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Abstract 

Study design: Case-control study. 

Objectives: To identify daily living-related risk factors for pressure ulcer (PU) 

occurrence in community-living patients with spinal cord injury (SCI). To determine 

whether seat pressure influences PU occurrence, and how often patients with SCI 

perform pressure relief activities while living in the community. 

Setting: Kanagawa Rehabilitation Hospital, Kanagawa, Japan. 

Methods: Thirty-one patients admitted to this hospital for PU treatment were included 

in the case (PU) group. Thirty outpatients who did not have PUs at the time of the study, 

and had lived without PUs for at least a year, were included in the control (No PU) 

group. Patients were interviewed about lifestyle-related PU risk factors and a pressure 

mapping system was used to measure interface pressure (IP) on their wheelchair seat. 

The No PU group patients recorded their daily activities and pressure relief maneuvers 

for 1 week.  

Results: Eight lifestyle factors and one risk assessment scale significantly differed 

between groups. Three factors showed significant odds ratios by logistic regression. IP 

did not significantly differ between groups. The self-counted number of pressure relief 

maneuvers (median (25th–75th percentile)) performed per hour in the No PU group was 

2.5 (0.7-4.3), and including transfer and urination was 3.5 (2.0-5.3).  

Conclusion: We identified potential PU risk factors related to lifestyle. The scores of one 

risk assessment scale were also associated with PU risk. Our results did not suggest an 

IP damage threshold. Patients in the No PU group performed pressure relief maneuvers, 

including related activities, approximately once every 17 minutes. 

 

Key words: pressure ulcers, risk factors, lifestyle, living in the community, 

pressure-relief, interface pressure measurement 

 

Introduction   

Prevention of secondary complications in patients with spinal cord injury (SCI) 

is important to allow them to continue living in the community. Pressure ulcers (PUs) 

are a common secondary complication of SCI in many countries.1-4) Although patients 

with SCI may believe that they can prevent PUs through careful management of living 

conditions,3) in reality PU prevention is very difficult.  

Pressure relief and redistribution through correct sitting posture, wheelchair 

settings, and seat cushion selection are important,5,6) as is evaluating daily living 

practices that carry a risk of causing PUs.7) In the clinical setting, we contribute to PU 
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prevention by providing pressure redistribution on the wheelchair, instructing patients 

in pressure relief practices, and evaluating activities that include the risk of PUs.8) 

Therefore, knowing which aspects of daily living strongly influence the risk of PU 

occurrence would help guide prevention strategies. Characterization of the relationship 

between interface pressure (IP) measurements on the wheelchair and PUs is also 

essential,9) because IP may be useful for the investigating seat pressure and daily 

living-related risk factors for PUs in patients with SCI. 

Pressure relief is important for PU prevention. It is our standard practice to 

instruct patients with SCI to perform pressure relief, such as a lift or other 

maneuvers,6) every 15 minutes throughout the day.10) However, it has been difficult to 

determine how often community-living patients with SCI really perform pressure relief 

maneuvers once they have finished rehabilitation. Previous reports suggest that 

community-living SCI patients seldom perform pressure relief.11) 

Thus, the objectives of this study were:  

1. To determine which daily living factors strongly influence the risk of PUs among 

community-living patients with SCI. 

2. To determine whether IP influences PU occurrence. 

3. To determine how often community-living patients with SCI practice pressure relief.  

 

Materials and Methods  

The affected patients (PU group; n=31) in this case-control study were 

admitted to the Kanagawa Rehabilitation Hospital for treatment of PUs between 

January and December of 2011. All were community-living prior to admittance. As their 

ulcers occurred on the ischial tuberosity, we speculated that their PUs were caused by 

their seating surface. The patients in the control group (No PU group; n=30) were 

outpatients in the same hospital, but did not have PUs at the time of the study and had 

lived in the community without PUs for at least 1 year. Patients in both groups were 

matched by sex, level of injury, and severity of paralysis as much as possible to allow 

appropriate comparisons of other factors. Paralysis severity was classified according to 

the American Spinal Injury Association (ASIA) impairment scale (AIS). We interviewed 

patients from both groups and evaluated matching when more than 20 patients per 

group had been recruited. Subsequently, when selecting patients for the No PU group 

we matched them for age, AIS, and damage level with the PU group patients. 

