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Abstract 
Pressure injuries are frequent secondary complications that occur in patients 
with Spinal Cord Injury (SCI), and the recurrence rate of ischial pressure in-
jury is highest in SCI patients. Most SCI patients use wheelchairs, and some 
studies have shown a relationship between buttock pressure and sitting post-
ure. However, the pressure distribution during wheelchair maneuvering is 
unclear. We measured and compared the shift of the ischial region when ma-
neuvering a standard wheelchair or electric wheelchair in healthy adults. The 
subjects drove wheelchairs on a flat ground of 10 m and the shift of ischial re-
gion was measured with a pressure distribution-measuring device. The ischial 
region shifted forward or backward while maneuvering both the standard 
wheelchair and the electric wheelchair, and the shift rate of the ischial region 
was not significantly different between the standard wheelchair and the elec-
tric wheelchair. The ischial region shift occurred when the forward head 
moved by the video while maneuvering both a standard wheelchair and an 
electric wheelchair. Therefore, the shift might occurred because the pelvis 
shifted forward in conjunction with head movement during maneuvering of 
both the standard wheelchair and the electric wheelchair. This result showed 
that it is important to reduce head and trunk movements when maneuvering 
a wheelchair to reduce the shear force on the buttocks and prevent pressure 
injuries. 
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1. Introduction 

Pressure injuries are caused by pressure and shear forces. The activity level of 
Spinal Cord Injury (SCI) patients who maneuver a wheelchair by themselves is 
high, and they can drive a car, carry out work, etc. [1]. SCI patients have patho-
logically protruding bone due to muscle atrophy of the buttocks and joint con-
tracture, which are risk factors for pressure injury development [2]. Pressure in-
jury frequently occurs particularly on the sacral area, ischial area, and the heel in 
SCI patients [3], and the postoperative recurrence rate was 27% [4]. Moreover, 
Jensen reported that the recurrence rate of ischial pressure injury was highest at 
53% compared to that of the other site [5]. The ischial pressure injury often un-
dergoes flap surgery but this surgical treatment needs 2 weeks-bed rest [6], and 
bed rest induces disuse syndrome such as autonomic disorder and muscle atro-
phy. Thus, it is crucial to prevent ischial pressure injury development and recur-
rence. Therefore, some studies have compared the seating pressure distribution 
effects of seating cushions [7] [8] and the effects of back support and the reclin-
ing wheelchair angle on buttock pressure [9] [10] [11] to prevent ischial and sa-
cral pressure injuries. However, these studies assessed buttock pressure in a se-
dentary sitting posture, and the pressure distribution during wheelchair maneu-
vering is unclear. As mentioned above, pressure and shear forces cause pressure 
injuries. The shear force and pressure may occur on the ischial area when the 
wheelchair cause maneuvers because the trunk and pelvis move during maneu-
vering.  

Therefore, we revealed the shear stress on the ischial site while maneuvering 
the standard type of wheelchair and electric wheelchair.  

2. Subjects and Methods 

The subjects were 20 healthy adults (10 men and 10 women). Height, weight, 
Body Mass Index (BMI), and upper limb length were measured. Those with a 
BMI of 25 kg/m2 or more were excluded, and 19 subjects (10 males and 9 fe-
males) were measured, and all subjects were right-handed. 

The change in the maximum pressure section during maneuvering of the 
wheelchair was measured. A pressure distribution-measuring device (FSA; Force 
Sensitive Applications, Takano, Japan) was used to measure the sitting pressure. 
It consists of a 533 mm2, pressure measure seat including 16 × 16 pressure sen-
sor (1 piece 25.4 mm, center spacing 3.1 mm), data conversion interface module, 
wireless kit, and Personal Computer (PC). A standard wheelchair was used as a 
self-propelled wheelchair in the experiment. The electric wheelchair used was 
JW Active (Yamaha Motor, Japan). Two standard wheelchairs of different seat 
widths were used according to the physique of the subject. An electric wheelchair 
joystick was installed on the right armrest. The footrest for both self-propelled and 
electric was adjusted so that the height of the footrest was 5 cm or more from the 
floor. The FSA seat was laid along the front edge of the wheelchair seat. The FSA 
sampling interval was set at 5 Hz. The subjects wore seamless shorts. In this ex-
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periment, to clarify the position of the ischial region, aluminum plates with a 
length of 4 cm and a width of 2 cm were attached to both sciatic regions of the 
subject, and a dressing material (Tegasorb™ hydrocolloid dressing, 3M Health-
care) was attached for sensor protection. This was confirmed by using a friction 
reduction tool (multi-glove, paramount bed) to determine whether there was 
any discrepancy between the actual position of the ischial region and the posi-
tion displayed using the device. 

