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Objective: The purpose of this study was to investigate the impact of wearing various types of shoes on gait ability in stroke sur-
vivors and in order to gain information in regards to shoes that could possibly replace ankle orthosis.
Design: Cross-sectional study.
Methods: Eight hemiplegic survivors diagnosed with stroke participated in the study. Gait was analyzed using the GAITRite 
Electronic Walkway (CIR System Inc., USA) when subjects walked with no showed, walked with non-ankle-covered shoes, and 
walked with ankle-covered shoes. This study collected gait variables, including velocity, cadence, step length, stride length, single 
support time, and double support time, respectively.
Results: In the comparison of walking with no shoes, non-ankle-covered shoes, and ankle-covered shoes, there were significant 
differences in gait velocity, step length, stride length, and the less affected side single support time (p<0.05). However, there were 
no significant differences in cadence, affected side single support time, and double support time.
Conclusions: Ankle-covered shoes had a positive impact on the gait of stroke survivors. However, it is necessary to conduct 
more studies comparing various types of shoes with ankle orthoses.
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Introduction

Stroke is the third leading cause of adult death and one of 

the major disabilities in the world [1]. According to the 

National Statistical Office, the number of stroke survivors is 

102,529 in total, with 56,339 men and 46,190 women [2]. 

Hemiplegia due to stroke leads to asymmetric weight load 

[3], and particularly in standing position, the survivors suf-

fer from an imbalance due to supporting 60% to 90% of their 

weight by leaning onto the less affected side. In addition, in 

the condition of standing still, the distribution of foot pres-

sure shows significant forward and outward tendencies. To 

compensate for this, the ankle strategy is used to maintain 

balance so that the ground reaction force mainly acts on the 

foot that is not paralyzed [4]. Consequently, this imbalance 

has a negative impact on gait ability, and addressing this 

problem is a very important goal in rehabilitation [5]. To 

solve problems related to the stroke survivors’ balance and 

gait, various methods of intervention, including ankle ortho-

ses, functional electrical stimulation or a control type gait 

auxiliary devices are used. 

An orthosis can control foot drop in the swing phase by 

providing increased resistance against ankle plantar flexion, 

and it was reported that limiting ankle plantar flexion can 
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have a positive impact on gait velocity and effectiveness [6]. 

In addition, it was also reported that using an orthosis im-

proved balance in gait [7]. However, since orthoses limit the 

movement of the joint, it may prevent normal function of the 

ankles [8]. Since it is relatively large and is applied by di-

rectly coming in contact with the lower limbs, it is incon-

venient to wear and not cosmetically pleasing. Also, the pro-

duction process is complex rendering it to be expensive. In 

addition, since the survivors are required to wear shoes with 

use of ankle orthoses, it is cumbersome to purchase shoes 

that are larger than the actual foot size of the stroke survivor. 

[8].

It is also necessary to conduct studies of the shoes that 

could supplement and replace these problems related to an-

kle orthoses. Currently, most studies have been conducted 

on healthy adults, and studies focused on shoes that may 

serve to replace ankle orthoses in stroke survivors with hem-

iplegia are insufficient. Several other studies have reported 

that raising the shoe height on the healthy side with shoe lifts 

and wedges increased symmetrical weight bearing on the af-

fected side [9,10], but it has the inconvenience of having to 

wear a larger size shoe simliar to an ankle orthosis. The 

Masai Barefoot Technology (MBT) shoe is a functional shoe 

that provides stability to the ankle joint and has a curved sur-

face at the bottom of the shoe, which is excellent for upright 

walking and shock absorption [11]. The minimalist shoes 

are lightweight shoes with thin soles, which increase the ac-

tivation of muscular function on the plantar side [12], and 

there is an increase in walking ability [13]. Since the MBT 

shoes have a curved surface structure and the minimalist 

shoes cannot wrap aroudn the ankle joints both shoe types 

have difficulty in increasing ankle stability for stroke survi-

vors with hemiplegia. The ankle-covered shoes are similar 

to ordinary shoes, but they have a structure that covers the 

upper part of the ankle joint and the stability of the ankle, 

which has a similar advantage as the MBT shoes but the 

floor is not curved. Subsequently, it can provide more stabil-

ity to patients, and has other advantages in which they are 

easy to wear and are inexpensive. Therefore, patients with 

chronic hemiplegic stroke who present with slight instability 

of the ankle joint may be offered these shoes as an alternative 

to wearing orthoses. 

