
 

 

  
Abstract—Independent walking for elderly people with visual 

impairment is one of the important things in their daily lives. 
Accordingly, the objective of this study is to understand the gait 
characteristic of elderly people with visual impairment using plantar 
pressure distribution analysis. Ten male subjects who are visually 
impaired were recruited from the Korea Blind Union. Experimental 
procedure was divided into two conditions: walking without the white 
cane and with the white cane. The plantar pressure distributions were 
assessed during walking at a comfortable speed along a 10 m walkway. 
All plantar pressure distributions were subdivided into six regions of 
masks and five phases, and these data were analyzed for the force and 
pressure. The results showed that the maximum force and mean 
pressure of the right side increased while the peak pressure of that side 
decreased significantly. In addition, there was association with the foot 
regions and stance phase during walking both without and with the 
white cane. This paper suggest that gait and postural balance pattern of 
elderly people with visual impairment could be influenced by walking 
assistive device. Therefore, more researches are needed based on the 
gait characteristic to develop new types walking assistive device and 
provide appropriate rehabilitation strategies for people with visual 
impairment. 
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I. INTRODUCTION 
ISION plays an important role in maintaining one’s 
balance during locomotion due to it provide significant 

information on the current location, direction, and environment. 
Especially, vision loss or visual impairment, which is defined as 
a decreased ability to see, can negatively influence on quality of 
human life with regard to physical activity such as driving, 
socializing, and walking [1]. Individuals with no usable vision 
or visual impairment have a difficulty when walking because of 
limited information on the spatial data. The visually impaired 
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people experience inconvenience when walking. 
Independent ambulation plays an important role in the 

self-concept formation and confidence for individuals with 
visual impairment. The white cane is the most typical walking 
assistive device that is employed by individuals who are visually 
impaired for physical stability and safety during individual 
walking [2]. It is a simple device which is used to extend tactile 
sensation primitively of user for delivering information by 
contacting directly the obstacles in the front side. However, the 
white cane is hard to detect objects which are located in a low 
position on the ground during walking. 

Today, high tech devices which are equipped with various 
sensors are being developed through dramatic development of 
IT technology. Basically, many sensors, including laser, 
infrared ray, and ultrasound sensor, were implanted in the 
traditional white cane for scanning the surrounding environment 
[3]. Mobility feedback systems were developed to guide safely 
the user by providing sound or vibration signal [4]. Although, 
recently, various walking assistive devices with improved 
functionality have been developed to remedy disadvantage of 
the white cane, most of these devices are not considered the 
characteristics of gait and balance in individuals with visual 
impairment. In order to improve the walking assistive device 
with sensors, it is necessary to consider the effectiveness of 
developed devices for user [5]. 

According to the World Health Organization (WHO), there 
are an estimated 285 million people (blind: 39 million, low 
vision: 246 million) who are visually impaired. Of these 
individuals with visually impaired, 84% will be aged 50 years or 
more [6]. With the increase in age of people, a decrease in 
postural balance has been occurred. Complex problems such as 
decreased physical performance, mobility, cognitive ability, 
sensibility, and psychological change can affect negatively on 
gait of elderly people with visual impairment. Balance and 
mobility assessment is very important factor to provide the 
quality of rehabilitation process for elderly people with visual 
impairment [7]. Therefore, it is essential to assess the change in 
biomechanical gait characteristic between before and after using 
a device for development walking assistive device to improve 
gait ability of elderly people with visual impairment [8]. 

Commonly, pressure sensors, which has high sensitivity and 
linear characteristics, are utilized to provide the information 
about postural balance and gait patterns by converting electric 
signal into physical output in various clinical and research 
fields, involving gait analysis and biomechanics in sports and 
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rehabilitation medicine [9], [10]. Especially, in-shoe plantar 
pressure measurement is suitable to characterize dynamic gait 
and balance pattern [11].  However, until now, plantar pressure 
distribution data have been rarely used to analyze the gait 
characteristic of elderly people with visual impairment. 

