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Abstract

Introduction: Hemineglect is a lack of awareness for the contralesional space. It is a complex neurologic condition 
to rehabilitate. The study was designed to investigate the effects of vestibular rehabilitation therapy (VRT) on spatio-tem-
poral gait parameters in hemineglect.

Material and methods: Thirty-two hemineglect patients were randomly assigned to the experimental and the control 
group. The experimental group received 60 minutes of training (4 days/week) for the first four weeks (40 minutes tradi-
tional physiotherapy and 20 minutes VRT) and then completed the following four weeks with 60 minutes of only traditio-
nal physiotherapy. For eight weeks, the control group completed 60 minutes of the traditional program four days a week. 
The Microsoft Kinect V2 was used to measure spatio-temporal gait parameters. Patients were assessed at baseline, four 
and eight weeks post-intervention.

Results: After four and eight weeks of intervention, the experimental group demonstrated a significant improvement 
in walking speed (P =  0.0002, d = 12.38 and P = 0.001, d = 13.69, respectively), cadence (P = 0.0003, d = 3.88, and 
P = 0.0003, d = 5.19, respectively), paretic step length (P = 0.0001, d = 2.53, and P = 0.001, d = 3.84, respectively), and 
non-paretic step length (P = 0.0119, d = 2.06, and P = 0.0044, d = 2.31, respectively). There were no significant differen-
ces in the control group in any of the spatio-temporal gait parameters.

Conclusions: VRT improves the spatio-temporal gait parameters in hemineglect, allowing patients to walk more se-
curely and navigate more easily during walking. VRT might improve the patients’ postural control, weight distribution, 
and orientation during walking. This improvement was maintained following training, and additional improvements in 
spatio-temporal gait parameters were observed compared to baseline.
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Introduction

Hemineglect is a complex disabling disorder com-
monly following a  right-sided hemispheric stroke [1]. 
It is commonly caused by large strokes in the territo-
ry of the middle cerebral, particularly those affecting 
the temporo-parieto-occipital area [2]. Patients with 
behavioral abnormalities, paralysis neglect, or primary 
lesion to the visual geniculostriate pathways must be 
excluded from the diagnosis [3]. It can be influenced by 
various pathological processes, including neurodegene-
rative disease, trauma, and neoplasia [4].

Impairment of this condition affects patients’ ability 
to perform daily activities because they are unwilling 
to report, respond, or orient to meaningful stimuli or 
even objects located to their contralateral lesion side 
[5]. Neglect was associated with longer hospitalization, 
poor functional outcomes, dependency for assisted ca-
re, and reduction in psychological well-being compa-
red to stroke survivors without neglect. Therefore, it is 
a prognostic indicator of poorer functional independen-
ce after stroke [6].

Patients undergoing rehabilitation for neglect de-
monstrate related attentional-perceptual deficits that af-
fect their navigation abilities [7,8]. The neglect pheno-
menon impairs heading control, resulting in a deviation 
in the walking trajectory [9]. Patients hardly navigate 
safely, walking with lateral deviation trajectory that de-
viates rightward from the midline, discarding all lines 
on the left side of the paper, copying only half of the 
object, and denying difficulties with perception or con-
trol of movement, are unaware that they are experien-
cing these symptoms. Patients usually have a decreased 
awareness of their deficits [7].

Post-stroke impairments in locomotion are frequ-
ently observed, including reduced speed and increased 
gait inter-limb asymmetry [10]. Patients post-stroke 
usually suffer from weight-bearing asymmetry and 
postural sway. The risk of post-stroke falls increased 
with increasing older age and impaired postural control 
[11,12].

Walking safely requires both executive and cogniti-
ve control to be intact. Gait deficits increase the risk of 
falls and injuries, and reduction in independence. Spe-
ed, cadence, step length, stride length, and base width 
are all main measures of gait variables [13]. Because 
a high proportion of stroke survivors fall while walking 
(40–90%), it is critical to assess the patient’s dynamic 
balance and mobility following the stroke [14]. The 
vestibular rehabilitation therapy (VRT) includes visual 
stabilization exercises (i.e., eye movements training), 
voluntary head movements (i.e., management of the 
vestibulo-ocular reflex VOR), and training balance con-
trol with decreasing of base of support using various 

positions of the head and trunk while performing diffe-
rent upper limbs tasks (i.e., enhancing of vestibulospi-
nal regulation and improving awareness to avoid falls) 
[15,16].