The purpose of this study was to investigate the effects of 

walking with no shoes, non-ankle-covered shoes, and an-

kle-covered shoes in order to replace the ankle orthoses in 

persons with hemiplegic chronic stroke.

Methods
Participants

This study was conducted with hemiplegic stroke survi-

vors. The subjects were recruited through the bulletin board 

at Gupo Bumin Hospital in Busan and were selected accord-

ing to the following selection criteria: 1) persons who had re-

ceived a diagnosis of stroke at least 6 months ago; 2) those 

who had a score higher than 21 on the Mini-Mental Status 

Examination-Korea; 3) those who could independently 

walk more than 10 meters, regardless of the use of an assis-

tive device; 4) those who did not have any orthopedic dis-

eases on the lower limbs; and 5) those who did not have any 

problems in visual and auditory functions. Finally, eight 

hemiplegic stroke survivors were selected, and the basic 

characteristics of the subjects are as follows: There were six 

men and two women with an average age of 65.38±8.32 

years, average height of 168.38±5.88 cm, average weight of 

68.63±10.2 kg, and average shoe size of 253.75±10.94 cm. 

The affected side was the right in six persons and the left in 

two persons. The participants were thoroughly informed 

about the purpose and procedures of the study before volun-

tarily signing the consent form. This study was conducted 

after receiving approval from the Kyungnam University 

Ethics Committee (Approval No. 1040460-A-2017-036). 

Procedures

The main experiment was conducted after collecting data 

on the research subjects’ sex, age, height, weight, paralyzed 

part, and shoe size. The subjects underwent the three various 

gait conditions, including the no shoes condition, the non- 

ankle-covered shoes condition, and the ankle-covered shoes 

condition (Figure 1). The conditions were randomly chosen 

by the research assistant. For gait analysis of each condition, 

the GAITRite Electronic Walkway (CIR System Inc., 

Natick, MA, USA) was used. Of the gait-related data col-

lected through GAITRite Electronic Walkway, the spa-

tio-temporal variables (gait velocity, cadence, step length, 

single support time, and double support time, etc.) were ana-

lyzed and then compared [14]. In each condition, gait was 

repeatedly measured three times. Between each measure-

ment, a 3-minute break was provided, and between each 

condition, a 5-minute break was provided, considering the 

time for putting on shoes. For subject safety, two research as-

sistants were in close proximity to and carefully observed 

the subjects during the progress of the experiment.
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Figure 1. The different types of shoes. 
(A) Non-ankle-covered shoes. (B) Ank-
le-covered shoes.

Table 1. Comparison of spatiotemporal gait parameters among three conditions                                                                     (N=8)

Variable No shoes Non-ankle-covered shoes Ankle-covered shoes p-value

Velocity (m/s) 59.69 (21.64) 66.70 (19.58) 68.95 (21.97) 0.01
Cadence (step/min) 89.75 (13.56) 96.11 (12.19) 93.91 (13.11) 0.09
Step length (cm)

Affected 38.74 (11.2) 41.13 (10.29) 43.28 (11.78) 0.01
Less affected 40.16 (10.5) 42.25 (11.34) 44.39 (11.45) 0.00

Stride length (cm)
Affected 79.22 (21.29) 83.40 (21.24) 87.54 (22.01) 0.00
Less affected 79.34 (21.46) 83.65 (20.9) 88.53 (22.39) 0.00

Single support time (s)
Affected 0.39 (0.06) 0.36 (0.03) 0.39 (0.04) 0.14
Less affected 0.43 (0.05) 0.40 (0.05) 0.43 (0.05) 0.02

Double support time (s)
Affected 0.53 (0.24) 0.49 (0.14) 0.46 (0.15) 0.20
Less affected 0.52 (0.23) 0.49 (0.13) 0.47 (0.15) 0.42

Values are presented as mean (SD).

GAITRite

The GAITRite Electronic Walkway is a gait analysis sys-

tem that has an effective measurement area with a width of 

61 cm and a length of 366 cm, in which sensors are arranged 

in the form of a grid (48 cm×288 cm), located at an interval 

of 1.27 cm. Subjects walk on a gait mat that is spread out on 

a flat floor. A sensor responds to the foot pressure, and the in-

formation is saved on a computer through a serial interface 

cable to collect the information about the spatio-temporal 

gait variables [15]. All subjects performed each condition at 

a comfortable gait velocity for more than 6 meters, including 

the 4 meters-long gait mat.

