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Pressure Relieving Effect of Adding a Pelvic Well 
Pad to a Wheelchair Cushion in Individuals  

With Spinal Cord Injury
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Department of Rehabilitation Medicine, National Rehabilitation Center & Hospital, Seoul, Korea

Objective  To identify the pressure relieving effect of adding a pelvic well pad, a firm pad that is cut in the ischial 
area, to a wheelchair cushion on the ischium.
Methods  Medical records of 77 individuals with SCI, who underwent interface pressure mapping of the buttock-
thigh area, were retrospectively reviewed. The pelvic well pad is a 2.5-cm thick firm pad and has a cut in the ischial 
area. Expecting additional pressure relief, it can be inserted under a wheelchair cushion. Subjects underwent 
interface pressure mapping in the subject’s wheelchair utilizing the subject’s pre-existing pressure relieving 
cushion and subsequently on a combination of a pelvic well pad and the cushion. The average pressure, peak 
pressure, and contact area of the buttock-thigh were evaluated.
Results  Adding a pelvic well pad, under the pressure relieving cushion, resulted in a decrease in the average and 
peak pressures and increase in the contact area of the buttock-thigh area when compared with applying only 
pressure relieving cushions (p<0.05). The mean of the average pressure decreased from 46.10±10.26 to 44.09±9.92 
mmHg and peak pressure decreased from 155.03±48.02 to 131.42±45.86 mmHg when adding a pelvic well pad. 
The mean of the contact area increased from 1,136.44±262.46 to 1,216.99±255.29 cm2.
Conclusion  When a pelvic well pad was applied, in addition to a pre-existing pressure relieving cushion, the 
average and peak pressures of the buttock-thigh area decreased and the contact area increased. These results 
suggest that adding a pelvic well pad to wheelchair cushion may be effective in preventing a pressure ulcer of the 
buttock area.
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INTRODUCTION

Pressure ulcers (PU) are one of the most common com-
plications in individuals with spinal cord injury (SCI) [1]. 
Tetraplegic and paraplegic SCI individuals rely on wheel-
chairs for mobility and thus despite the use of a pressure 
relieving cushion, the sacrum and ischium are the most 
common sites of PUs [2-5]. 

Prolonged exposure to pressure and shear force are the 
major causes of PU [3]. Many methods of relieving pres-
sure and shear force have been devised to prevent a PU at 
the ischium. Educations of posture in bed and wheelchair 
[6,7], the use of various kinds of pressure relieving cush-
ions [8,9], and the application of tilt and recline systems 
on the wheelchair [10-13] are methods utilized to reduce 
pressure and shear force. Among the many pressure re-
lieving methods, the use of pressure relieving cushions is 
essential. And many types of pressure relieving cushions 
are in use. However, a cushion alone cannot prevent PU 
sufficiently. 

In 2012, World Health Organization (WHO) proposed a 
‘foam type pressure relief cushion’ as a wheelchair cush-
ion [14]. The cushion consists of a firm base layer and a 
soft top layer, and fabric wrapping them. The base layer is 
a firm pad cut in the ischial area. The firm base layer has 
two main components. First, a ‘well’ under the ischial 
bones reduces pressure on the buttock area. Second, a 
‘shelf’ in front of the ischial bones keeps the pelvis more 
upright and prevents it from sliding forward. If more 
pressure relief is required, an additional layer, called a 
‘lift’, can be added between the base and the top [15].

In Korea, however, most of the SCI individuals use 
ready-made air cushions. Air-cell-based cushions have 
good pressure relieving abilities. However, PUs occur oc-
casionally, in spite of the prior use of pressure relieving 
cushions. In these cases, an additional pressure relieving 
method is to provide a pad like the ‘lift’ under the pre-ex-
isting cushion which can be effective. This is more cost-
effective and convenient than purchasing a new cushion.