For the driving method, a certain method was set so that there would be no 
difference due to driving. For self-propelled wheelchairs, the apex of the hand 
rim was set to 0˚. Instructions were given to drive in the range of 30˚ to 60˚ for-
ward, and the number of drives was set to once per second according to the me-
tronome. The electric wheelchair was set to 3.8 km/h and the subjects were in-
structed to move only their right hand. After practicing the driving method for 
both the standard wheelchair and the electric wheelchair, the pressure on the 
ischial region was measured by driving on a flat ground of 10 m three times 
each. The movement of the body during driving was recorded from the side us-
ing a PC equipped with a camera. 

A chi-square test was used for statistical analysis, and the risk rate was set to 
less than 5% in each case. 

3. Results 

The characteristics of the participants are listed in Table 1. The average driving 
time of a self-propelled wheelchair was 10.1 ± 1.4 seconds for men and 10.7 ± 2.1 
seconds for women, the average number of driving times was 10.0 ± 1.3 times 
for men and 10.6 ± 2.0 times for women, and the average driving speed was 3.63 
± 0.51 m/s for men and 3.50 ± 0.62 m/s for women. Regarding the presence or 
absence of ischial displacement, it was judged that the ischial displacement oc-
curred only when the maximum pressure region of the ischial pressure distribu-
tion moved anteriorly or posteriorly, and the position of the original maximum 
pressure region moved in the same direction. The displacement of the ischial re-
gion that occurred in this study was a forward sensor. Figure 1 shows an exam-
ple in which the sitting pressure distribution in the ischial region changed and 
displacement occurred when driving a self-propelled wheelchair. Figure 1(a) 
shows the distribution at the moment when the hand rim is pushed forward, 
Figure 1(b) shows the distribution at the moment when the hand is released 
from the hand rim, and Figure 1(c) shows the distribution at the moment when 
the hand rim is gripped again. The area surrounded by a square on the sensor 
seat was the position of the ischium. A comparison of Figure 1(a) and Figure 
1(b) shows that the maximum pressure region of both ischia moves forward, 
and when comparing Figure 1(b) and Figure 1(c), the maximum pressure re-
gion returns to the rear.  

For electric wheelchairs, the moment of the joystick was pushed forward was 
set as the start of driving. Similar to the self-propelled wheelchair, those who 
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showed a change in the maximum pressure region during driving were taken as 
an example of displacement in the ischial region. In self-propelled wheelchairs, 
the number of people with ischial displacement was eight for men and three for 
women, and the displacement detection rates (number of detectors/subjects) 
were 80% for men and 33.3% for women. In electric wheelchairs, the number of 
people with ischial displacement was three for men and three for women, and 
the displacement detection rates were 30% for men and 33.3% for women. Table 
2 and Table 3 show the number of deviation section for each subject, Table 4 
shows the number of people who have a deviation in each wheelchair. 

No significant association was found in the ischial displacement between the 
wheelchairs in all subjects. Distinguishing between men and women, a signifi-
cant association was found between self-propelled wheelchair driving and ischial 
displacement in men (p < 0.05), while no significant association was found in 
women.  

 

 
Figure 1. Sitting pressure distribution in the ischial region. The area surrounded by 
qualifications means ischial area. (a): The moment that a subject pushed the hand rim 
forward; (b): The moment that a subject released the hand rim; (c): The moment that a 
subject griped the hand rim again. Right and left ischial area shifted forward when a 
subject released the hand rim (a, b), and the ischial are returned the rear (b, c).  

 
Table 1. Characteristics of subjects. 