The purpose of this study was to understand the walking 
strategy of elderly people with visual impairment by comparing 
the differences in the plantar pressure parameters between 
walking without and with the white cane. 

II. METHODS 

A. Subjects 
10 male subjects with visual impairment (mean age: 

62.6±12.1 years, mean height: 168.6±4.2 cm, and mean weight: 
66.7±7.1 kg) participated in this study. All subjects were 
recruited from the Korea Blind Union in Jeonju, Republic of 
Korea. None of subjects had foot deformities, gait abnormality, 
or history of injury in the musculoskeletal system of the lower 
extremities. Before the experiment, all participants were 
provided written informed consent and informed about the 
purpose and clinical procedure of this study. 

B. Measurement Instrument 
The plantar pressure distribution measurement was 

conducted with the Pedar-X system (Novel GmbH, Munich, 
Germany), as shown in Fig. 1. Each insole contains 99 
capacitive sensors with a thickness of 1.9 mm and a range of 15 
– 600 kPa. These sensors are calibrated individually with the aid 
of the trublu calibration device (Novel GmbH, Munich, 
Germany). All data were transmitted to the Pedar-X software 
via Bluetooth wireless telemetry system in a wide range, at a 
sampling rate of 100 Hz. 

C. Experimental Procedure 
To assess the gait characteristics of elderly people with visual 

impairment, experimental procedure was divided into two 
conditions: walking without the white cane and with the white 
cane, as shown in Fig. 2. The Pedar-X system was attached to 
the waist of subjects using belt. The left and right cable was 
placed on each hand side for connecting the insoles. And then, 
both insoles was placed within the subject’s shoes. To maintain 
the insole cable in place, the Velcro straps was used around the 
subject’s limbs. And then, all subjects were instructed to walk at 
a comfortable speed along a 10 m walkway. Especially, both 
walking without and with the white cane conditions, the 
assistant also walked together behind the subject for safety. 
Before the experiment, subjects walked for 5 minutes for warm 
up and relaxation of the body. To prevent fatigue, subjects took 
a 5 minute rest in between experiments. 

D. Data Analysis 
Gait cycle is generally classified by the stance phase (60%) 

and swing phase (40%). In this study, the plantar pressure 
distribution of the left and right side during stand phase were 
analyzed by using Novel Pedar-X system software (Novel 
GmbH, Munich, Germany). As shown in Fig. 3, the foot surface 

 
Fig. 1. Pedar-X system 

 

 
Fig. 2. Experimental procedure 

(a) walking without the white cane condition, (b) walking with 
the white cane condition 

 
was divided into six regions: whole foot (foot length 0 – 100 %), 
forefoot (foot length 60 – 100 %), midfoot (foot length 30 – 60 
%), rearfoot (foot length 0 – 30 %), medial foot (foot width 0 – 
50 %), and lateral foot region (foot width 50 – 100 %). The six 
regions were calculated for maximum force, peak pressure, and 
mean pressure. The plantar pressure distribution during stance 
phase of force and pressure data were divided into five stage: 
initial contact (0-2 %), loading response (0-10 %), mid-stance 
(10-30 %), terminal stance (30-50 %), and pre- swing (50-60 
%). Fig. 4 is presented the plantar pressure distribution during 
stance phase of the right foot. 

III. RESULTS 
The maximum force, peak pressure, and mean pressure in the 

six regions of the foot when walking without and with the white 
cane as measured through plantar pressure distribution is 
compared in Table 1. The maximum force in the whole foot, 
medial and lateral foot region of the right foot side more 
increased significantly when walking with the white cane than 
walking without the white cane (p < 0.05). Differences in the 
maximum force between left and right side during walking 
under two conditions were showed similar patterns. The 
maximum force in the whole foot, forefoot, midfoot, rearfoot, 
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Fig. 3. Insole masks 

 