Data analysis

For a statistical analysis of all data, SPSS ver. 12.0 (SPSS 

Inc., Chicago, IL, USA) was used. To examine the demo-

graphic characteristics of the subjects of this study, a de-

scriptive statistical analysis was conducted. The collected 

data on participants’ GAITRite spatiotemporal variables 

were compared and analyzed according to each condition 

using the Friedman analysis of variance test. In addition, the 

Wilcoxon signed-rank test was used for post-hoc analysis. 

Statistical significance level was specified at α=0.05.
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Results

The results of this study are shown in Table 1. In the com-

parison of the subjects’ walking with no shoes, non-ankle- 

covered shoes, ankle-covered shoes, there were significant 

differences in gait velocity (p<0.05), the affected side step 

length (p<0.05), the less affected side step length (p<0.05), 

the affected side stride length (p<0.05), the less affected side 

stride length (p<0.05), and in the less affected side single 

support time (p<0.05). However, there were no significant 

differences in cadence, affected side single support time, af-

fected side double support time and the less affected side 

double support time. In the post-hoc analysis there were sig-

nificant differences in the two types of shoes compared with 

no shoes (p<0.05), except for the less affected single support 

time. 

Discussion

This study compared differences in spatio-temporal gait 

variables according to three conditions, including the con-

dition of no shoes, the non-ankle-covered shoes, and the an-

kle-covered shoes in hemiplegic stroke survivors. As a re-

sult, in the comparison of no shoes and ankle-covered shoes, 

the velocity of ankle-covered shoes condition increased by 

9.26 m/s. In the comparison of the no shoes and non-an-

kle-covered shoes condition, the velocity of the non-an-

kle-covered shoes increased by 7.01 m/s. In the comparison 

of the no shoes and ankle-covered shoes condition, the af-

fected side step length and less affected side step length of 

the ankle-covered shoes condition increased by 4.54 and 

4.23 cm. In the comparison of no shoes and non-ankle-cov-

ered shoes, the affected side step length and less affected 

side step length of non-ankle-covered shoes increased by 

2.39 and 2.09 cm respectively, and there was a statistically 

significant difference. Additionally, in the comparison of the 

no shoes and ankle-covered shoes condition, the affected 

side stride length and the less affected side stride length of 

ankle-covered shoes condition increased by 8.32 and 9.19 

cm In the comparison of no shoes and non-ankle-covered 

shoes condition, the affected side stride length and less af-

fected side stride length of the non-ankle-covered shoes in-

creased by 4.18 and 4.31 cm respectively, and there was sig-

nificant difference. In the less affected side single support 

time, there was no statistically significant difference be-

tween ankle-covered shoes and no shoes walking condi-

tions. Howver, walking with non-ankle covered shoes de-

creased by 0.03 seconds compared to the no shoes walking 

condition, and there was statistically significant difference. 

In the comparison of the subjects’ walking with no shoes, 

non-ankle-covered shoes, and ankle-covered shoes con-

dition, there were no significant differences in cadence, af-

fected side single support time, and double support time. 

There was a significant difference of the two types of shoes 

compared with the no shoes condition except for the less af-

fected single support time in post-hoc analysis. Comparing 

the ankle-covered shoes with the non-ankle-covered shoes 

condition, there were no significant differences in all con-

ditions except for the less affected side single support time. 

However, in the ankle-covered shoes condition, compared 

to walking with no shoes and non-ankle-covered shoes, gait 

ability was better than the no shoes and the non-ankle-cov-

ered shoes condition except for the single support time. It 

can be judged through these results that the ankle-covered 

shoes provided a relative amount of stability and had a pos-

itive impact on gait ability.