VRT techniques were used as an effective modality 
in managing balance disturbance in patients who had 
suffered a  concussion as a  consequence of traumatic 
brain injury. VRT improves balance (i.e., dynamic and 
static) through utilizing specific exercises targeting the 
patients’ specific problems [17]. VRT has been recom-
mended as a  complementary intervention for balance 
improvement in patients with moderate impairments 
who have Progressive Supranuclear Palsy (PSP) during 
gait rehabilitation [18].

The current study aims to evaluate the effect of VRT 
in hemineglect rehabilitation and determine whether 
the improvement is sustained following training. It is 
hypothesized that patients receiving the VRT program 
will show more significant improvement in spatio-tem-
poral gait parameters than patients receiving only the 
traditional physiotherapy program.

Materials and methods

The study followed a  randomized controlled trial. 
The study was performed between May 2019 and April 
2020 and registered on the clinicaltrials.gov website 
with identification number: NCT03913663. All patients 
were informed about the study’s purpose, nature, and 
potential risks, and all participants signed a  consent 
form indicating their agreement to participate in the 
present research study.

The research related to human use has complied 
with all the relevant national regulations, and institu-
tional policies have followed the Declaration of Helsin-
ki’s tenets. The authors’ institutional review board has 
approved them by the Ethical Committee of faculty of 
medicine, Beni-Suef University, with approval number 
FMBSUREC/05032019/EL-Hamrawy.

Participants: The study recruited 32 patients from 
Tanta University Hospital and Beni-Suef University 
Hospital. All patients were with left post-stroke hemi-
neglect.A  confrontation visual field exam was perfor-
med to exclude any visual field defects. All the patients 
received a  physiotherapy program in the acute stage 
and post-discharge from the hospital. None of the pa-
tients enrolled in this study received a  previous VRT 
program.

Inclusion criteria
Patients were included if they were ≥65 years old, 

had a  stroke within the preceding six months, and 
were able to walk independently. The presence of 
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a first-time right hemispheric stroke that damaged the 
cerebral cortex, particularly the temporoparietal lobe 
(verified by computed tomography or MRI report), 
neurological examination, medical chart, and Star 
Cancellation Test.

Exclusion criteriaPatients who met one of the follo-
wing criteria were excluded from the study: those with 
neurological or orthopedic problems or any severe co-
morbidity that affect gait, those who used walking aids 
or splints, those who were unable to provide informed 
consent for study participation, and those with only one 
functional eye.

Intervention
Each patient received a thorough explanation of the 

study's objectives, as well as a demonstration of equip-
ment and procedures. The experimental group received 
a  60-minute training session consisting of traditional 
physiotherapy for 40 minutes and VRT for 20 minutes 
four days a week for the first four weeks, and then re-
ceived a  60-minute session consisting solely of tradi-
tional physiotherapy for four weeks. For eight weeks, 
the control group followed only the traditional program 
for 60 minutes per day, four days per week.The tradi-
tional gait training program included strengthening 

Fig. 1.  The patients’ flowchart
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exercises, walking over obstacles, up and down slopes, 
and 15:20 minutes of treadmill walking at a  speed of 
1.2–2.6 km/h [19].

Each VRT session included exercises to improve 
eye movements and exercise improving postural con-
trol [15]:
•	 Eye movements: upward and downward, and on 

both sides, focusing on a finger that moves from 3ft 
to 1ft away from face (at first slowly, then quickly).

•	 Head movement: backward and forward bending, 
turning from right to left.

•	 Balancing on a mat and swiveling eyes.
•	 Standing on a sports mat, walking on the spot, and 

rotating the head on both sides.
•	 Alternately shift weight toward one limb while ma-

intaining partial weight bearing on the other, ke-
eping the sight on a fixed target object. Repeated for 
the opposite side.

•	 Standing on foam with closed eyes and rotating the 
head on both sides.

•	 Forward and backward walking with a side-to-side 
head turn.

•	 Sitting on a ball with feet on foam, eyes closed and 
bouncing slightly while turning the head from side 
to side.

•	 Marching in place
All patients in the experimental and control groups 

had their spatio-temporal gait parameters evaluated at 
baseline, four and eight weeks after the intervention. 
Spatio-temporal gait parameters were identified by 
using a markless 3D motion analysis sensor, the Micro-
soft Kinect V2 [20]. Each patient was asked to walk 
toward the Kinect sensor (Microsoft Kinect™ V2) ma-
intaining a comfortable speed without being instructed 
to correct their gait. Patients were asked to wear fitting 
and non-reflective clothes to limit the tracking errors. 
The sensor was positioned on a tripod at a height of 0.8 
m, 60 degrees above the surface, and 4.5 meters from 