 
Fig. 4. The plantar pressure distribution during stance phase of 

the right foot 
 

and lateral foot region of the right side were higher than the left 
side when walking without and with the white cane. However, in 
the midfoot region, there was only significant difference in the 
maximum force between left and right side (p < 0.05). The peak 

pressure in the whole foot, forefoot, and medial foot region 
increased significantly when walking with the white cane (p < 
0.05). Contrary to the results in the maximum force, in walking 
without the white cane condition, increased peak pressures of 
the left side were shown in all regions except only the lateral 
foot region. In addition, in the whole foot, forefoot, midfoot, 
and medial foot region, significant difference in the peak 
pressure between left and right side was only presented (p < 
0.05). Differences in the peak pressure patterns between left and 
right side when walking with the white cane were presented 
similarly in all regions except the midfoot and lateral foot 
region. Differences in the mean pressure between left and right 
side during walking under two conditions were showed similar 
patterns. In walking without the white cane condition, the mean 
pressure in all regions except the medial and lateral foot region 
of the right side were higher than the left side while different 
pattern was only shown in the medial foot region when walking 
with the white cane. But, in the midfoot region, there was only 
significant difference in the mean pressure between left and 
right side (p < 0.05). As compared with the mean pressure 
between when walking without and with the white cane, 
significant differences in the mean pressure were presented in 
the whole foot, medial foot, and lateral foot region (p < 0.05). 
The force, peak pressure, and mean pressure during stance 
phase is presented in Fig. 5. The force at all stages except 
pre-swing of the right side were higher than the left side when 
walking without the white cane. On the other hand, in walking 
with the white cane condition, the force at terminal and 
pre-swing of the left side more increased than the right side. At 
initial contact, there was only significant difference in the force 
between left and right side (p < 0.05). When comparing two 
conditions, significant differences in the force were shown both 
at mid-stance and terminal stance (p < 0.05). The peak pressures 
at initial contact and loading response of the right side increased 
while that in the other stage of the same side decreased on both 
walking without and with the white cane conditions. There were 
significant differences in the peak pressure between left and 
right side at terminal and pre-swing when walking without the 
white cane (p < 0.05). However, significant difference was only 
presented at terminal stance when walking with the white cane 
(p < 0.05). As compared with the peak pressure between when 
walking without and with the white cane, significant differences 
in the peak pressure were shown at terminal stance and 
pre-swing (p < 0.05). The mean pressure at all stages except the 
pre-swing of the right side were higher than the left side when 
walking without and with the white cane. There was only 
significant difference in the mean pressure between left and 
right side at initial contact (p < 0.05). At terminal stance, 
significant difference in the mean pressure was only presented 
when comparing walking without and with the white cane 
conditions (p < 0.05). 

IV. DISCUSSION 
The aim of the present study was to determine the differences in 
the plantar pressure distribution between walking without and 
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Table 1. Differences in plantar pressure in the six regions between when walking without and with the white cane 
   Left Right p-value   Left Right p-value 

Maximum 
Force 
(N) 

Whole 
foot 

Walking without 
the white cane 

617.27 
±39.36 

629.05 
±46.09 0.592 

Fore 
foot 

Walking without 
the white cane 

533.13 
±49.72 

532.18 
±41.99 0.969 

Walking with 
the white cane 

622.31 
±44.96 

642.82 
±45.30 0.334 Walking with 

the white cane 
519.79 
±51.42 

525.78 
±41.95 0.797 

p-value 0.529 0.017*  p-value 0.256 0.241  

Mid 
foot 

Walking without 
the white cane 

190.91 
±12.55 

212.13 
±16.66 0.004* 

Rear 
foot 

Walking without 
the white cane 

451.24 
±49.06 

467.81 
±50.42 0.455 

Walking with 
the white cane 

191.68 
±13.37 

215.99 
±13.49 0.002* Walking with 

the white cane 
449.84 
±44.51 

471.15 
±57.88 0.313 

p-value 0.880 0.420  p-value 0.886 0.792  

Medial 
foot 

Walking without 
the white cane 

356.23 
±32.07 

326.79 
±24.33 0.555 

Lateral 
foot 

Walking without 
the white cane 

473.83 
±25.95 

482.69 
±39.14 0.602 

Walking with 
the white cane 

357.13 
±37.76 

344.56 
±20.78 0.448 Walking with 

the white cane 
472.53 
±31.45 

496.32 
±25.62 0.100 

p-value 0.914 0.012*  p-value 0.883 0.046*  

Peak 
Pressure 

(kPa) 

