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SUMMARY

Keywords

Padding the seat of a wheelchair reduces ischial pressure and 
improves sitting comfort
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wheelchair cushion, pressure redistribution, sling seat

In this study, we aimed to examine whether a wheelchair cushion placed directly atop a sling seat or 
deflection of the sling seat compensated by a pad along with the placement of a wheelchair cushion 
changed sitting pressure. Additionally, we examined whether these additions changed sitting comfort. 
For twenty healthy adults who consented to participate, measurements were taken for three types of 
cushions, each with and without padding, under six conditions. The cushion types tested included 
air (cushion A), urethane foam (cushion U), and three-dimensional thermoplastic elastomer (cushion 
T). A pressure distribution measurement equipment was used for the measurements. Following the 
measurement, the comfort of the wheelchair cushion was measured. The ischial area pressure of the 
cushion A pad was significantly lower than that without the pad. Cushions U and T were for ischial 
area pressure with a pad, resulting in a decreasing trend in ischial area pressure with a pad compared 
to that without a pad; however, the difference was insignificant. For all cushions, sitting comfort was 
significantly better in all groups with padding than in those without. In conclusion, ischial pressure can 
be dispersed by placing a pad on the seat surface of a wheelchair cushion, and pads were suggested to 
improve sitting comfort for all cushions.

1. Introduction

Pressure ulcers occur when soft tissues are compressed 
between the bony prominence and external surface for 
a prolonged period or when blood flow is obstructed by 
external forces such as misalignment (1). Although some 
studies have posited pressure ulcers as preventable, their 
incidence remains high (2-4). In addition, when pressure 
ulcers develop, long-term treatment is required before 
healing, resulting in significant medical and economic 
losses (5-7).
 Pressure ulcers are more common in wheelchair users 
who are at long-term risk of developing these sores (8). 
When an individual sits in a wheelchair, external forces 
are concentrated on the bony prominences of the ischium 
and tailbone, increasing the risk of pressure ulcers 
(8). Thus, wheelchair users should remove external 
forces every 15-30 min (9); however, individuals of 
advanced age have difficulty removing external forces 

by themselves. Therefore, the pressure ulcer prevention 
guidelines recommend the use of wheelchair cushions 
for pressure ulcer prevention (1,10). We have previously 
reported that the use of wheelchair cushions enables 
pressure dispersion (11).
 However, because the seat of a wheelchair is 
a sling, deflection of its surface is prone to occur, 
contributing to pelvic tilt, which in turn increases local 
pressure and leads to pressure ulcers (12). In addition, 
because the level of seat deflection of a wheelchair 
varies from model to model, wheelchair cushions 
cannot accommodate all deflections, and the effect of 
seat pressure dispersion of the wheelchair cushion is 
reduced by half. In our previous study, the pressure 
dispersion effect of wheelchair cushions with padding to 
compensate for deflection was high (11). Another study 
evaluated the insertion of a pad under the wheelchair 
cushion, referred to as the "pelvic well pad" study (13). 
In that study, researchers created and inserted a pad with 
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the ischial area cut off and reported a decrease in the 
mean and peak pressures and an increase in the contact 
area in the buttocks and thighs. These results suggest that 
inserting a pad that compensates for the deflection under 
a wheelchair cushion can increase sciatic pressure and 
contribute to the prevention of pressure ulcers.
 Therefore, in this study, we aimed to examine 
whether sitting pressure changes when a wheelchair 
cushion is placed directly on top of a sling seat or when a 
pad and a wheelchair cushion compensate the deflection 
of the sling seat is placed on top of the sling seat. 
Additionally, we examined whether there was a change 
in sitting comfort with and without a pad.

2. Materials and Methods

2.1. Participants

The number of participants in this study was calculated 
using the G Power software. Based on a previous study 
(11), with an effect size of 0.7, an alpha error of 0.05, 
and a power of 0.8, the required sample size was 19. 
Therefore, 20 participants were included in this study, 
after excluding those who withdrew consent and those 
with missing data. The inclusion criteria for this study 
were a sitting girdle width of 34–40 cm and a sitting 
base length of 41–49 cm. In contrast, the exclusion 

presence of back or lower limb disease. The final sample 
included 20 healthy adults (10 male and 10 female).

2.2. Ethics

This study was conducted in accordance with the 
Declaration of Helsinki. Its purpose and significance 
were fully explained to all participants, who all provided 
their signatures on a consent form before the study. 
This study was approved by the Ethics Committee of 
Naragakuen University (approval number/ID 3-R003).

2.3. Devices and equipment used

A CONFORMat (Nitta Corp., Osaka, Japan) was used 

to measure body pressure, which is a sensor mat with 
previous testing for reliability and validity (11,14-16). 
The specifications of the sensor sheet were as follows: 
depth, 471 mm × width, 471 mm; 1024 sensors (32 rows 
× 32 columns); thickness of 1.8 mm, and a resolution 
of 14.7 mm. A standard wheelchair (MATSUNAGA 
MANUFACTORY Co., Ltd., Tokyo, Japan) was used. 
Three types of cushions were tested: an air material 
(ROHO; Permobil Co., Ltd., Västernorrland Sweden: 
single-valve low-profile air material, 40.5 × 43 × 5.5 
cm: cushion A), urethane foam material (Moderate 
cushion; LAC Healthcare Ltd., Osaka, Japan: special 
urethane material, 40 × 40 × 6 cm: cushion U), and a 
three-dimensional (3D) thermoplastic elastomer material 
(Geltron; Pacific wave Co., Ltd., Japan: 3D thermoplastic 
elastomer material, 38 × 38 × 3.5 cm: cushion T). The 
seat deflection was measured beforehand, and urethane 
foam pads were prepared to match the deflection.

