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Objective: The purpose of this study was to investigate the effect of visual block with ankle joint fatigue on gait and dynamic bal-
ance ability.
Design: Cross-sectional study. 
Methods: Thirty healthy young adults (men=15, women=15) between 22 to 25 years of age voluntarily participated in this study. 
All subjects performed the gait and dynamic balance test successively in two conditions: the visual block and the open eyes 
condition. Before the gait and dynamic balance test, muscle fatigue on the ankle joint was induced to all subjects by doing ankle 
dorsiflexion and plantarflexion alternately, and then gait parameters (step length, stride length, cadence, velocity, single limb sup-
port, and double limb support) were assessed by walking on the GAITRite system (CIR Systems Inc., USA). Subjects also per-
formed the functional reach test (FRT) for assessment of dynamic balance. This study examined gait parameters and FRT scores in 
each visual block and open eyes condition. 
Results: The results showed that FRT scores with the visual block condition significantly decreased compared to without visual 
blocking (p<0.01). Step length, stride length, cadence, and velocity of gait parameters decreased significantly in the visual block 
condition (p<0.01) while there was no significant difference for single limb support. However, double limb support increased sig-
nificantly in the visual block system (p<0.01). 
Conclusions: Therefore, blocking of visual information with muscle fatigue of the ankle joint can affect gait and balance ability 
of young adults and increase the risk of falls. 
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Introduction

The visual system is important in maintaining stability 
and planning the route in walking. It does so by adjusting the 
walking speed and the foot position [1]. In addition, vision 
plays an important role in maintaining balance and posture. 
In visual blocking, posture is adjusted or balanced through 
sensory information such as vestibular, proprioceptive, and 
tactile senses [2]. The visual stabilization of postural fluctu-
ations provides a basis for effectively detecting vibrations in 
a static environment, and visual information is potentially 

effective in reducing postural fluctuations [3]. Therefore, 
elderly people with weak eyesight report that the incidence 
of falls is about three times higher than elderly people with 
normal eyesight [4].

One of the essential factors in postural control is the abil-
ity to generate enough muscle strength to maintain stability 
during exercise [5]. The calf muscles play a major role in the 
postural control because the perpendicular line in the center 
of the mass falls anteriorly to the ankle joint axis in standing 
[6]. The instability of the ankle joints increases the postural 
fluctuation when the stabilizing muscles of the ankle joints 
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Table 1. General characteristics of the participants (N=30)

Characteristic Female (n=15) Male (n=15) Total 

Age (yr) 22.1 (2.3) 23.6 (3.1) 22.8 (2.3)
Height (cm) 160.2 (4.8) 170.3 (4.2) 164.7 (7.0)
Weight (kg) 50.5 (3.4) 63.9 (9.3) 56.7 (9.0)

Values are presented as mean (SD).

are unable to produce sufficient force [5]. Additionally, fa-
tigue in ankle joint muscles affect joint proprioception and 
increase the threshold of the muscle spindles, which alters 
postural control ability and joint position [7]. Therefore, fa-
tigue in postural muscles, such as gastrocnemius and soleus, 
increases difficulty in sustaining balance and results in re-
duced postural control [8]. The disability to balance can 
cause a decrease in ability to walk, and increase the risk in 
falls for elderly people [9]. 

Gait is the most basic movement of human beings where 
the body moves from one point to another [10]. The process 
of gait is the nervous system and the musculoskeletal system 
used together continuously and repetitively [11]. As a result, 
gait is highly correlated with balance ability [12]. In addi-
tion, walking ability plays an important independent varia-
ble for predicting falls [13], and impaired walking ability is 
an important factor in causing falls [14]. Symptoms of mus-
cle fatigue are similar to the general symptoms of insuffi-
cient strength or to many muscle failure diseases, which is 
directly related to decrease postural control and balance of 
patients and the elderly [15]. Muscle fatigue with visual 
block has been reported to produce posture instability [16]. 
In previous studies the balance ability was decreased as the 
age increased, leading to increased risk factors for falling, 
accompanied by changes in posture and concentration [17].

The effects of ankle or lower muscle fatigue and the ef-
fects of visual deficiency on balance have been studied 
extensively. However, it remains unclear whether visual 
block with ankle fatigue affects postural control and gait. 
The purpose of this study was to determine whether ankle 
muscle fatigue and visual deficiency are risk factors for falls 
by comparing gait parameters and dynamic balance with or 
without visual information after inducing muscle fatigue in 
the ankle joint.

Methods
Participants

The subjects of this study were 30 young men (15 males, 
15 females) attending Baekseok University in Cheonan city, 
Chungcheongnam-do. The exclusion criteria for subjects of 
the study were those with musculoskeletal or nervous sys-
tem lesions, ankle or foot weakness or pain, abnormal cogni-
tive function, and balance or visual impairment. This study 
was approved by the Institutional Review Board of the 
Baekseok University (IRB No. BUIRB-201610-HR-020). 
Subjects voluntarily participate for the study and provided 

their informed consent after being provided with sufficient 
details of the study. The general characteristics of partic-
ipants in this study are shown in Table 1. The mean age of all 
participants was 22.8 years, mean height was 164.7 cm, and 
the mean weight was 56.7 kg.