 Male Female 

Age (years) 22 ± 1.9 21 ± 0.8 

Height (cm) 169.2 ± 3.92 160.1 ± 5.17 

Wight (kg) 58.2 ± 4.42 53.4 ± 5.66 

BMI (kg/m2) 20.3 ± 1.27 20.3 ± 1.38 

Upper limb length (cm) 55.5 ± 1.43 51.8 ± 2.15 
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Table 2. The number of deviation section in male. 

 
Standard  

wheelchair 
1st drive 

Standard  
wheelchair 
2nd drive 

Standard  
wheelchair 
3rd drive 

Electric 
wheelchair 
1st drive 

Electric 
wheelchair 
2nd drive 

Electric 
wheelchair 
3rd drive 

Ischial Left Right Left Right Left Right Left Right Left Right Left Right 

Case A 1 1 0 1 0 1 0 0 0 0 0 0 

Case B 1 1 0 1 0 1 0 0 0 0 0 0 

Case C 0 1 1 1 0 0 0 0 0 0 1 1 

Case D 0 0 1 1 1 1 1 1 0 0 1 1 

Case E 0 0 0 0 0 0 0 0 0 0 0 0 

Case F 1 1 0 0 0 0 0 0 0 0 0 0 

Case G 0 0 0 0 1 0 0 0 0 0 1 0 

Case H 0 0 1 0 0 0 0 0 0 0 0 0 

Case I 1 1 0 1 1 1 0 0 0 0 0 0 

Case J 0 0 0 0 0 0 0 0 0 0 0 0 

 
Table 3. The number of deviation section in female. 

 
Standard  

wheelchair 
1st drive 

Standard  
wheelchair 
2nd drive 

Standard  
wheelchair 
3rd drive 

Electric 
wheelchair 
1st drive 

Electric 
wheelchair 
2nd drive 

Electric 
wheelchair 
3rd drive 

Ischial Left Right Left Right Left Right Left Right Left Right Left Right 

Case a 0 0 0 0 0 0 0 0 0 0 0 0 

Case b 0 0 0 0 0 0 0 0 1 0 0 0 

Case c 0 0 0 0 1 0 1 0 0 0 1 1 

Case d 1 0 1 0 1 0 0 0 0 0 0 0 

Case e 0 0 0 0 0 0 0 0 0 0 0 0 

Case f 0 0 0 0 0 0 0 0 0 0 0 0 

Case g 1 1 1 1 0 0 1 1 0 0 0 0 

Case h 0 0 0 0 0 0 0 0 0 0 0 0 

Case i 0 0 0 0 0 0 0 0 0 0 0 0 

Case j 0 0 0 0 0 0 0 0 0 0 0 0 

 
Table 4. The number of people who have a deviation in each wheelchair. 

 Deviation (+) Deviation (−) 

Satndard wheelchair 11 (8, 3) 8 (2, 6) 

Electric wheelchair 6 (3, 3) 13 (7, 6) 

Number (male, female). 

4. Discussion 

This study showed that the pressure of the ischial region shifted during maneu-
vering of the wheelchair. It is considered that the change in the position of the 
maximum pressure region during wheelchair driving, which occurred in this 
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study, reflects the anterior-posterior movement of the ischium on the seat. This 
movement of the ischium is thought to be caused by the anterior-posterior tilt of 
the trunk that occurs during driving and the accompanying anterior-posterior 
tilt of the pelvis. When the ischium moves on the seat due to the anterior-poste- 
rior tilt of the pelvis, a shift occurs between the ischium and the subcutaneous 
tissue, which is considered to be a risk factor for the development of pressure 
ulcers. Therefore, we provide guidance on wheelchair prescriptions and contrain-
dications for patients with SCI who have pressure ulcers in the ischial region and 
patients who require pressure ulcer management in the ischial region by mea-
suring the displacement of the ischial region when driving a wheelchair in a 
healthy person. Based on this, we compared the changes in the maximum pres-
sure of the ischial region when driving two types of wheelchairs, a self-propelled 
wheelchair, and an electric wheelchair, and investigated the factors that cause the 
deviation. 