2.4. Measurements

Measurements were taken for the three cushion types, 
each with and without padding, under six conditions. 
After the participant's seated lower leg length was 
measured and foot support was adjusted, they were 
assessed for 5 min without a wheelchair cushion to 
determine the reference value. The order of the six 
conditions was randomly assigned using the envelope 
method. The participants then sat in a wheelchair in the 
assigned order, and the position of the ischial region was 
identified. The measurement position was taken with 
the pelvis positioned as far back in the seat as possible, 
and the seat and thighs were positioned horizontally. The 
feet were placed on footrests, and both upper limbs were 
positioned on the thighs instead of the arm supports. 
Measurements were taken after the sitting pressure 
stabilized (after approximately 5 min) for 10 min. After 
the measurement, the sitting comfort of the wheelchair 
cushion was measured using a numerical rating scale 
(NRS). Using the NRS, the participants were then 
instructed to rate their sitting comfort on a scale of 10, 
with 10 being "very poor" and 0 being "very good and 
comfortable." When the state of sitting comfort without 
the standard cushion was set to 10 (very poor), the 

315

Figure 1. Measuring and padding wheelchair seat deflection. (A) Measurement of wheelchair seat deflection. Wheelchair (B) with deflection 
compensation pad and (C) without deflection compensation pad.
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of wheelchair cushions for wheelchair users decreases 
sciatic pressure ulcers and reduces the risk of pressure 
ulcers (1,10), these devices should be used to reduce 
and prevent ischial pressure ulcers. However, as the seat 
surface of a wheelchair is a sling, deflection occurs and 
is believed to reduce the performance of the wheelchair 
cushion. In a previous study, Shin et al. reported that 
padding the seat surface reduces peak pressure (13). 
However, adding a seat surface increases ischial pressure 
(18). Therefore, unlike the previous study, this research 
was conducted with a pad placed on the seat surface of a 
wheelchair following the deflection of the seat surface. 
Consequently, ischial pressure was significantly reduced 
when the wheelchair cushion was used with padding 
compared with when it was used without padding; 
however, no significant reduction was observed in 
cushions U and T, the effect sizes were high (cushion 
U), and medium (cushion T) and ischial pressure tended 
to decrease. In our previous wheelchair cushion study, a 
hybrid-type wheelchair cushion was padded, resulting in 
lower ischial pressure (11). Although the ischial pressure 
was shown to increase in a study by Kamegaya et al. (18), 
this may have been due to different materials. Wood was 
used in their study, whereas urethane was used in ours. 
It is possible that the urethane foam material dispersed 
the pressure while compensating for the deflection as 
it is a porous material used for cushions (19). Based on 
the aforementioned findings, placing a pad on the seat 
surface of a wheelchair when using a wheelchair cushion 
can reduce the ischial pressure ulcer pressure and 
contribute to the prevention of pressure ulcers.
 Regarding seating comfort, the three cushions had the 
following values: cushion U (without pad, 5.0 ± 1.1; with 
pad, 4.1 ± 0.9), cushion T (without pad, 5.1 ± 0.9; with 
pad, 4.0 ± 0.6), and cushion A (without pad, 5.5 ± 1.0; 
with pad, 4.5 ± 0.8). The sitting comfort was significantly 
better in all groups with padding than in those without 
padding (P < 0.015; cushion U: r = 0.66, effect size, 

participants were instructed to indicate how comfortable 
they felt in the target group. The wheelchair cushion and 
pad were replaced after the NRS score assessment, and a 
5-min break was allowed between measurements.

2.5. Analyses

For assessing pressure at the ischium, the mean value of 
the four sensors around the maximum pressure area (peak 
pressure index) was calculated for each condition. Sciatic 
pressure and NRS scores with and without deflection 
correction in each condition were compared using a 
paired t-test. In addition, 95% confidence intervals and 
effect sizes were calculated. Effect sizes were calculated 
using Field's r to measure the standardized mean 
difference between the two groups, calculated as r =
(t2+df) (17). All analyses were performed using the R 
(version 4.0.3, R Foundation) for Windows. Statistical 
significance was set at a Bonferroni-corrected P < 0.015.

3. Results and Discussion

The ischial area pressures of cushion A were 34.2 ± 6.2 
mmHg without a pad and 31.0 ± 7.1 mmHg with a pad. 
The ischial area pressure with a pad was significantly 
lower than that without a pad (P = 0.0021), and the effect 
size was large (r = 0.63). The ischial area pressures of 
cushion U were 26.4 ± 4.4 mmHg without a pad and 
24.2 ± 5.1 mmHg with a pad, showing a decreasing 
trend in ischial area pressure with a pad compared to 
that without a pad. However, the difference was not 
significant (P = 0.018). However, the effect size was 
large (r = 0.51). The ischial area pressures of cushion 
T were 37.9 ± 8.4 mmHg without a pad and 33.4 ± 8.3 
mmHg with a pad, showing a decreasing trend in ischial 
area pressure with a pad compared to that without a 
pad, but without significant difference (P = 0.031). The 
effect size was moderate (r = 0.47) (Table 1). As the use 

Table 1. Comparison of ischial area pressure with and without a pad

Cushions

U
T
A

Without pad

26.4 ± 4.4 (24.3–28.5)
37.9 ± 8.4 (34.0–41.8)
34.2 ± 6.2 (31.3–37.1)

thermoplastic elastomer material; A, air material.

With pad

24.2 ± 5.1 (21.3–26.6)
33.4 ± 8.3 (29.5–37.3)
31.0 ± 7.1 (27.7–34.3)

P value

   0.018
   0.031
< 0.015

Effect size: r

0.51
0.47
0.63

Table 2. Comparison of seating comfort with and without a pad

Cushions

U
T
A

Without pad

5.0 ± 1.1 (4.5–5.5)
5.1 ± 0.9 (4.7–5.5)
5.5 ± 1.0 (5.0–6.0)

thermoplastic elastomer material; A, air material.