Experimental procedures

All subjects performed fatigue-inducing tasks to create 
ankle fatigue. The induction of fatigue in the subject was 
confirmed with the rating of perceived exertion (RPE), in 
which the fatigue-inducing tasks were stopped when sub-
jects reported 17 or more on the RPE to prevent the injury of 
the calf muscle [18]. After the patient rested while sitting on 
a chair for 1 minute, their eyes were covered by an eye band-
age (at first, to prevent the learning effect) and then gait was 
measured three times. After resting for 5 minutes, the func-
tional reach test (FRT), a dynamic balance test, was repeated 
3 times. Thereafter, in a non-blocked state, gait was meas-
ured 3 times, and after 5 minutes of rest, the FRT was re-
peated 3 times.

Ankle fatigue 
In this study, the fatigue induction of the ankle joint mus-

cles was performed according to the modified method of 
Boyas et al. [19] to prevent injury of the calf muscle. The fa-
tigue induction was commenced in a standing position while 
leaning against the wall. At first, subjects were instructed to 
dorsiflex the ankle and then resume back to the starting posi-
tion, then to lift the heel and then to return back to the starting 
position. This was considered as one cycle of ankle joint 
movement [19]. The speed of one cycle was performed at 
4/4, 40 beat/min using a metronome. The maximum exercise 
criteria were: when the range of motion was less than 50% or 
when the metronome-based speed was too difficult or could 
no longer be performed. The subjects were encouraged to 
perform at least greater than 100 cycles of ankle joint ex-
ercises (Figure 1). 
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Figure 1. The fatigue duction of ankle 
joint muscle. (A) Start position. (B) 
Ankle dorsiflexion. (C) Ankle plantar-
flexion.

Outcome measurement

Gait 
GAITRite system (CIR Systems Inc., Peakskill, NY, USA) 

was used to measure the gait variables. The system allowed 
the spatio-temporal gait parameters of subjects by having 
the subject walk on an electronic walkway that is 8.3 meters 
in length and 0.89 meters in width, and contains pressure- 
sensitive 13,824 sensors every 1.27 cm connected to a per-
sonal computer. When the subject walked on the walkway, 
the sensors detected their footprints. The subject's gait in-
formation was collected with a sampling rate of 80 Hz per 
second. The area of the object was determined by the num-
ber of activated sensors, the distance between the sensors, 
and the operating/non-operating time and was transmitted to 
the PC via the connected cable. Information on collected 
temporal and spatial variables was processed with the 
GAITRite GOLD software ver. 3.2b (CIR Systems Inc.) 
[20]. The participants were measured the distance from the 
anterior superior iliac spine to the medial epicondyle of the 
ankle for inputting the subject’s information in the 
GAITRite system (CIR Systems Inc.) before gait. Mean val-
ues on gait parameters were obtained from gait repeated 
three times. Gait speed of gait variables was obtained from 
the subject’s normal walking speed in distance of 10 meters, 
which was repeated three times for gait analysis. Gait varia-
bles used in this study included velocity, stride length, step 
length, cadence, single support, and double support time. 

Rating of perceived exertion scale
In the present study, the Borg scale, originally used as the 

fatigue criterion, was used to evaluate the degree of a head-

ache, muscle pain, and chest pain. The Borg scale can easily 
measure fatigue without physiological measurements. 
Although this is a subjective measure, a person's exertion 
rating may provide a fairly good estimate of the level of ob-
jective physiological factors during physical activity. The 
scale used was as follows: 7 (very, very light), 9 (very light), 
11 (moderate), 13 (moderately severe), and 15 (moderate), 
15 (hard), 17 (very hard), and 19 (no more) [21]. 

Functional reach test 
The FRT was designed by Duncan et al. [22] as a quick 

screen for balance problems in older adults. It is a quick and 
simple, single-task dynamic postural balance test. The reli-
ability of FRT is very high with a intra-rater reliability of r= 
0.92 and inter-rater reliability of r=0.98. The FRT was con-
ducted by instructing the standing subjects to move closer to 
the wall (without touching it) with 90° of shoulder flexion 
and the fist closed. The location of the 3rd metacarpal head 
in the starting and end positions was noted. The difference 
between them was recorded as the reach difference. The test 
was repeated 3 times. 

Statistical analysis

IBM SPSS Statistics ver. 18.0 (IBM Co., Armonk, NY, 
USA) was used. Paired t-test was used to compare the mean 
of the gait parameters with or without visual information, 
and to compare the mean of the dynamic postural balance 
variables. Statistical significance was set at α=0.05.
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Table 2. Comparison between visual block and open eyes condition on gait parameters        (N=30)

Characteristic Visual block Open eye t (p)

Step length (cm) 50.96 (6.12) 62.30 (6.20) −7.49 (<0.01)
Stride length (cm) 102.47 (12.57) 125.81 (10.81) −8.59 (<0.01)
Cadence (step/min) 96.81 (14.22) 110.71 (9.54) −4.65 (<0.01)
Velocity (cm/s) 83.69 (19.27) 115.31 (17.33) −6.63 (<0.01)
Single limb support (%) 36.96 (2.70) 38.20 (2.80) −1.94 (>0.05)
Double limb support (%) 26.78 (5.20) 22.05 (3.38) 4.51 (<0.01)

Values are presented as mean (SD).