Despite existing recommendations made by the WHO 
on such relief cushion bases, there have not been any ob-
jective evidence regarding its effects. The pad, with a cut 
in the ischial area, can be used as an add on approach 
in combination with the SCI individual’s pre-existing 
pressure relieving cushion, allowing additional pressure 
relief. The purpose of the current study was to objectively 

identify the pressure relieving effects of adding a pad to 
the wheelchair cushion on the ischium.

MATERIALS AND METHODS

Subjects
Medical records of 77 individuals with SCI, who were 

admitted to the SCI health medical screening program of 
the National Rehabilitation Center in Korea between Sep-
tember 2014 to June 2015 and who underwent interface 
pressure mapping were retrospectively analyzed. The SCI 
health medical screening program includes community 
dwelling individuals who come for annual routine health 
screening. All SCI individuals using a manual or electric 
wheelchair underwent interface pressure mapping of the 
buttock-thigh area. However, individuals who had pres-
sure ulcers on their buttock-thigh area or who refused to 
undergo interface pressure mapping were not analyzed. 
Individuals with deformities of the pelvis or femur and 
neurological injuries other than SCI were not included in 
the study. There also was no limit on age for this analysis. 
The study was approved by the National Rehabilitation 
Center Institutional Review Board (No. NRC-2018-03-
016).

Pelvic well pad
Expecting additional pressure relief, we created a pad 

that can be inserted under a wheelchair cushion. We 
named the pad as a ‘pelvic well pad’. Pelvic well pad, is a 
firm pad, made from ethylene vinyl acetate foam. It is 2.5 
cm thick and has a cut in the ischial area. It was placed on 
the seat of a wheelchair, and a pressure relieving cushion 
was placed over it (Fig. 1A). The objective was to relieve 
pressure in the ischial area and to redistribute pressure 
towards the thighs. The pelvic well pads were cut so the 
relief area would be 3 cm in front of the anterior tip of the 
ischial tuberosity and 2.5 cm from the lateral borders of 
the ischial tuberosity (Fig. 1B).

XSENSOR X3 system
As in many prior studies, we used a high-resolution 

pressure mapping system, X3 PRO (XSENSOR Technology 
Corporation, Calgary, Canada) to measure the pressure 
between the cushion and the buttock-thigh [16-18] (Fig. 
2). XSENSOR X3 system includes a thin, flexible mat-like 
pressure sensor with a 1,296 cell matrix (36×36), which 
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covered a 45×45 cm2 sensing area. The sensor was placed 
under the buttock-thigh area of subjects to measure pres-
sure in the corresponding area. Pressure distribution is 
displayed in color on a monitor. High pressure areas are 
shown in red, low pressure areas in blue. Average pres-
sure, peak pressure and contact area are calculated and 
the graphical displays of pressure distribution are shown.

Protocol of measurement
In order to confirm the pressure relieving effects of 

the pelvic well pad, the patients underwent interface 

pressure mapping with the XSENSOR X3 system in the 
subject’s wheelchair utilizing the subject’s pre-existing 
pressure relieving cushion and subsequently on a com-
bination of the customized pelvic well pad and the pre-
existing pressure relieving cushion. The average pressure, 
peak pressure, and the contact area of the buttock-thigh 
were evaluated. The results were recorded prospectively.

Exams were conducted in the following order. First, 
the subject’s pre-existing cushion was applied to one’s 
wheelchair seat. Pressure sensor of the XSENSOR X3 
system was placed over the cushion and the subject was 
carefully seated using an electric lift onto the wheelchair. 
The average pressure, the peak pressure, and the contact 
area of the buttock-thigh area were evaluated while the 
subject sat quietly. To reflect the subject’s daily posture, 
the pressures and the contact area were evaluated after 
the patient was seated in the wheelchair for 5 minutes.

Second, a pelvic well pad was added and evaluated. To 
add the pelvic well pad, the subject was taken out of the 
wheelchair. The pelvic well pad was placed between the 
wheelchair seat and the cushion. Then the pressures and 
the contact area were evaluated as before.