With pad

4.1 ± 0.9 (3.7–4.5)
4.0 ± 0.6 (3.7–4.2)
4.5 ± 0.8 (4.1–4.9)

P value

< 0.015
< 0.015
< 0.015

Effect size: r

0.66
0.88
0.83
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large; cushion T: r = 0.88, effect size, large; cushion A: r 
= 0.83, effect size, large) (Table 2). This result confirmed 
the comfort of the wheelchair seating position using 
pads. Regarding wheelchair seating comfort, Harms 
reported that wheelchair sling seats promoted a kyphotic 
posture and caused neck and back discomfort in able-
bodied and disabled participants (20). Wheelchair sitting 
in a sling seat also promotes scoliosis and poor posture 
(21), which can contribute to deformities (22) and 
increase the risk of neck and back pain due to muscle 
strain (23,24). Therefore, sitting comfort is important. 
This study showed that padding compensated for the 
deflection and increased the contact area of the buttocks 
to maintain a stable posture, resulting in significantly 
better seating comfort for all cushions. This suggests 
using pads to compensate for the deflection and improve 
sitting comfort.
 Nevertheless, this study has some limitations. First, 
the participants were healthy. Therefore, in the future, we 
would like to conduct studies on older individuals with 
atrophied gluteal muscles and patients with spinal injuries 
to confirm the prevention of pressure ulcers. Second, 
the sitting time was approximately 10 min. Wheelchair 
users are forced to sit for long periods. Therefore, it is 
necessary to observe changes in ischial pressure and 
sitting comfort when sitting for long periods. Third, only 
ischial pressure was measured as an external force in 
this study. Because the external force can be misaligned, 
we believe that verifying misalignment is also necessary 
in the future. In conclusion, ischial pressure can be 
dispersed by placing a pad on the seat surface of the air 
material. Although no significant pressure-reducing effect 
was observed for the urethane and 3D thermoplastic 
elastomer material cushions, a pressure-reducing effect 
was confirmed. In addition, the pads improved the sitting 
comfort of all the cushions.
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A 
pressure ulcer (PU) is a localised injury to 
the skin and/or underlying tissue, usually 
over a bony prominence, resulting from 
sustained pressure and shear,1 which 
increases the medical burden of the ageing 

population worldwide.1 There are reportedly three 
million people with PUs in the US; moreover, 5–15% of 
hospitalised patients have PUs.2 A systematic review has 
further reported a high incidence of PU management in 
Europe, Asia, and the US.3 Similarly, PU prevalence in 
Japan is high; a cross-sectional study in a rural 
community in Japan found that PUs occurred in 2.03% 
of individuals aged >65 years and in 4.46% of those 
aged >80 years.4 Moreover, PUs are observed in various 
care environments in Japan, where their prevalence 
(according to the fourth report of The Japanese Society 

for Pressure Ulcers Homecare Committee reporting on 
findings from the 2016 fiscal year) was 2.13% in 
hospitals, 1.07% in long-term healthcare facilities, and 
1.68% in home dwellers who used home-visit nursing 
services.5 

In ageing societies, such as that in Japan, the 
treatment of PUs is becoming more urgent. The delay 
of PU healing by ineffective care imposes a burden on 
patients, the families and care workers, both physically, 
psychologically and economically.6 Therefore, besides 
epidemiological studies of PUs, effective and efficient 
prevention and treatment of such lesions are needed; 
however, little information on effective prevention and 
treatment methods is currently available.

Wound cleaning is recommended and conducted in 
clinical conditions as part of standard of care, as well as 
nutrition management, interface pressure relief, 
repositioning and topical therapy.1 The ‘Prevention and 
Treatment of Pressure Ulcers/Injuries: Quick Reference 
Guide 2019’ assigned a ‘weak positive: probably do it’ 
recommendation (strength of evidence category B1) for 
cleaning PUs,1 suggesting increasing recognition of the 
clinical importance of wound cleaning. Wound cleaning 
is recommended to remove components that delay 
healing, such as exudate, pus, necrotic tissue, residual 
drug and bacteria;7 bacterial count on PUs has been 
reported to be significantly reduced by wound cleaning.8 
Hence, frequent wound cleaning could be a favourable 
intervention to reduce wound contamination and 
promote PU healing. However, the frequency of wound 
cleaning is determined by the expert opinion of the 

https://doi.org/ 
10.12968/jowc. 
2021.0152

Relationship between cleaning 
frequency and pressure ulcer healing 
time in older people receiving home care

Objective: The relationship between the healing time of pressure 
ulcers (PUs) and wound cleaning frequency among older people in 
homecare settings was investigated.
Method: This single-centre, prospective cohort study was 
conducted from April 2018 to March 2019. Patients who used 
home-visit nursing services, had National Pressure Ulcer Advisory 
Panel classification stage 2 PUs, and had their wounds cleaned at 
least twice a week were enrolled in the study. Wound cleaning was 
performed using tap water and a weakly acidic cleanser. 
Participants were divided into two groups, determined by the 
frequency of wound cleaning (twice weekly versus ≥3 times 
weekly). Duration of PU healing and the increase in care insurance 

premiums were compared in both groups.
Results: A total of 12 patients were included in the study. The mean 
healing period of PUs cleaned ≥3 times per week (65.3±24.8 days) was 
significantly shorter than that of PUs cleaned twice a week (102.6±19.2 
days; p<0.05). Furthermore, the increase in care insurance premiums 
for PUs cleaned ≥3 times per week (¥122,497±105,660 Yen per six 
months) was significantly lower than that for PUs cleaned twice a week 
(¥238,116±60,428 per six months) (p<0.05). 
Conclusion: Our results suggest that frequent cleaning of PUs by 
health professionals in homecare settings not only shorten PU healing 
period but also reduces care insurance premiums for PU care.
Declaration of interest: The authors have no conflicts of interest.

home-visit nursing services ● nursing care ● older people ● pressure ulcer ● wound ● wound care ● wound dressing ● 

wound healing ● wound irrigation
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treating physician/clinician or by the times of wound 
dressing changes.9 As for the evidence, some studies 
focusing on the therapeutic impact of wound 
cleaning using particular solutions or techniques have 
been undertaken;10–12 however, no published study 
evaluated the effect of cleaning frequency on the 
healing period in PUs.

