Voluntary head movements in the standing position or during 

walking are frequently performed in daily living and are accompa-

nied by eye movement to examine the surrounding environments 

or to visually trace external stimulation.21 The three tasks during 

walking were conducted in this study using a modified 10 m walk-

ing test. On this test, the VFT group showed a significant difference 

according to training period and in comparison to the other groups. 

Walker et al.22 and Dault et al.23 applied visual feedback to patients 

who had damage to the central nervous system, and identified 

body-movement travel and spatial disorientation in the standing 

position, thereby improving postural control ability. Laufer et al.24 

reported that the visual-feedback effect played an important role in 

the postural control of patients with balance control disorders. The 

present study also showed results similar to previous studies, dem-

onstrating a significant difference with the visual feedback training. 

Meesen et al.25 claimed that rotation and diagonal head movements 

affect coordination between the lower and upper extremities so that 

various periodic coordination activities that depend on head stabili-

ty can influence postural balance, and reported that eye-gazing ex-

ercises can induce concentration strength and affect postural bal-

ance. Jamet et al.26 reported that independent walking can be facili-

tated based on postural control through stability in the standing 

position and with unbiased weight distribution. 

Thus, various activities through coordinated movements be-

tween the eyes and head can be one of the therapeutic approaches to 

affecting the postural control of stroke patients. If visual-feedback 

training such as trajectory tracking is applied to improve motor 

functions and balance-maintaining ability for stroke patients, their 

functional daily living performance will be improved. 

The limitation of this study was that no measurement of saccade 

movements was conducted due to the focus on eye movements and 

the lack of studies on the effect of increased head coordination on 

coordination between the upper and lower extremities. In future 

studies, it will be necessary to investigate the effect of distal-portion 

activities, such as head movements, on the stability of the proximal 

portions of the body and the coordination of the extremities. 
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