All exams were performed by an occupational therapist 
specialized in seating assessment and who had more 
than 5 years of experience in seating of SCI individuals.

Statistical analysis was performed with SPSS version 
18.0 (SPSS Inc., Chicago, IL, USA). A paired t-test was 
used to analyze the differences between the average 
pressure, the peak pressure, and the contact area of the 

2.5 cm

2.5 cm

3 cm

A B

Fig. 1. (A) A three-dimensional image of the pelvic well pad (blue). It is 2.5 cm thick and has a cut in the ischial area. 
A ready-made air cushion (translucent grey) is placed over it. (B) A schematic view from below of the pelvic well pad. 
The pelvic well pad is expressed as a translucent blue figure. The pelvic well pads were cut so that the relief area would 
be 3 cm in front of the anterior tip of the ischial tuberosity and 2.5 cm from the lateral borders of the ischial tuberosity.

Fig. 2. The XSENSOR X3 system. Interface pressure dis-
tribution between the seat cushion and the buttock-thigh 
area is displayed in color on a monitor.
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buttock-thigh area before and after the pelvic well pad 
applied. We considered p<0.05 significant.

RESULTS

General characteristics
Seventy-seven subjects were retrospectively reviewed. 

The average age was 42.55±13.89 years with a range be-
tween of ages from 16 to 72 years. Fifty-seven (74%) were 
male, 20 (26%) were female. Thirty-eight (49.4%) were 
tetraplegic and 39 (50.6%) were paraplegic. According 
to the American Spinal Injury Association impairment 
scale (AIS), 45 (58.4%) were AIS-A, 15 (19.5%) were B, 13 
(16.9%) were C, 4 (5.2%) were D (Table 1).

Types of pressure relieving cushions
The types of subject’s pre-existing pressure relieving 

cushions were as follows: thirty-one (40%) subjects used 
5 cm air-cell-based cushion, 13 (17%) used 8 cm air-cell-
based cushion, 5 (6%) used 10 cm air-cell-based cushion, 
1 (1%) used ROHO Hybrid Elite cushion, and 21 (27%) 

Table 2. Pressure distribution change after adding the pelvic well pad

Without the pelvic well pad With the pelvic well pad p-value
All participants (n=77)

   Average pressure (mmHg)  46.10±10.26 44.09±9.92 0.03*

   Peak pressure (mmHg) 155.03±48.02 131.42±45.86 <0.001*

   Contact area (cm2) 1,136.44±262.46 1,216.99±255.29 <0.001*

Tetraplegia (n=38)

   Average pressure (mmHg)  44.66±6.78 43.82±10.52 0.62

   Peak pressure (mmHg) 148.26±46.10 129.76±46.23 <0.001*

   Contact area (cm2) 1,214.87±217.12 1,287.32±280.14 <0.001*

Paraplegia (n=39)

   Average pressure (mmHg)  47.51±12.71 44.36±9.42 <0.001*

   Peak pressure (mmHg) 161.62±49.52 133.03±46.04 <0.001*

   Contact area (cm2) 1,060.03±282.35 1,148.46±280.00 <0.001*

Sensory complete SCI (n=45)

   Average pressure (mmHg)  47.62±11.69 45.89±11.56 0.26

   Peak pressure (mmHg) 155.24±49.29 125.71±37.40 <0.001*

   Contact area (cm2) 1,090.91±268.51 1,176.29±274.16 <0.001*

Sensory incomplete SCI (n=32)

   Average pressure (mmHg)  43.97±7.48 41.56±6.35 <0.001*

   Peak pressure (mmHg) 154.72±51.10 139.44±55.29 0.03*

   Contact area (cm2) 1,200.47±243.53 1,274.22±217.52 <0.001*

Values are presented as mean±standard deviation.
*p<0.05 by paired t-test.