A home-visit nursing station is a facility that provides 
nursing and care services to individuals with a disease 
or disability living at home, in order to promote their 
independence and help with their recuperation. It is 
staffed by several medical professionals, including 
nurses and physical therapists (PTs), as well as caregivers. 
Individuals who receive care services from home-visit 
nursing stations in Japan should have their PUs cleaned 
by visiting nurses or their family members. 

Japanese medical and care insurance allows nurses to 
make frequent visits to treat ‘pressure ulcers beyond the 
dermis’ according to current instructions.13 However, 
for PUs that remain in the dermis, or which are NPUAP 
classification14 stage 2 or lower, frequent treatment by 
home-visit nurses can be challenging owing to caps set 
in Japanese medical and care insurance. According to 
the fourth report of The Japanese Society for Pressure 
Ulcers Homecare Committee,5 50.6% of the ulcers 
treated at home were of NPUAP classification stage 2 or 
lower. Therefore, there appear to be many home 
dwellers with PUs not frequently cleaned by home-visit 
nurses, which in turn may delay the healing of these 
lesions. 

Physical therapists (PTs) can also perform wound 
cleaning and Japanese medical and care insurance allow 
them to undertake home visits. Therefore, 
wound  cleaning frequency can be increased via the 
participation of a PT; this could form the basis of an 
experimental model to compare the effects of wound 
cleaning frequencies. 

In this study, we conducted a single-centre, 
prospective observational study at a home-visit nursing 
station where PTs can undertake homecare to increase 
wound cleaning frequency. The aim was to obtain 
preliminary evidence to support development of a 
large-scale multicentre trial. The relationship between 
the frequency of cleaning and the PU healing period 
was investigated, and the importance of frequent 
wound cleaning by medical staff in the homecare 
setting is proposed.

Methods
Study design and setting 
A single-centre, prospective, observational, cohort pilot 
study was conducted to investigate the effects of 
cleaning frequency on the early healing of PUs. This 
study was performed in a home-visit nursing station in 
Hyogo, Japan, between April 2018 and March 2019. 

Ethical approval and patient consent  
This study complied with the principles of the 
Declaration of Helsinki regarding investigations in 

human subjects and was approved by the Nara Gakuen 
University (approval number 31-034). Written informed 
consent was obtained from each patient before 
home-visit nursing service intervention. Participants 
also provided signed informed consent regarding the 
publishing of their data (non-identifiable).

Population and sample 
Individuals with PUs receiving services from the 
home-visit nursing station were enrolled. Individuals 
who had NPUAP classification stage 2 PUs and had their 
wounds cleaned at least twice a week by nurses or PTs 
dispatched from the station were included. 

The participants were assigned to two groups, 
depending on the number of PU cleaning sessions they 
received each week: 

 ● ‘2-times group’: participants whose PUs had been
cleaned twice a week by home-visit nurses

 ● ‘≥3-times group’: participants who had received
additional wound cleaning at least once a week by
home-visit PTs in addition to the wound cleaning
performed by the nurses.
This allocation depended on the care plans, content,

dates and times of services available under the 
long-term care insurance coordinated for each 
individual by their care manager. Participants with PUs 
whose care plan included the need for physical therapy 
were allocated to the ‘≥3-times group’, as this allowed 
for additional cleaning by the PTs, while those who did 
not require physical therapy were allocated to the 
‘2-times group’. 

Individuals who experienced changes in their general 
health condition or in the management of their PUs 
during the observational period were excluded. 

Wound cleaning
In this study, participants’ PUs were cleaned by nurses 
or PTs from the home-visit station, in addition to the 
participants’ families. PTs who conducted wound 
cleaning in this study had received postgraduate 
training by the Japanese Physical Therapy Association 
and from the nurses certified in wound, ostomy and 
continence. In this study, wound cleaning was 
performed using tap water and a commercially 
available and weakly acidic cleanser (Biore U, Kao, 
Japan) was used. 

Several studies have reported that using tap water for 
wound cleaning is comparable in safety and cleaning 
efficacy to sterile saline solution.15–17 Therefore, in this 
study, tap water was used for cleaning because of its 
easy availability at home and cost-effectiveness. 
Moreover, since using a cleanser shortened the healing 
time of NPUAP stage 2 PUs compared to saline 
solution,18 a cleanser was used for wound cleaning in 
this study. Previous studies have reported that the pH 
of the cleanser should avoid alkalinity,19 and that 
wound cleaning with a weakly acidic cleanser 
contributes to keeping the wound clean.20 Therefore, 
a weakly acidic cleanser was used in this study.
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Data collection
We collected information on the age, sex, height, body 
weight, body mass index (BMI), and the number of 
home visits by nurses and PTs from the medical records 
of participants with PUs during the observation period. 
At the beginning of the observation, care level was 
evaluated for each participant, as determined by the 
Certification Committee of Needed Long-Term Care in 
Japan.21 The degree of independence (degree of being 
bedbound) of older participants with a disability in 
performing activities of daily living was also evaluated 
for each participant at the beginning of the observation 
period. The degree of being bedbound comprises criteria 
developed by the Ministry of Health and Welfare, now 
Ministry of Health, Labor and Welfare, in Japan.22 

DESIGN-R, a clinical wound evaluation scale for the 
chronological monitoring of individual PUs, developed 
by the Scientific Education Committee of the Japanese 
Society of Pressure Ulcers,23,24 was used to score the 
severity of the PUs at the start of the follow-up period.  
DESIGN-R reflects the following seven conditions of 
PUs: depth; exudate; size; inflammation/infection; 
granulation tissue; necrotic tissue; and pockets.25 

Serum albumin levels were used as an indicator of 
nutritional status and were obtained from biochemical 
data collected at the start of follow-up. Healing periods 
were calculated from the start of follow-up until the PU 
healed, with the number of days it took to heal 
compared between factors. Moreover, we investigated 
the increase in care insurance premiums associated with 
a greater number of home-visit services due to PU care 
in order to compare financial burdens before and at six 
months after PU development. The effects of the 
number of wound cleaning sessions on PU healing 
period and the increase in care insurance premiums 
associated with PU care were examined.