Table 3. Comparison of functional reach test by visual block 
after ankle fatigue induction (N=30)

Characteristic Visual block Open eye t (p)

Distance (cm) 32.78 (6.21) 37.01 (6.42) −6.26 (<0.01)

Values are presented as mean (SD).

Results 
Comparison of gait according to visual block after ankle 
fatigue

The visual block condition produced significantly re-
duced step length of 11.34 cm, the stride length of 23.34 cm, 
cadence of 13.9 step/min, and the velocity of 31.62 cm/s re-
spectively compared to the open eyes condition (p<0.01), 
and showed significantly increased double limb support of 
4.73% (p<0.01). There was no statistically significant dif-
ference between the visual block and the open eyes con-
dition in single limb support, although the difference was de-
creased by 1.24% (p>0.05; Table 2). 

Comparison of dynamic balance ability with use of visual 
block after ankle fatigue 

In the FRT, the dynamic balance test showed a significant 
decrease (4.24 cm) in the visual block condition compared to 
the open eyes condition (p<0.01; Table 3). 

Discussion

The purpose of this study was to investigate the effect of 
visual block on gait and balance after inducing ankle fatigue 
in 30 young men and women. As a result of the study, it was 
found that gait parameters decreased significantly in step 
length, stride length, cadence, and gait velocity except for 
single limb support, and there was an increase in double limb 
support. The FRT showed a significant decrease with the 
visual block condition. 

Parijat and Lockhart [23] reported that the effects of quad-
riceps fatigue on gait increased the velocity of heel contact 
after the fatigue induction, and decreased acceleration of the 
body mass center in healthy adults. In addition, the range of 
foot dorsiflexion decreased when walking after fatigue in-
duction, which is similar to the effect of fatigue of the ankle 

joint on gait parameters in this study. The muscle fatigue 
showed a decrease in gait speed due to a reduction in 
push-off force during the stance phase of the gait cycle in 
young adults. These reduced gait speeds may indicate a 
compensatory movement for enhancing stability during 
walking against falling [23]. 

In a study on the effects of visual and auditory cognitive 
tasks on gait, gait in the visual deficit by cognitive tasks 
showed significant reduction of gait velocity, cadence, and 
step length compared with general gait. However, step time, 
swing phase, stance phase, single limb support period (%), 
and double limb support period (%) increased [24]. In the re-
sults of this study, we can see the decrease of all parameter 
except for single limb support and an increased double limb 
support when we block the visual information. This suggests 
that decrease in gait velocity is related to decrease of the step 
length and cadence [25]. In particular, Gage et al. [26] re-
ported that the single limb support was the time that attention 
was required when walking. This suggests that attention 
concentration is increased to compensate for visual block 
and sensory depression during walking. In addition, the 
Cherng et al. [27] reported that double limb support was var-
iable in providing control of balance during gait with motor 
and cognitive tasks in 48 children 4 to 6 years old. The in-
creased double support in this study can be thought to be in-
creased ability for the balance control during the gait with 
visual block. 

In other studies with elderly subjects, decreased postural 
control by fatigue and visual-block contributed to falling in-
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cidences because the visual system plays a major role in bal-
ance control compared to proprioception or the vestibular 
system [28]. 

However, in another study, it has been reported that bal-
ance control ability is highly dependent on proprioception, 
however, if proprioception is compensated, the visual sys-
tem plays a major role [29]. 

Additionally, visual block decreases postural control 
when participants stand on one leg with a visual block and 
after fatigue is induced of the ankle muscles [30]. Similar to 
the previous studies, our results showed balance ability 
through the FRT was reduced with a visual block, suggest-
ing that visual information is used to compensate for postur-
al control due to muscle fatigue.

The result of this study is predictable; nevertheless we 
hope to emphasize that weak muscle function with de-
creased vision in healthy adults, which is similar to the phys-
ical condition of elderly people, can be important risk factors 
for falls. Thus, we suggest that lower limb muscle strength 
and balance ability related to vision should be taken into 
consideration with increase age within the clinic. 

The limitation of this study is that it is difficult to general-
ize the findings to all adults due to limitation of age, sample 
size, and the inclusion of healthy adults. Therefore, in future 
studies, it is necessary to study the change of gait in elderly 
people or patients with weak visual input and elderly people 
or patients with a history of falls. In addition, attention is in-
creased to compensate for visual impairment. Therefore, it is 
necessary to study not only the effects of the visual block but 
also the disturbance of concentration.

The purpose of this study was to investigate the effect of 
visual block with ankle fatigue on gait and dynamic balance 
ability. In the visual block condition, the step length, stride 
length and cadence of gait parameters decreased, but double 
support time increased. Dynamic balancing ability also de-
creased in the visual block condition. 
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