Table 1. Demographics and clinical characteristics of the 
study participants (SCI, n=77)

Characteristic Value
Age (yr)  42.55±13.89

Height (cm) 170.65±8.75

Weight (kg)  64.44±11.09

Sex

   Male 57 (74)

   Female 20 (26)

Level of injury

   Tetraplegia 38 (49.4)

   Paraplegia 39 (50.6)

AIS

   A 45 (58.4)

   B 15 (19.5)

   C 13 (16.9)

   D 4 (5.2)

Values are presented as mean±standard deviation or num-
ber (%).
SCI, spinal cord injury; AIS, American Spinal Injury As-
sociation impairment scale.
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used low priced air cushion. The types of cushions used 
by the 6 (8%) subjects were not known.

Pressure distribution change
All participants
Adding a pelvic well pad to the pressure relieving cush-

ion resulted in a statistically significant reduction in av-
erage and peak pressure and increase in contact area of 
the buttock-thigh area, as compared with applying only 
pressure relieving cushions (p<0.05). The mean of the 
average pressure decreased from 46.10 to 44.09 mmHg 
(p=0.03) and the peak pressure decreased from 155.03 to 
131.42 mmHg (p<0.001), when adding a pelvic well pad. 
The mean of the contact area increased from 1,136.44 to 
1,216.99 cm2 (p<0.001) (Table 2).

Fig. 3 are views of the screen of XSENSOR of the but-
tock-thigh area. As displayed in Fig. 3, pressures of the 
ischial area decreased and the contact area of the thigh 
area increased when a pelvic well pad was added. This is 
suspected to occur because the pelvic well pad redistrib-
utes pressure from the ischial area to the thigh.

Subgroup analysis
Level of injury
Both tetraplegic and paraplegic SCI groups revealed 

decreased average and peak pressure and increased con-
tact area of the buttock-thigh area when the pelvic well 
pad was added. In tetraplegics, the mean of the average 
pressure decreased from 44.66 to 43.82 mmHg (p=0.62), 
the peak pressure decreased from 148.26 to 129.76 mmHg 
(p<0.001), and the contact area increased from 1,214.87 

to 1,287.32 cm2 (p<0.001). In paraplegics, the mean of the 
average pressure decreased from 47.51 to 44.36 mmHg 
(p<0.001), the peak pressure decreased from 161.62 to 
133.03 mmHg (p<0.001), and the contact area increased 
from 1,060.03 to 1,148.46 cm2 (p<0.001). All changes, ex-
cept the contact area of the tetraplegic group, were statis-
tically significant (p<0.05) (Table 2).

AIS grade
According to AIS, 45 (58.4%) were sensory complete 

(AIS A) SCI and 32 (41.6%) were sensory incomplete 
(AIS B/C/D) SCI. Both groups revealed decreased aver-
age and peak pressure and increased contact area of the 
buttock-thigh area when a pelvic well pad was added. 
In sensory complete SCI group, the mean of the average 
pressure decreased from 47.62 to 45.89 mmHg (p=0.26), 
the peak pressure decreased from 155.24 to 125.71 mmHg 
(p<0.001), the contact area increased from 1,090.91 to 
1,176.29 cm2 (p<0.001). In sensory incomplete SCI group, 
the mean of the average pressure decreased from 43.97 
to 41.56 mmHg (p<0.001), peak pressure decreased from 
154.72 to 139.44 mmHg (p=0.03), and the contact area 
increased from 1,200.47 to 1,274.22 cm2 (p<0.001). All 
changes, except the contact area of the sensory complete 
SCI group, were statistically significant (p<0.05) (Table 2).