Statistical analysis
Data are expressed as means±standard deviations. 
Statistical analysis was performed using EZR (Saitama 
Medical Center, Jichi Medical University, Japan).26 

Significant differences in the healing period as a function 
of sex, underlying diseases, care level, degree of being 
bedbound, PU location, and number of wound cleaning 
sessions were analysed using unpaired Student’s t-tests. 

Pearson r correlation coefficients were calculated 
between healing period and age, height, body weight, 
body mass index, albumin level and total DESIGN-R 
score. Significant differences in cleaning frequencies 
(2  times versus ≥3 times) categorised by age, height, 
body weight, BMI, albumin level and total DESIGN-R 
score were analysed using unpaired Student’s t-tests. 
Differences categorised by sex, underlying diseases, care 
level, degree of being bedbound and PU location were 
analysed using Chi-squared tests. The healing rates of 
PUs categorised by degree of being bedbound or 
cleaning frequency were analysed using Kaplan–Meier 
curves and compared with log-rank tests. 

Differences in the amounts of care insurance 

premium increases due to home-visit PU care were 
analysed using unpaired Student’s t-tests. Normality of 
distributions was confirmed via the Shapiro–Wilk test 
for all data. P-values of <0.05 were considered to be of 
statistical significance.

Results
Of the 26 individuals enrolled in the study, 12 completed 
the follow-up. Of the 14 excluded individuals: nine had 
a NPUAP classification stage 1 PU; and two had stage 3 
PUs. The remaining three individuals met the inclusion 
criteria but did not complete the follow-up owing to 
changes in their health condition, nutritional 
management or wound care management. 

Of the participants (n=12), five were assigned to  
the ‘2-times group’ and the remaining seven to the 
‘≥3-times group’.  

The characteristics of the study participants are listed 
in Table 1. The participants included four males and 
eight females, mean age 78.2±5.8 years. Underlying 
conditions included: cerebral infarction sequelae (n=5); 
Parkinson’s disease (n=3); lumbar spine compression 
fractures (n=2); and rheumatoid arthritis (n=2). With 
respect to care, one participant required care level 3, 
three required care level 4, and the remaining eight 
participants required care level 5. All participants were 
grade ‘C’ in terms of their degree of being bedbound 
(spending all day in bed and requiring assistance with 
toileting, eating and changing clothes); five participants 
were C1 (able to turn over on their own), and the 
remaining participants were C2 (unable to turn over on 
their own). The PUs were located on the sacral (n=9), 
sciatic (n=2) and thoracic (n=1) regions. The total 
DESIGN-R score for each individual ranged from 5–12.

Comparison of the number of days to heal relative to 
each assessed parameter is shown in Table 2. The 
healing period of PUs in the ‘≥3-times group’ was 
significantly shorter than that in the ‘2-times group’ 
(65.3±24.8 days versus 102.6±19.2 days, respectively; 
p<0.01). No significant effect on the healing period was 
observed with other factors (Table 2). 

Differences in the assessed parameters between 
different cleaning frequency groups are shown in 
Table 3. There were no significant differences between 
the two groups in age, sex, height, body weight, BMI, 
serum albumin level, underlying disease, care level, PU 
location or total DESIGN-R score at the start of follow-up 
(Table 3). Although the degree of being bedbound in the 
‘≥3-times group’ was significantly lower than that in the 
‘2-times group’ (Table 3), this difference did not 
influence the healing period of PUs (log-rank p=0.584; 
Fig 1). The benefit of a shorter healing period in the 
‘≥3-times group’ was also confirmed via Kaplan–Meier 
and log-rank analyses, indicating a significant 
acceleration of wound healing following additional 
cleaning by PTs (log-rank test p=0.00832; Fig. 2). 

Finally, the increase in long-term care insurance 
premiums due to care for PUs in the ‘≥3-times group’ 
was significantly lower than in the ‘2-times group’ 
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Table 1. Characteristics of the 12 study participants

Patient Sex Age, 
years

BMI, 
kg/m2

Albumin, 
g/dl

Underlying 
disease

Care 
level

Degree of 
being 
bedbound

PU 
location

Total 
DESIGN-R score

Nurse 
visits, 
n

PT 
visits, 
n

1 Female 72 16.9 3.3 Rheumatoid 
arthritis

3 C1 Ischium 5 (d2/e1s3ilg0n0) 2 0

2 Male 84 16.7 3.1 Parkinson’s 
disease

5 C2 Sacrum 5 (d2/e1s3ilg0n0) 2 1

3 Male 71 17.4 3.1 Sequelae of 
cerebral 
infarction

5 C1 Sacrum 5 (d2/e1s3ilg0n0) 2 0

4 Female 72 17.1 3.4 Lumbar 
compression 
fracture

5 C2 Sacrum 8 (d2/e1s6ilg0n0) 2 2

5 Female 81 14.6 2.8 Parkinson’s 
disease

5 C2 Sacrum 12 (d2/e3s8ilg0n0) 2 2

6 Male 80 17.4 3.0 Parkinson’s 
disease

4 C1 Sacrum 5 (d2/e1s3ilg0n0) 2 1

7 Female 73 16.4 2.9 Rheumatoid 
arthritis

5 C2 Sacrum 8 (d2/e1s6ilg0n0) 2 0

8 Female 86 17.5 3.4 Sequelae of 
cerebral 
infarction

4 C1 Sacrum 7 (d2/e3s3ilg0n0) 2 0

9 Female 82 15.8 3.0 Sequelae of 
cerebral 
infarction

5 C2 Sacrum 8 (d2/e1s6ilg0n0) 2 1

10 Female 87 15.1 2.9 Lumbar 
compression 
fracture

5 C2 Sacrum 10 (d2/e3s6ilg0n0) 2 1

11 Male 76 18.0 3.1 Sequelae of 
cerebral 
infarction

5 C2 Thoracic 
vertebrae

10 (d2/e3s6ilg0n0) 2 2

12 Female 74 17.1 3.0 Sequelae of 
cerebral 
infarction

4 C1 Ischium 5 (d2/e1s3ilg0n0) 2 0

BMI—body mass index; C1—patient able to turn over on their own; C2—patient unable to turn over on their own; DESIGN-R—depth, exudate, size, inflammation/infection, granulation 
tissue, necrotic tissue, and pockets; PT—physical therapist

(¥122,497±105,660 versus ¥238,116±60,428, 
respectively; p<0.05). 