Patient interviews using a structured questionnaire, medical record searches, 

IP measurements in the wheelchair, and risk assessment using the Braden scale and 

the spinal cord injury pressure ulcer scale (SCIPUS) were conducted for all patients. 
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The reliability of the SCIPUS and Braden scales for the prediction of SCI risk has been 

demonstrated; however, their validity has not been reported.12) The interview 

questionnaire included questions on sociodemographic status and lifestyle factors; the 

latter were selected based on previous studies and our clinical experience5-8,10,13) and are 

shown in Table 1. On-the-wheelchair IP measurements of both groups were done using 

the FSA Pressure Mapping System (Vista Medical Ltd., Manitoba, Canada); peak 

pressure, contact area, and average pressure were calculated. Patients in the PU group 

underwent pressure mapping before surgical treatment if possible, because bone shape 

may change after surgical PU treatment.  

 

Please insert Table 1 here. 

 

In the No PU group, daily living habits (urination, defecation, bathing, going 

outside, and the length of time spent in a wheelchair) were recorded daily for 1 week. 

The number of pressure relief maneuvers was also recorded using an electronic tally 

counter (Line Seiki Co., Ltd., Tokyo, Japan). Push-ups, and leaning the trunk forward 

and to the side were considered pressure relief maneuvers. The length of time spent in 

pressure relief positions was not measured because it was too difficult to time each 

motion. Average weekly pressure relief maneuvers were calculated in two ways: 

“self-counted” pressure relief was calculated as the number of pressure relief maneuvers 

per hour (based on the number of counted pressure relief maneuvers and the time spent 

in the wheelchair); “including related activities” also included transfer and voiding 

urine as pressure relief maneuvers in the calculation. These values were compared with 

the number of pressure relief maneuvers reported during the interviews. Patients in the 

PU group could not count and record the number of pressure relief maneuvers because 

they were all admitted for surgical PU repair and were on bed rest as part of their 

treatment protocol. 

Statistically significant differences were determined by univariate analysis (t-test 

and χ2-test). Multivariate analysis using logistic regression was then performed for the 

factors for which significant between-group differences were noted to determine which 

factors strongly influenced the risk of PU. The Wilcoxon test was used to compare the 

counted number of pressure relief maneuvers with the self-reported number given 

during the interviews by the No PU group. All statistical analyses were performed using 

IBM SPSS version 16.0J (IBM Japan). 

This study was approved by the ethics committee of Kanagawa Rehabilitation 

Hospital and Tokyo Metropolitan University. 
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Results 

Results are summarized in Table 2. Factors that did not significantly differ 

between both groups were listed in Table 2 only if they were necessary for comparison 

with the significantly different factors.  

 

Please insert Table 2, Figure1 and Figure 2 here. 

 

Sociodemographic and neurological factors 

Sex, level of injury, and AIS scores were not significantly different between the 

groups because these factors were matched as part of the study design. However, age, 

time since injury, and PU history were all significantly greater in the PU group than in 

the No PU group. (Figures 1 and 2.) 

Risk assessment scales 

The Braden scale scores of the No PU group were slightly better than those of 

the PU group, but this difference was not statistically significant. The PU group had 

significantly higher SCIPUS scores than the No PU group, indicating that the PU group 

had a higher risk of PUs. 

Lifestyle factors related to daily living 

Eight lifestyle factors were significantly different between groups. More 

patients in the No PU group used a wheelchair and cushion, and possessed a cushion, 

than in the PU group. The average number of hours in the wheelchair, and the number 

of baths, was also greater in the No PU group than in the PU group. More patients in 

the No PU group than in the PU group traveled to facilities other than their office or 

school at least once per month, were knowledgeable about pressure relief, and drove 

independently. Voiding-related factors, employee or student status, and the number of 

patients possessing a wheelchair were not significantly different between groups.  

During the interviews, we asked all patients how many times per hour they 

usually performed pressure relief maneuvers. The number of patients who could answer 

the question was 23 (74%) in the PU group and 19 (63%) in the No PU group; the rest 

could not remember how many times they performed the actions. The hourly number of 

pressure relief maneuvers reported by the PU group (median, 1.0; mean±SD, 2.2±3.3; 

range, 0–15), did not differ significantly from the number reported by the No PU group 

(median, 1.5; mean±SD, 1.8±1.6; range, 0–5.5). Methods of pressure relief that patients 

knew included lifting up, leaning to the front, side, and back, and other methods as 

described in Table 2. 
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The average and median number of pressure relief maneuvers per hour as 

reported in the interview, counted over a 1 week period, and including activities related 

to pressure relief in the No PU group, are shown in Figure 3. All 30 patients in the No 

PU group were able to complete this part of the investigation. There were significant 

differences between the mean number of pressure relief maneuvers reported in the 

interview (mean±SD, 1.8±1.6), the mean self-counted number of maneuvers (4.7±7.2), 

and the mean calculated number of maneuvers including related activities (5.7±7.2). 