the starting line. The Kinect was connected to a laptop, 
and the data were analyzed using custom software [21]. 
The sampling rate of the Kinect was 15 frames/sec du-
ring the measurements. The suggested walking track 
was 1.5 to 4.5 min in front of the sensor as illustrated 
in Fig. 2. Because the minimum operating distance for 
the camera is 0.5 m in front of it, we placed it further 
away than recommended to ensure accurate recording 
of at least one complete gait cycle [22]. Spatiotemporal 
variables, including speed, cadence, paretic step length, 
non-paretic step length and, step width, were calculated 
from the extracted joints’ positions from the Microsoft 
Kinect [23]. The step length was described as the distan-
ce between the two feet in the walking direction. The 
step width was described as the lateral distance between 
the feet, at the time of a foot placement. The speed was 
calculated by dividing the sum of all step lengths by the 
sum of all step times within each recording [24].

Data analysis
The data were statistically processed using IBM 

SPSS Statistics version 25.0 for Windows (IBM Corp., 
Armonk, NY). Training-related effects were assessed by 
two-way analyses of variance (ANOVA) with repeated 
measures, between groups, and for each group pre and 
post-4 weeks and 8 weeks of intervention.A post-hoc test 
with Bonferroni procedure was used in multiple compa-
risons both between and within groups. The effect sizes 
(Cohen’s d) were calculated using the mean differences 
of the changes after 4 and 8 weeks compared with the 
baseline. The level of significance was set at 0.05.

Results

The baseline characteristics of the patients were 
shown in Table 1. After baseline assessment, 16 patients 
were randomly assigned to the experimental group and 

Fig. 2.  The walking track
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16 patients were assigned to the control group as shown 
in (Fig. 1). There were no significant differences at ba-
seline between the experimental and the control groups 
in age, sex, BMI, months post-stroke, causes of the le-
sion, or dynamic gait index (DGI) scores.

Tables 2 and 3 show the changes in spatio-tempo-
ral gait parameters between the experimental and con-
trol groups. The post hoc analysis revealed that there 
were no significant differences between the groups at 
baseline for all spatio-temporal gait parameters. After 
training the experimental group showed that the speed 
increased significantly after 4 and 8 weeks with values 
of P = 0.0001, d = 12.38, and P = 0.001, d = 13.69, 
respectively, compared to the baseline. The cadence in-
creased considerably after 4 and 8 weeks with values of 

P = 0.0003, d = 3.88, and P = 0.0003, d = 5.19, respec-
tively, compared to the baseline. The paretic step length 
increased significantly after 4 and 8 weeks compared 
with the baseline with values of p = 0.0001, d = 2.53, 
and p = 0.001, d = 3.84, respectively. The non-paretic 
step length increased significantly after 4 and 8 weeks 
compared with the baseline p = 0.0119, d = 2.06, and 
p = 0.0044, d = 2.31, respectively. The step width sho-
wed no significant differences in all the treatment pe-
riod. 

There were no significant differences in any of the 
spatio-temporal gait parameters in the control group. 
Cohen’s d was calculated as post-training mean minus 
baseline mean divided by collected SD at baseline and 
post training. 

Variables Experimental group Control group
Age [mean ± SD] 66.5 ± 3.15 68.5 ± 3.8
Sex, n [% Male] 11 [68.75] 10 [62.5]
BMI [kg/m²] 28.7 ± 1.09 28.07 ± 0.95 
Time post-stroke [months] 8.81 ± 1.55 8.67 ± 1.36

Ischemic/hemorrhagic 12/4 11/5

DGI score [mean ± SD] 11.9 ± 1.38 11.6 ± 1.4

Tab. 1.  Baseline characteristics of the patients

BMI: Body Mass Index, N: Number, SD: Standard Deviation

Parameter Baseline 4 weeks 8 weeks
Baseline vs. 4 weeks Baseline vs. 8 weeks

p d p d
Speed [m/sec] 0.39 ± 5.6 0.52 ± 6.9 0.53 ± 7.2 0.0002 12.38 0.001 13.69
Cadence [steps/min] 63.75 ± 4.0 67.63 ± 3.2 68.9 ± 3.9 0.0003 3.88 0.0003 5.19
Paretic step length [cm] 28.81 ± 1.8 31.3 ± 1.3 32.8 ± 1.1 0.0001 2.53 0.001 3.84
Non-paretic step length [cm] 26.06 ± 1.9 28.13 ± 2.2 28.4 ± 2.6 0.0119 2.06 0.0044 2.31
Step width [cm] 22.09 ± 1.8 22.3 ± 1.79 22.5 ± 1.6 0.9777 0.13 0.7887 0.41