Discussion 
This study found that participants in the ‘≥3-times 
group’ experienced significantly faster healing than 
those in the ‘2-times group’. In contrast, there were no 
differences between the two groups in the total 
DESIGN-R score or individual characteristics. These 
results indicate that a higher frequency of cleaning by 
health professionals lead to a shorter healing period. 

In this study, the participants’ PUs had a score of 1 on 
the DESIGN-R: inflammation/infection item (where the 
wound surface had signs of inflammation). Although 
we failed to quantify the number and type of bacteria 
in this study, bacterial activity may be indicated and 
might affect wound healing, as evidenced by the 
inflammatory condition because of the inflammatory 

condition. PUs with inflammation are recommended to 
be cleaned frequently with a large amount of water.27 As 
for the effect of cleaning on bacteria involved in wound 
inflammation, wound cleansing, whether using saline8 
or cleanser,20 reduces the number of bacteria on PUs. 
However, the effect on bacteria reduction returns to the 
pre-cleaning state within 24 hours. Therefore, even 
when a cleanser is used, reducing the interval between 
cleaning episodes is likely to reduce wound bacterial 
load. Therefore, PUs in the ‘≥3-times group’, in which 
the wounds were cleaned frequently by health 
professionals in addition to family members, is 
presumed to have reduced bacterial growth in the 
wound and accelerated the wound healing. To clarify 
the mechanism by which frequent cleaning promotes 
wound healing, the effect of cleaning frequency on PU 
bacterial count should be examined in the future. 

This study also examined the increase in care 
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Table 2. Comparison of the number of days to heal a pressure ulcer for each factor

Factor Days to heal p-value

Age, years r= –0.30 NS

Sex, male/female, mean±SD 73.0±37.0/82.5±27.9 NS

Height, cm r= –0.30 NS

Body weight, kg r= –0.36 NS

Body mass index, kg/m2 r= –0,17 NS

Albumin level, g/dl r= –0.29 NS

Underlying disease (cerebral infarction/other), mean±SD 87.8±21.0/73.3±35.2 NS

Care level (5/3 and 4), mean±SD 81.0±35.3/76.0±18.5 NS

Degree of being bedbound (C1/C2), mean±SD 85.6±26.8/74.9±33.2 NS

Pressure ulcer location (sacrum/other), mean±SD 82.0±32.1/74.0±28.5 NS

Total DESIGN-R score r= –0.01 NS

Number of cleanings per week (2 times/≥3 times), mean±SD 102.6±19.2/65.3±24.8 <0.01

C1—patient able to turn over on their own; C2—patient unable to turn over on their own; NS—not significant; r—Pearson r correlation coefficients; SD—standard 
deviation. Differences in the number of days to heal by sex, underlying disease, care level, degree of being bedbound, pressure ulcer location, and the number of 
cleanings per week were analysed using unpaired Student’s t-tests. Relationships between healing period and age, height, body weight, body mass index, 
albumin level and total DESIGN-R (depth, exudate, size, inflammation/infection, granulation tissue, necrotic tissue, and pockets) score were analysed using 
Pearson r correlations

insurance premiums over six months following 
home-visit services conducted for PU care. The treatment 
of PUs accounts for 4% of public health care costs in the 
UK, with 41% of these costs associated with nurse care.28 

It was also reported that the annual prevalence of 
wounds increased by 71% between 2012/13 and 
2017/18, and that resource use increased significantly 
during this period, with patient management costs 

increasing by 48% in real terms.29 Additionally, it has 
been reported that the cost of nursing care increases 
with the severity of the PU,30 and that, in Japan, having 
a PU may result in an increase in economic loss.31 Based 
on the previous findings, we predicted that the 
occurrence of PUs in home-care settings would increase 
the frequency of home-visit services for wound 
management. Surprisingly, however, our results showed 

Table 3. Differences in assessed parameters between different cleaning frequencies

Number of wound cleanings per week

Factor 2 times ≥3 times p-value

Age, years, mean±SD 75.2±6.4 80.3±5.0 NS

Sex, male/female, n 1/4 3/4 NS

Height, cm, mean±SD 152.2±4.3 157.0±6.0 NS

Body weight, kg, mean±SD 39.6±3.0 40.6±5.5 NS

Body mass index, kg/m2, mean±SD 17.1±0.4 16.4±1.3 NS

Albumin level, g/dl, mean±SD 3.1±0.2 3.0±0.2 NS

Underlying disease (cerebral infarction/other), n 3/2 2/5 NS

Care level (5/3 and 4), n 4/1 4/3 NS

Degree of being bedbound (C1/C2), n 4/1 1/6 <0.01

Pressure ulcer location (sacrum/other), n 3/2 5/2 NS

Total DESIGN-R score, mean±SD 6.0±1.4 8.3±2.6 NS

C1—patient able to turn over on their own; C2—patient unable to turn over on their own; NS—not significant; SD—standard deviation. Age, height, body weight, 
body mass index, albumin level, and total DESIGN-R (depth, exudate, size, inflammation/infection, granulation tissue, necrotic tissue, and pockets) score were 
analysed using unpaired Student’s t-tests. Sex, underlying disease, care level, degree of being bedbound, and pressure ulcer location were analysed using 
Chi-squared tests  
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Fig 1. Comparison of the number of days required for healing between 
participants with degree of being bedbound of C1 versus C2. C1— 
patient able to turn over on their own; C2—patient unable to turn over on 
their own  
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Fig 2. Comparison of the number of days required for healing according 
to cleaning frequency  
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that the total care insurance premium for the ‘≥3-times 
group’ was approximately half of that for the ‘2-times 
group’. This may be because PUs healed faster owing to 
additional cleaning by PTs which, in turn, led to a 
shorter period of PU treatment-specific home-visit 
services. Our data indicated that the participation of PTs 
in home-visit rehabilitation and wound-cleaning efforts 
for those with PUs could lead to a reduction in care 
insurance premiums. 