No significant association was found between the wheelchair and ischial re-
gion in any of the subjects. In contrast, a significant association was observed in 
men. Those who were found to have a displacement of the ischial region tended 
to have pronounced head movements while driving based on the observation 
results of the video. In addition, because all changes in the maximum pressure 
region occur anteriorly, the pelvis is considered to tilt backward and the ischium 
moves anteriorly. However, according to Yang’s study [12] at a rate of 0.9 m/s, 
there is little activity in the core muscles, and when driving on flat ground, there 
is almost no activity of the lower limb muscles, and there is no anterior-posterior 
tilt of the trunk [13]. In this study, the average driving speed of men is 1.01 ± 
0.14 m/s, and women 0.97 ± 0.17 m/s, which is equivalent to the result of Yang’s 
study [13], so it is unlikely that muscle contraction caused movement in the pel-
vis. 

The upper limb forms of self-propelled wheelchairs are classified into four 
types [14], and all of them apply force diagonally forward when driving [15]. A 
force was applied in the vertical direction and backward from the hand rim ac-
cording to the law of action and reaction (Figure 2). The ischial region might 
shift as the upper limbs receive this backward force and the pelvic tilt backward. 

 

 
Figure 2. The force applied on the hand rim. A force was applied in the vertical 
direction and backward from the hand rim during wheelchair maneuvering. 
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There was also an example in which a change in the maximum pressure was 
observed while measuring with an electric wheelchair. The change in the maxi-
mum pressure was observed only when the joystick was pushed forward at the 
start of driving. Because the maximum pressure region did not change during 
driving, it is possible that when the joystick was pushed forward, the subject’s 
head was bent forward and the trunk was tilted back and forth, causing a shift. 
Therefore, concerning driving an electric wheelchair on a straight line on flat 
ground as measured this time, it is unlikely that the ischial region will shift un-
less the head and trunk are moved when pushing the joystick forward.  

The results of this study suggest that the movement of the head and trunk 
during driving may cause a shift in the ischial region. Therefore, it is desirable to 
prescribe an electric wheelchair to the patient or instruct the patient to drive 
with minimal movement of the head and trunk. For patients with SCI who are 
self-propelled in a wheelchair as a means of transportation, restricted activity 
due to pressure ulcers in the ischial region leads to a decrease in Quality of Life 
(QOL) [16]. To improve the QOL of SCI patients, it is desirable to use an electric 
wheelchair while the pressure ulcer in the ischial region is healing, and to teach 
them how to drive a self-propelled wheelchair from a preventive point of view 
after healing. 

This study was conducted on flat ground under conditions in which the driv-
ing method was restricted. As the driving speed increases, the activity of the 
trunk muscles and the forward tilt of the trunk also increase [8]; therefore, it is 
predicted that the displacement of the ischial region will be larger than the result 
of this study if the driving speed is increased. As described above, it is necessary 
to assume driving in all situations to spend time in a wheelchair in daily life. By 
measuring the displacement of the ischial region under various conditions, such 
as gradient, speed, and activities of daily living, more advanced knowledge can 
be obtained. Therefore, measurement under different conditions, as described 
above, is an issue that should be examined in the future. 

The FSA sensor mat used this time has a structure in which square sensors 
with a side of 25.4 mm are lined up at intervals of 3.1 mm. Because the sitting 
pressure is displayed only when it is applied to the sensor, the pressure applied 
between the sensors cannot be measured. Regardless of size, displacement is a 
risk factor for pressure ulcers; therefore, it is necessary to measure small changes 
in sitting pressure. However, because of the structure of the sensor mat used this 
time, it was only possible to measure the deviation in units of at least one square 
(25.4 mm + 3.1 mm2). To investigate the displacement of the ischial region in 
more detail, it is necessary to re-verify it using a device that measures the dis-
placement. 

5. Conclusion 

The ischial region shifted during the maneuvering of both the standard wheel-
chair and the electric wheelchair. Since it is thought that the movement of the 
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spinal column and trunk causes displacement, it is better not to use a self-propelled 
wheelchair during the period when protection of ischial pressure ulcers is re-
quired, such as in the early postoperative period. In addition, it is necessary to 
provide wheelchair users with guidance on driving methods that reduce the dis-
engagement force. 
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