Conversely, when the medians were compared, the results of the interview (median, 1.5) 

and the self-counted results (2.5) did not differ significantly, but the results of the 

interview and the median number of pressure relief maneuvers including related 

activities (3.5) did. We adopted the median values because of the wide distribution of 

results, and calculated that the patients performed pressure relief including related 

activities once every 17 minutes.  

 

Please insert Figure 3 here. 

 

Interface Pressure measurement 

All patients in the No PU group and 24 patients in the PU group underwent IP 

mapping; seven (23%) of the PU group patients were not able to undergo pressure 

mapping before surgical treatment of ulcers. There were no significant differences in 

the maximum pressure, contact area, and average pressure between groups.  

Multivariate analysis 

Eight lifestyle factors differed significantly between groups, as did the SCIPUS 

scores, and these were assessed by multivariate analysis to determine which strongly 

influenced the risk of PU. Three factors had a high odds ratio (OR) for PU occurrence 

(Table 3), these were: seat cushion possession (OR=8.110), average time per day spent in 

a wheelchair (OR=1.581), and SCIPUS score (OR=0.395).  

 

Please insert Table 3 here. 

  

Discussion  

Systematic review of the risk factors for PUs in patients with SCI has shown 

that age and injury level do not affect PU risk, but that sex, severity of paralysis, and 

time since injury all strongly influence the likelihood of PU development.13) In this 

case-control study, injury level, sex, and AIS did not differ significantly between groups; 

therefore, we were able to compare other factors that might influence PU risk.  
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In contrast to the results of other studies, which indicate that age is not a risk 

factor for PUs,13) age differed significantly between groups. The age distribution peak 

was in the 60s in the PU group and in the 40s in the No PU group; six (19%) patients in 

PU group and one (3%) patient in the No PU group were aged over 70 years (Figure 1). 

Patients in the PU group also had longer times since injury, with nine (29%) having 

been injured more than 30 years ago compared with only three (10%) of the patients in 

the No PU group (Figure 2). This suggests that the patients in the PU group were 

injured significantly longer ago than those in the No PU group. Therefore we speculated 

that the PU group was older than no PU group because of the long time since injury. 

We classified the eight lifestyle factors that differed significantly between 

groups into two general categories (Table 4). In general, these results suggest that No 

PU group patients were more active and more knowledgeable about ulcer prevention 

than PU group patients. Previous studies have shown that regular exercise reduces PU 

occurrence, but simply having an active lifestyle has not been shown to have any 

effect.7,14) Although we did not investigate exercise in this study, we consider that an 

active lifestyle is a precondition to regular exercise. Therefore, patients in the No PU 

group might be more likely to exercise, and having an active lifestyle may be essential 

to PU prevention. It has previously been shown that patients with SCI benefit from the 

availability of aids and medical information.2) Our results suggest that the PU group 

patients had inadequate information about wheelchair and pressure relief activities. 

Additionally, because the PU group was less active than the No PU group, it might have 

been more difficult to contact them and provide them with this information.  

 

Please insert Table 4 here. 

 

There were no significant between-group differences in the number of patients 

who performed skin monitoring at least once a week. Two-thirds to three-quarters of the 

patients in both groups performed adequate skin monitoring. As previous studies have 

recommended, we also consider it necessary to educate patients with SCI about the 

importance of skin monitoring to prevent PUs.6,11) 

In the interviews, both groups reported performing a similar number of 

pressure relief maneuvers. However, several patients in both groups could not answer 

the question, which suggests that it is difficult to remember the number of pressure 

relief maneuvers performed because they are unconsciously practiced. Although the 

recommended frequency of pressure relief maneuvers is once every 15 minutes,10) 

previous studies have shown that community-dwelling patients with SCI do not engage 
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frequently enough in pressure relief activities.11) However, in our study, the patients in 

the No PU group practiced pressure relief activities at almost the recommended 

frequency. We consider this result useful for planning PU prevention programs in the 

future.  