In this study, the degree of being bedbound was 
associated with the frequency of PU cleaning. Since 
additional cleaning was performed during the PT’s 
home visit, it was posited that the degree of being 
bedbound might influence the number of visits required 
by the PT, creating a confounding factor in terms of the 
number of wound cleanings performed. However, 
because the degree of being bedbound did not affect the 
healing period of wounds, only the increased number 
of cleanings was associated with faster healing. As such, 
these data showed that increasing the number of 
cleanings by multiple health professionals promoted PU 
wound healing among home dwellers regardless of their 
degree of being bedbound.

Limitations
This study was conducted as a pilot study for a future 
multicentre, large-scale study and, therefore, has some 
limitations. Only univariate statistical analyses were 
performed owing to the small sample size. Additionally, 
since this study examined the effect of frequency of 
wound cleaning on the healing period in stage 2 PUs 
and could not examine the effect on slough and biofilm, 
the results cannot be generalised to other stages of PUs. 
Furthermore, since additional cleanings were performed 
only by home-visit PTs, we did not determine the effects 
of additional wound cleaning by home-visit nurses.

Conclusions
Our study findings suggest that the PU healing period 
among older people with PUs in the home-care setting 
may be shortened by frequent cleaning performed by 
health professionals. As such, health professionals who 
provide home-visit services need to actively participate 
in wound cleaning. Based on the results of this pilot 
study, further larger, multicentre studies are expected to 
be conducted to evaluate the effect of cleaning frequency 
on the healing period of PUs in home-care settings. JWC

 Availability of data and materials
The datasets used and/or analysed during the current study are available 
from the corresponding author on reasonable request.

References
1 European Pressure Ulcer Advisory Panel, National Pressure Injury 
Advisory Panel, and Pan Pacific Pressure Injury Alliance. Prevention and 
treatment of pressure ulcers/injuries: quick reference guide. Haesler E (ed). 
EPUAP/NPIAP/PPPIA 2019. https://internationalguideline.com/2019 
(accessed 25 April 2024)
2 Mervis JS, Phillips TJ. Pressure ulcers: pathophysiology, epidemiology, 
risk factors, and presentation. J Am Acad Dermatol 2019; 81(4):881–890. 
https://doi.org/10.1016/j.jaad.2018.12.069  
3 Hahnel E, Lichterfeld A, Blume-Peytavi U, Kottner J. The epidemiology 

of skin conditions in the aged: a systematic review. J Tissue Viability 2017; 
26(1):20–28. https://doi.org/10.1016/j.jtv.2016.04.001  
4 Nakashima S, Yamanashi H, Komiya S et al. Prevalence of pressure 
injuries in Japanese older people: a population-based cross-sectional 
study. PLoS One 2018; 13(6):e0198073. https://doi.org/10.1371/journal.
pone.0198073  
5 Japanese Society of Pressure Ulcers Homecare Committee. The 4th 
report by the Japanese Society of Pressure Ulcers Survey Committee. 
Japanese Journal of Pressure Ulcers 2018; 20:446–485  