Whole 
foot 

Walking without 
the white cane 

375.00 
±30.80 

277.50 
±31.42 0.003* 

Fore 
foot 

Walking without 
the white cane 

358.50 
±32.10 

274.17 
±32.72 0.004* 

Walking with 
the white cane 

373.75 
±52.49 

312.92 
±43.29 0.190 Walking with 

the white cane 
373.75 
±55.25 

312.92 
±44.67 0.147 

p-value 0.500 0.021*  p-value 0.682 0.024*  

Mid 
foot 

Walking without 
the white cane 

147.92 
±12.68 

135.42 
±8.40 0.047* 

Rear 
foot 

Walking without 
the white cane 

226.25 
±23.37 

207.92 
±24.13 0.895 

Walking with 
the white cane 

143.33 
±13.60 

153.75 
±21.58 0.137 Walking with 

the white cane 
257.92 
±27.35 

229.17 
±24.35 0.965 

p-value 0.420 0.460  p-value 0.686 0.467  

Medial 
foot 

Walking without 
the white cane 

375.00 
±32.23 

268.33 
±32.74 0.002* 

Lateral 
foot 

Walking without 
the white cane 

236.67 
±22.04 

268.75 
±21.62 0.405 

Walking with 
the white cane 

373.75 
±54.32 

306.25 
±45.66 0.116 Walking with 

the white cane 
251.25 
±19.87 

278.75 
±21.10 0.083 

p-value 0.545 0.048*  p-value 0.690 0.388  

Mean 
Pressure 

(kPa) 

Whole 
foot 

Walking without 
the white cane 

39.92 
±2.97 

40.54 
±2.79 0.581 

Fore 
foot 

Walking without 
the white cane 

90.23 
±7.03 

94.04 
±8.03 0.969 

Walking with 
the white cane 

41.48 
±2.92 

42.31 
±2.81 0.334 Walking with 

the white cane 
88.56 
±6.90 

92.96 
±8.01 0.797 

p-value 0.504 0.017*  p-value 0.256 0.241  

Mid 
foot 

Walking without 
the white cane 

38.47 
±2.82 

39.74 
±2.16 0.004* 

Rear 
foot 

Walking without 
the white cane 

103.25 
±12.17 

107.77 
±12.53 0.455 

Walking with 
the white cane 

35.89 
±2.83 

42.51 
±2.25 0.002* Walking with 

the white cane 
115.82 
±14.25 

116.73 
±13.53 0.725 

p-value 0.880 0.419  p-value 0.886 0.600  

Medial 
foot 

Walking without 
the white cane 

60.79 
±3.55 

51.90 
±3.72 0.056 

Lateral 
foot 

Walking without 
the white cane 

55.25 
±4.44 

54.84 
±3.43 0.602 

Walking with 
the white cane 

60.93 
±3.25 

56.36 
±3.46 0.502 Walking with 

the white cane 
55.71 
±2.69 

56.93 
±3.46 0.100 

p-value 0.914 0.002*  p-value 0.883 0.046*  

(Mean±SD), *p < 0.05 
 

with the white cane for understanding gait characteristic of 
elderly people with visual impaired. 