Tab. 2.  Changes in spatio-temporal gait parameters in the experimental group (n = 16)

Parameter Baseline 4 weeks 8 weeks
Baseline vs. 4 weeks Baseline vs. 8 weeks

p d p d
Speed [m/sec] 0.38 ± 7.42 0.40 ± 7.8 0.41 ± 7.1 0.9657 0.7 0.7323 1.88
Cadence [steps/min] 64.27 ± 3.0 64.9 ± 2.9 65.1 ± 4.46 0.4295 1.69 0.8750 0.8
Paretic step length [cm] 29.26 ± 1.7 29.8 ± 1.6 30.01 ± 2.0 0.6140 0.63 0.5261 0.72
Non-paretic step length [cm] 26.56 ± 1.8 27.01 ± 2.1 27.37 ± 2.3 0.1538 1.3 0.7144 0.57
Step width [cm] 21.3 ± 1.9 21.2 ± 2.43 21.2 ± 2.07 0.9332 0.3 0.9618 0.19

Tab. 3.  Changes in spatio-temporal gait parameters in the control group (n = 16)
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Discussion

The results of this study indicated that the experi-
mental group improved significantly in spatio – tem-
poral gait parameters, such as speed, cadence, paretic 
and non-paretic step length, but the step width showed 
non-significant changes. It is worth noting that this 
improvement was maintained after training, and there 
was an additional improvement in gait characteristics 
compared to baseline.Patients with hemineglect exhibit 
severe postural instability as a result of both intra-body 
stabilization and spatial orientation problems. It may 
be assumed that these problems are caused by a partial 
loss of visual feedback from the affected side serving to 
control posture and the neglected phenomenon [25].

About 50% of human steps during walking and 
ADLs activities are redirected. Patients post-stroke ha-
ve difficulty in redirecting movement because of defects 
of the motor system that provides information on the 
head movement and different body positions [26]. The 
exercise-based vestibular rehabilitation involved eye-
head coordination exercises, postural control, balance 
training, and gaze stabilization training. The extraocu-
lar efferent motion perception and afferents (proprio-
ception) promote visual stabilization and significantly 
improve postural control [9].

VRT demonstrated a statistically significant impro-
vement in spatio – temporal gait parameters due to an 
increase in body shifting and symmetrical weight-be-
aring with changes in head movement, as described in 
the VRT exercises [27,28]. In the present study, various 
oculomotor exercises were manipulated while varying 
body positions, which may result in an improvement in 
patients’ postural stability and spatial orientation during 
walking [29,30].

Training hemineglect patients with closed or open 
eyes on different positions and surfaces may impro-
ve the patients’ heading control while walking toward 
a target and their sustained attention and alertness over 
longer periods [31,32]. Different eye movements with 
regards to head movements maintain sight focused on 
a target are manipulated by vestibular and visual inputs. 
Thus, training eye movements relative to the target are 
used to orient body position, explore infer in space, 
and control upright posture by improving recognition 
of self-motion with the surrounding environment in the 
visual field [33,34].In terms of training balance in post-
stroke survivors, it has been established that eye mo-
vement exercises resulted in major changes in walking 
speed, cadence, and step length over time, as well as 
significant differences following training [35].

According to a  previous study, VRT may improve 
the vestibulo-ocular reflex function and gait control in 
patients with vestibular disease and stroke hemiparesis 

[36]. It has been reported that eye movement training in 
post-stroke survivors brought about significant changes 
in walking speed, cadence, and step length over time, re-
sulting in significant differences following training [37]. 

A  previous study discovered a  significant impro-
vement in relative walking speed during navigation in 
a controlled environment resembling the real world in 
patients with retinitis pigmentosa (RP), who have seve-
re peripheral visual field loss impairing mobility, as well 
as the maintenance of the improvement after training 
[38]. In our study, the improvement of spatio – tem-
poral gait parameters might be attributed to improving 
the navigation and exploration of the hemiblind space 
in patients during walking.

Conclusions

The vestibular rehabilitation therapy effectively im-
proves the spatio – temporal gait parameters (speed, ca-
dence, paretic and non-paretic step length) in patients 
with post-stroke hemineglect, allowing patients to walk 
more securely and navigate the hemiblind space easily 
during walking. VRT might improve the patients’ po-
stural control, weight distribution, and orientation du-
ring walking. This improvement was maintained after 
training, and an additional improvement of spatio – 
temporal gait parameters were observed compared to 
baseline. VRT is important in the rehabilitation of gait 
in hemineglect.
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