59



4 2 4 J O U R N A L  O F  W O U N D  C A R E V O L  3 3 ,  N O  6 ,  J U N E  2 0 2 4

©
 2

02
4 

M
A

 H
ea

lth
ca

re
 L

td

research

6 Gorecki C, Brown JM, Nelson EA et al.; European Quality of Life 
Pressure Ulcer Project group. Impact of pressure ulcers on quality of life in 
older patients: a systematic review. J Am Geriatr Soc 2009; 57(7):1175–
1183. https://doi.org/10.1111/j.1532-5415.2009.02307.x  
7 Rodeheaver GT, Ratliff CR. Wound cleansing, wound irrigation, wound 
disinfection. In: Krasner Dl, Rodeheaver GT, Sibbald RG (eds). A clinical 
source book for healthcare professionals. HMP Communications, 2007
8 Oura T, Iwasawa A, Kiryu M et al. Effect of cleansing by physiological 
saline on bacterial counts of pressure ulcer. Japanese Journal of Pressure 
Ulcers 2007; 9:183–191
9 Moore Z, Cowman S. A systematic review of wound cleansing for 
pressure ulcers. J Clin Nurs 2008; 17(15):1963–1972. https://doi.
org/10.1111/j.1365-2702.2008.02381.x  
10 Griffiths RD, Fernandez RS, Ussia CA. Is tap water a safe alternative to 
normal saline for wound irrigation in the community setting? J Wound Care 
2001; 10(10):407–411. https://doi.org/10.12968/jowc.2001.10.10.26149  
11 Bellingeri R, Attolini C, Fioretti O et al. Evaluation of the efficacy of a 
preparation for the cleansing of cutaneous injuries. Minerva Med 2004; 
95(Suppl):1–9
12 Ho CH, Bensitel T, Wang X, Bogie KM. Pulsatile lavage for the 
enhancement of pressure ulcer healing: a randomized controlled trial. Phys 
Ther 2012; 92(1):38–48. https://doi.org/10.2522/ptj.20100349  
13 Hori H. [Revision of long-term care and healthcare tariff to promote a 
community-based integrated care system] [in Japanese]. J Natl Inst Public 
Health 2012; 61(2):75–82
14 Edsberg LE, Black JM, Goldberg M et al. Revised National Pressure 
Ulcer Advisory Panel pressure injury staging system: revised pressure 
injury staging system. J Wound Ostomy Continence Nurs 2016; 
43(6):585–597. https://doi.org/10.1097/WON.0000000000000281
15 Resende MM, Rocha CA, Corrêa NF et al. Tap water versus sterile 
saline solution in the colonisation of skin wounds. Int Wound J 2016; 
13(4):526–530. https://doi.org/10.1111/iwj.12470  
16 Bansal BC, Wiebe RA, Perkins SD, Abramo TJ. Tap water for irrigation 
of lacerations. Am J Emerg Med 2002; 20(5):469–472. https://doi.
org/10.1053/ajem.2002.35501  
17 Huang CY, Choong MY, Li TS. Cleansing of wounds by tap water? An 
evidence‐based systemic analysis. Int Wound J 2015; 12(4):493–494. 
https://doi.org/10.1111/iwj.12113  
18 Konya C, Sanada H, Sugama J et al. Does the use of a cleanser on 
skin surrounding pressure ulcers in older people promote healing? J 
Wound Care 2005; 14(4):169–171. https://doi.org/10.12968/
jowc.2005.14.4.26758  
19 Ananthapadmanabhan KP, Moore DJ, Subramanyan K et al. Cleansing 
without compromise: the impact of cleansers on the skin barrier and the 
technology of mild cleansing. Dermatol Ther 2004; 17(Suppl 1):16–25. 
https://doi.org/10.1111/j.1396-0296.2004.04S1002.x  
20 Konya C, Sanada H, Sugama J et al. Skin debris and micro-organisms 
on the periwound skin of pressure ulcers and the influence of periwound 
cleansing on microbial flora. Ostomy Wound Manage 2005; 51(1):50–59  
21 Ministry of Justice. Long-Term Care Insurance Act (Act No.123 of 
1997). Japanese Law Translation. 1997; https://tinyurl.com/4s5wwh8a 

(accessed 25 April 2024) 
22 Ministry of Health, Labor and Welfare. [An official document of Ministry 
Secretariat of Health and Welfare for the Elderly Bureau. Criteria for 
evaluating the degree of independence (degree of ‘bedriddenness’) of 
disabled elderly persons in performing activities of daily living] [in 
Japanese]. 1991. https://tinyurl.com/2wmpf4bk (accessed 25 April 2024)
23 Matsui Y, Furue M, Sanada H et al. Development of the DESIGN‐R with 
an observational study: an absolute evaluation tool for monitoring pressure 
ulcer wound healing. Wound Repair Regen 2011; 19(3):309–315. https://
doi.org/10.1111/j.1524-475X.2011.00674.x  
24 Sanada H, Iizaka S, Matsui Y et al.; Scientific Education Committee of 
the Japanese Society of Pressure Ulcers. Clinical wound assessment 
using DESIGN‐R total score can predict pressure ulcer healing: pooled 
analysis from two multicenter cohort studies. Wound Repair Regen 2011; 
19(5):559–567. https://doi.org/10.1111/j.1524-475X.2011.00719.x  
25 Japanese Society of Pressure Ulcers. DESIGN-R scoring manual 
(English version). https://tinyurl.com/5fc4k6x4 (accessed 25 April 2024)
26 Kanda Y. Investigation of the freely available easy-to-use software 
‘EZR’ for medical statistics. Bone Marrow Transplant 2013; 48(3):452–458. 
https://doi.org/10.1038/bmt.2012.244  
27 Bluestein D, Javaheri A. Pressure ulcers: prevention, evaluation, and 
management. Am Fam Physician 2008; 78(10):1186–1194  
28 Bennett G, Dealey C, Posnett J. The cost of pressure ulcers in the UK. 
Age Ageing 2004; 33(3):230–235. https://doi.org/10.1093/ageing/afh086  
29 Guest JF, Fuller GW, Vowden P. Cohort study evaluating the burden of 
wounds to the UK’s National Health Service in 2017/2018: update from 
2012/2013. BMJ Open 2020; 10:e045253. https://bmjopen.bmj.com/
content/10/12/e045253
30 Dealey C, Posnett J, Walker A. The cost of pressure ulcers in the 
United Kingdom. J Wound Care 2012; 21(6):261–266. https://doi.
org/10.12968/jowc.2012.21.6.261  
31 Kitagawa T, Kimura T. [The influence of complications on rehabilitation 
of spinal cord injuries: economical negative effects and physical 
disadvantages caused by urinary tract infection and decubitus ulcer] [in 
Japanese]. J Nippon Med Sch 2002; 69(3):268–277. https://doi.
org/10.1272/jnms.69.268 

THE PATIENT’S VOICE AND CARE
AND YOUR INTERVENTIONS

HILTON HOTEL, CARDIFF24 JUNE 2024 09:00 - 16:15

HOW THE PATIENTS VOICE HAS BEEN REFLECTED
IN THE LITERATURE AND IN PRACTICE?
Christine Moffat Professor of Nursing (LUF Life President)

A LEG ULCER FORUM CONFERENCE AND EXHIBITION

THE CONCEPT AND IMPORTANCE
OF SELF-MANAGEMENT
Stephanie Lowen National Self Management Specialist

WOUND CARE – A MICROBIOLOGY APPROACH
Greg Williams Microbiologist

Leg Ulcer Forum

supported by

EXHIBITION HOSTED BY OUR SPONSORS:
ESSITY, 3M, B. BRAUN, L&R MEDICAL, 
MEDI,  MÖLNLYCKE, & MANY MORE

BOOK NOW at LEGULCERFORUM.ORG → EVENTS

Reflective questions

• Why is wound cleaning important for pressure ulcer healing
 in homecare settings?

• Does the frequency of wound cleaning by health professionals
 affect pressure ulcer healing in a homecare setting?

• What is the economic effect of frequent wound cleaning by
 health professionals in homecare settings?
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