In this study, contrary to our expectations, the results of IP measurements did 

not differ significantly between groups. It has been reported that it is difficult to 

identify an IP damage threshold because IP cannot measure internal pressure.15) Our 

results also suggest that identification of an IP damage threshold is difficult. However, 

in contrast, studies comparing cushions and postures have reported differences in 

IP.16,17) As the results of these studies suggest, comparison of IP is helpful in the clinical 

setting when we must choose the appropriate cushion for the patient. We consider 

relative comparisons of IP to be more useful than selecting an absolute damage 

threshold. 

Logistic regression revealed that the number of seat cushions possessed, 

average time per day spent in a wheelchair, and the SCIPUS score were highly 

associated with PU development. Our findings regarding the number of cushions 

possessed suggest that the patients in the No PU group were concerned about their 

cushions and updated them regularly. The mean time since injury was over 20 years in 

the PU group and over 10 years in the No PU group; this result suggests that it is 

important for SCI patients to be aware of, and to update, their cushions. Cushions may 

deteriorate when used for such a long period, and their ability to redistribute pressure 

may decrease with age.  

SCIPUS has been reported to be effective for PU prediction,18) and is 

recommended in the Japanese guidelines for the prevention of ulcers.19) We speculate 

that SCIPUS scores differed significantly between groups in this study because SCIPUS 

includes age and blood test data that the Braden scale does not include.  

 

Limitations 

The patients in this study were from a single community, Kanagawa, Japan. 

Thus, our results may be specific to people in this area. Additionally, cases were 

hospitalized and controls were community dwelling; this difference in setting may have 

affected the recall of lifestyle factors. The connection with risk factors not examined in 

this study, including substance abuse (alcohol, drugs) and psychological factors,13) is 

unidentified. This study involved the comparison of many factors between groups, 

which could lead to alpha inflation or type 1 errors. 
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Conclusions 

This study showed that eight factors associated with daily living differed 

significantly between the PU and No PU groups. Factors that were strongly associated 

with PU occurrence were the number of seat cushions possessed, average time per day 

spent in a wheelchair, and SCIPUS scores. These results suggested that the No PU 

group patients adopted an active lifestyle and had much more information about 

wheelchair, cushion, and pressure relief techniques. In contrast to other studies, age 

also differed significantly between groups because of the long time since injury. IP 

measurements did not differ significantly between groups. In the No PU group, 

pressure relief maneuvers, including related activities, were performed once every 17 

minutes. Our findings may be useful for developing a pressure ulcer prevention 

program for community-based patients with SCI. 
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number of wheelchairs and seat cushions

length of time spent in the wheelchair

presence or absence of transfer failure

(hitting buttocks or falling)

frequency of pressure relief

knowledge of pressure relief methods

need for bed rest

skin monitoring at least once a week

bathing frequency

use of cushion in the bath and on the toilet

technique for voiding urine and feces

presence or absence of incontinence

frequency of incontinence

length of time spent voiding feces

voiding location

living alone or with someone

employee or student

going to other facilities at least once a month

independent driving

driving frequency

using seat cushion on the car seat

Table 1. Daily living-related lifestyle factors

wheelchair and cushion factors

protective activities

urination and defecation

social participation



PU group (n=31) No PU group (n=30)
Statistical

significance

male: 25(81%) male: 26(87%)
female: 6(19%) female: 4(13%)

Age (years) 55.4±15.1 45.3±11.7 P=0.005

C: 9(29%) C: 10(33%)
Th: 19(61%) Th: 18(60%)
L: 3(10%) L: 2(7%)
A: 25(81%) A: 23(77%)
B: 4(13%) B: 6(20%)
C: 2(6%) C: 1(3%)

Time since injury 24.0±15.7 14.6±9.6 P=0.007

PU history presence:27 absence:4 presence:19 absence:11 P=0.031

Braden scale 15.7±1.4 16.3±1.4 P=0.068

SCIPUS 6.2±2.1 3.9±1.5 P=0.000
*2

Number of wheelchairs

in use

1.5±0.5 2.0±0.8 P=0.019

Number of

wheelchairs currently

1.8±0.7 2.2±0.8 P=0.64

Number of seat

cushions in use

1.6±0.6

(detail) air:69%, gel:8%

foam:12%,

2.1±0.7

(detail) air:47%, gel:31%

foam:6%, air+foam:16%

P=0.007

Number of seat

cushions  currently in

possession

1.8±0.7

(detail) air:75%, gel:7%

foam:11%,

2.3±0.7

(detail) air:53%, gel:27%

foam:6%, air+foam:14%

P=0.005

Employee or student yes: 9, no: 22 yes: 13, no: 17 P=0.245
Going to facilities other

than the office or

school regularly at

least once a month

yes: 17, no: 14 yes: 25, no: 5 P=0.016

Independent driving yes: 15, no: 16 yes: 25, no: 5 P=0.004
yes: 18, no: 6　(N=24) yes: 19, no: 11
(every day: 8, 33%) (every day: 13, 43%)