Gait is a complex process in which the nervous and mus-

culoskeletal systems of the human body are used in compli-

cated ways [14]. Stroke survivors show abnormal gait pat-

terns due to asymmetrical postures due to hemiplegia [15], 

and in particular, the stance phase of the affected side be-

comes shorter in the gait cycle while the swing phase be-

comes longer [16]. Similarly, in this study, when the subjects 

did not put on shoes, the affected side single support time 

was 0.39 seconds, which was shorter than the less affected 

side single support time, and the stance phase on the affected 

side was short while swing phase was long. However, with 

the application of non-ankle-covered and ankle-covered 

shoes, there was a statistically significant difference be-

tween the stance phase and swing phase, and also in the an-

kle-covered shoes condition, the subjects had larger step 

length and stride length values, had the same stance phase 

and swing phase duration compared to walking with no 

shoes, which meant that the ankle-covered shoes provided 

greater stability compared to wearing no shoes. In addition, 

when subjects walked with the non-ankle-covered shoes, 

they exhibited a shorter stance phase, step length and stride 

length on the affected side when they walked in the an-

kle-covered shoes, which showed that the ankle-covered 

shoes were more stable than non-ankle-covered shoes and 

was more effective for gait.

Putting on an ankle orthosis has a positive impact on the 

gait variables of hemiplegic stroke survivors and brings 

about significant changes in the variables, including gait ve-
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locity, gait asymmetric index, and functional balance control 

[17], as well as improvements in overall gait velocity, effec-

tiveness and gait pattern [18]. In addition, it was reported 

that the use of an ankle orthoses in stroke survivors in-

creased the stability of the ankle joint in the stance phase, 

which would lead to the increase in gait velocity [19]. In ad-

dition, Rao et al. [17] noted that putting on an ankle orthosis 

greatly improved gait velocity, step length, stride length and 

double support time. 

The results of this study were consistent with those of the 

previous studies in which the ankle-covered shoes showed 

the highest results in both gait velocity, step length, stride 

length and double support time than walking with no shoes 

and non-ankle-covered shoes. It is judged that the ankle- 

covered shoes provided ankle stability by in a similar man-

ner to an ankle orthosis. However, since ankle orthoses may 

cause skin problems, produce discomfort with having to put 

on shoes again after putting on an orthosis, and limit the 

movement of the joint, orthoses have limitations in produc-

ing less than normal ankle function and the burden cost [20]. 

Ankle-covered shoes can reduce ankle joint instability sim-

ilar to the effects of an ankle orthosis, have an effect on gait 

improvement, and are reasonably priced, and are more com-

fortable to wear. Not all patients are able to wear ankle bra-

ces after a stroke. Depending on the degree of improvement 

of various symptoms such as ankle stiffness, strength, and 

paralysis, ankle assistance should be applied appropriately. 

If patients present with severe after effects post stroke, they 

may need to purchase an orthosis immediately. In case of 

weakness, stiffness, and paralysis, it is difficult to purchase 

an ankle orthosis every time depending on improvement of 

symptoms. Therefore, the experiment in this study evaluated 

the gait of persons with hemiplegic stroke with the shoes on-

ly and no orthoses. Although there were significant differ-

ence in the shoe conditions compared to the no shoes con-

ditions, the non-ankle-covered shoes condition showed no 

significant difference in all variables except for the less af-

fected side single support time. Therefore, it cannot clearly 

demonstrate the difference between the types of shoes. 

Eckhardt et al. [21] reported that a comparison of normal 

shoes with the Orthopedic shoe that covers the ankle showed 

a 22% reduction in the Timed Up and Go test (dynamic bal-

ance), an increase in gait velociy of 37%, and an increase in 

cadence of 17%. In this study, the walking speed of subjects 

wearing the ankle-covered shoes was the greatest. These re-

sults could provide a basic guideline for shoes worn in ev-

eryday life after the initial stroke incident. However, these 

shoes also come with some limitations; they cannot improve 

foot drop, inversion or eversion. However, they can reduce 

ankle joint instability and sway. Therefore, ankle-covered 

shoes may be a better choice for subacute or chronic hemi-

plegic stroke survivors with ankle instability without foot 

drop than non-ankle-covered shoes and can be used as an al-

ternative to an ankle orthosis.

This study has a few limitations. First, since there were a 

few number of subjects, it would be difficult to generalize 

the results of this study. Second, no direct comparison was 

made with an ankle orthosis. Therefore, it is not possible to 

assert only with the results of this study that putting on an-

kle-covered shoes would be more effective for gait improve-

ment than not putting on shoes or putting on non-ankle-cov-

ered shoes and that it would bring about a similar effects as 

an ankle orthosis. Therefore, it is necessary to conduct fur-

ther follow-up studies to investigate this matter.
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