DISCUSSION

Lowering the pressure on the buttock area reduces the 
risk of PUs on wheelchair users. Many methods of reliev-
ing pressure of the buttock area have been devised [6-

A B

Fig. 3. Pictures on the screen of 
XSENSOR X3 system presenting 
a graphical image of a subject’s 
interface pressure of the buttock-
thigh area.  L eft  side of  each 
picture reflects the pressure of 
the buttock area, and right side 
reflects thigh area. (A) Image with 
application of only pressure re-
lieving cushion. (B) Image with 
and additional pelvic well pad ap-
plied beneath the cushion.
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13,18-21]. However, despite the use of pressure relieving 
cushions, many of them have pressure ulcers in the but-
tock area. Gil-Agudo et al. [8] studied the interface pres-
sure of the buttock area with various types of cushions. 
According to his study, the average of the peak pressures 
was 105.5 mmHg with dual-compartment air cushions 
and with a ranged between 180.5 mmHg and 207.5 
mmHg using other types of cushions (low-profile air, 
high-profile air, gel and firm foam cushions). These re-
sults suggest that interface pressures vary depending on 
the pressure cushion types and these pressures may not 
be adequate to prevent PU occurrence. According to this 
study, the pelvic well pad increases the contact area be-
tween the buttock-thigh area and the cushion. Addition 
it decreases the average and the peak pressure of the area 
when applied additionally to a pressure relieving cush-
ion. Using the pelvic well pad, the peak pressures of the 
cushions seen in the study of Gil-Agudo et al. [8] might 
be decreased.

In individuals with tetraplegia and sensory complete 
SCI, average pressure reduction with a pelvic well pad 
was not statically significant. However peak pressures 
were significantly reduced and the contact area redistri-
bution was significantly increased. PUs typically occur in 
the areas of focally concentrated pressures and thus an 
addition of pelvic well pad to the pre-existing cushion 
may be an option when prior pressure relieving methods 
fail.

Pelvic well pad, which is a 2.5-cm thick and cut 3 cm in 
front of the anterior tip and 2.5 cm from the lateral bor-
ders of the ischial tuberosity, were used in this study (Fig. 
1). However, due to different subcutaneous fat or muscle 
thickness depending on body weight or body mass index, 
the optimal dimensions of the pelvic well pad may vary 
depending individual variables.

We evaluated the pressures and the contact areas after 
the patient was seated in the wheelchair for 5 minutes to 
reflect the subject’s daily posture. According to Kim et al. 
[22], the peak and the average interface pressure of but-
tock in SCI patients increased significantly when sitting 
on 5 cm air-filled cushion during 0 to 25 minutes. They 
also reported there were no significant changes of the 
interface pressure after 25 minutes. Therefore, they rec-
ommended 25 minutes for sitting time prior to interface 
pressure recording. It is not known at this time how the 
pressures of the buttock-thigh area will change when the 

pelvic well pad is added to a pressure relieving cushion.
Our study has limitations. In that it is retrospective and 

a single-center study. Only one occupational therapist 
covered interface pressure mapping in National Rehabili-
tation Center and thus a rater bias may have been intro-
duced. This study does not confirm a direct correlation 
between the PU occurrence and the addition of the pelvic 
well pad.

This study only analyzed the pressure relief effects of 
pelvic well pad by ‘well’ component. Theoretically, a pel-
vic well pad can also reduce the shear force by the effect 
of the ‘shelf’, preventing forward sliding of the wheelchair 
user [14]. Therefore, the pelvic well pad may be able to 
prevent PUs beyond the pressure relieving effects ob-
served in this study.

This is the first study to show the effects of adding a 
pelvic well pad to wheelchair cushion for improving the 
interface pressure in people with SCI. A decreased aver-
age and peak pressure and increased contact area of the 
buttock-thigh area was noticed when a pelvic well pad 
was added to a pre-existing pressure relieving cushion. 
Utilizing a pelvic well pad in combination with pressure 
relieving cushions decreases the pressure of the buttocks 
more effectively than using only the cushion. The pelvic 
well pad may be a good option when repetitive PUs occur, 
despite the use of pre-existing pressure relief cushions. 
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