In general, the visually impaired person hold the white cane 
with one hand and swing it from side to side with pressure of the 
wrist and fingers for detecting and avoiding obstacles. The 

motion of the cane can effect on the gait mechanism of 
individuals with a visual impairment [12]. Accordingly, use of 
the white cane continuously during walking could be connected 
directly the change of gait pattern. As compared the maximum 
force and mean pressure between when walking without and 
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Fig. 4. Differences in plantar pressure during stance phase between when walking without and with the white cane 
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with the white cane, the pressure distributions were changed 
similarly. In walking with the white cane condition, the 
maximum force and mean pressure in the whole foot, medial 
and lateral foot region of the right side increased significantly. 
Increased maximum force and mean pressure in the medial and 
lateral foot region of the right side affect the whole foot region, 
and it may be associated with body sway caused by using the 
white cane. In addition, the force and pressure at mid-stance and 
terminal stance was higher significantly when walking with the 
white cane than walking without the white cane. It seems that the 
white cane may have influence on cautious walking pattern with 
increased strength, stride, contact time, and gait velocity of the 
right foot. This result is consistent with the previous research 
which also reported that individuals with visual impairment 
showed shorter stride length, earlier foot contact, and careful 
gait strategy to keep a postural stability [13]. 

The plantar pressure distribution including the maximum 
force, peak pressure, and mean pressure in the medial foot 
region of the left side increased while these parameters in the 
lateral foot region decreased. Especially, significant difference 
in the force and pressure was only shown at initial contact. 
Commonly, elderly people with visual impairment used the 
white cane on the right side. With continuous movement of that 
side for detection obstacle, asymmetrical balance patterns of 
users were presented. This gait imbalance was also observed 
that the maximum force and mean pressure of the right side 
increased while the peak pressure of the left side increased 
during walking. In previous researches demonstrated that 
visually impaired person had poorer body balance in the 
anterioposterior and mediolateral directions during both static 
and dynamic conditions [14-16]. From these results, we 
confirmed that asymmetrical pressure distribution pattern can 
be induced by holding and swing the white cane to the front side 
with only one hand during walking, and it also can affect the 
postural balance continuously when walking without the white 
cane. 

The peak pressure in the forefoot and medial foot region of 
the right side increased significantly when walking with the 
white cane. And, there were also significant increase in the peak 
pressure during the terminal stance and pre-swing phase. 
Consequently, the significant differences in the peak pressure 
values between left and right side more decreased when walking 
with the white cane than walking without the white cane. From 
the results, we confirmed that significant increase in the plantar 
pressure distribution in the terminal stance and pre-swing phase 
can be directly linked to the peak pressure in the forefoot, 
midfoot, and medial foot region. Generally, the white cane have 
been designed primarily to provide physical stability to a 
visually impaired person when walking. Reduced peak pressure 
between left and right side during walking with the white cane is 
very meaningful result which suggest positive effect of the white 
cane on improvement of posture and balance stabilization [17]. 
However, conventional white cane has some limitations such as 
including lack of range for obstacle detection at different 
heights and distances, and continuous use of the white cane may 

can cause discomfort during walking that is associated with gait 
dysfunction as well as postural imbalance of elderly people with 
visual impairment. Early intervention to enhance the postural 
balance of elderly people with visual impairment for preventing 
risk of injury and falls may be important [7]. Accordingly, with 
regard to develop the new types of walking assistive device, it is 
necessary to consider the gait characteristic and dynamic 
postural balance pattern. 

V. CONCLUSION 
The main objective of this study was to investigate the plantar 

pressure distribution of elderly people with visual impairment 
based on the foot regions and gait cycle. In the current study, 
increased plantar pressure distributions of the right side 
including the maximum force and mean pressure between 
walking without and with the white cane were founded while the 
opposite tendency between two conditions was presented in the 
peak pressure. Postural balance of elderly people with visual 
impairment can be influenced positively by the walking 
assistive device. Furthermore, in-shoe pressure measurement 
can be utilized to analyze the gait mechanism and postural 
stability pattern of people who are visually impaired. The 
finding of this study suggest that understanding of the gait 
characteristic may have important factor for improving physical 
activity in daily life and proving the efficient rehabilitation 
methods to adapt in unfamiliar environments for elderly people 
with visual impairment. Thus, further study will be conducted to 
develop the new types of walking assistive device based on the 
results of this study. 
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