2.2±3.3 1.8±1.6
The number of subjects

who could answer this

question: 23(74%)

The number of subjects

who could answer this

question: 19(63%)

Max pressure 147.6±42.8 156.5±50.3 P=0.496

Contact area
*4

 (cm
2
) 1159.7±278.2 1284.7±236.2 P=0.080

Table 2. Results of interviews, medical record searches, and interface pressure

measurements.

Socio-demographic and neurological factors

Sex P=0.387

Injury level
*1 P=0.877

AIS P=0.670

Risk assessment scales

Lifestyle related factors

Average time per day

spent in a wheelchair

12.2±4.6 15.2±2.4 P=0.002

The number of

pressure relief

maneuvers (per hour)

P=0.664

Number of baths per

week

3.5±2.3 5.1±2.2 P=0.012

Skin monitoring at

least once a week
P=0.359

P=0.0002.5±1.41.3±0.6

Knowledge of pressure

relief methods (number

of methods known)
*3

Pressure measurement



Average pressure

(mmHg)
26.6±8.8 30.6±14.0 P=0.235

*4: The area with a pressure greater than 5 mmHg

*3: We asked the subjects an open-ended question: "What kind of pressure relief

methods do you know?" and they freely described to us the pressure relief methods that

they were familiar with. These included lifting up, leaning their trunk (to the front, side,

and back), changing their posture, crossing their legs, returning to bed, and using a

stand up wheelchair.

*2:Significantly different subscale: age (P=0.004), albumin or total protein value

(P=0.000), hematocrit or hemoglobin value (P=0.000)

*1: C: cervical, Th: thoracic, L: lumbar

Abbreviation AIS: ASIA impairment scale



β P OR CI

Number of seat

cushions in

possession

2.093 0.006 8.110 1.799-36.571

Average time per day

spent in a wheelchair

0.458 0.004 1.581 1.154-2.166

SCIPUS scores -0.930 0.001 0.395 0.233-0.667

Table 3. Multivariate analysis of lifestyle factors and risk assessment

scale scores strongly associated with pressure ulcer development

β: partial regression coefficient
P: P value, OR: odds ratio, CI: 95% confidence interval
83.3% of variance explained by model
result of Hosmer–Lemeshow test was P=0.089



Category Factors

Average hours spent in a wheelchair

Going to facilities at least once a month

(except for the office or school)
Number of baths per week

Driving themselves

Number of wheelchairs in use

Number of cushions in use

Number of cushions possessed

Knowledge of pressure relief techniques

Table 4. Classification of eight factors that significantly differed between

groups

Active lifestyle

Information about wheelchair

use and pressure relief

techniques



Appendix: SCIPUS (Spinal Cord Injury Pressure Ulcer Scale) 

 

1) Level of activity 0[  ] ambulatory 

 1[  ] wheelchair 

 4[  ] bed 

2) Mobility 0[  ] full 

 1[  ] limited 

 3[  ] immobile 

3) Complete SCI 0[  ] no 

 1[  ] yes 

4) Urine incontinence or constant moistness 0[  ] no 

 1[  ] yes 

5) Autonomic dysreflexia or severe spasticity 0[  ] no 

 1[  ] yes 

6) Age (years) 0[  ] ≤34 

 1[  ] 35-64 

 2[  ] ≥65 

7) Tobacco use/smoking 0[  ] never 

 1[  ] former 

 3[  ] current 

8) Pulmonary disease 0[  ] no 

 2[  ] yes 

9) Cardiac disease 0[  ] no 

 1[  ] yes 

10) Blood glucose levels: > 110mg/dl 0[  ] no 

 1[  ] yes 

11) Renal disease 0[  ] no 

 1[  ] yes 

12) Impaired cognitive function 0[  ] no 

 1[  ] yes 

13) In a nursing home or hospital 0[  ] no 

 1[  ] yes 

14) Albumin < 3.4 or T. protein < 6.4 0[  ] no 

 1[  ] yes 

15) Hematocrit < 36.0% (hemoglobin < 12.0) 0[  ] no 

 1[  ] yes 

Risk: low 0–2, moderate 3–5, high 6–8, very high 9–25 
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