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Abstract

Background and purpose

Pressure injuries remain a significant health care issue in various settings. The purpose of
this study was to examine the relationship between a pressure redistributing foam mattress
(PRFM) and the development of pressure injuries.

Methods

This study employed an observational prospective cohort study design. We enrolled 254
participants from the intensive care unit who were at risk of developing pressure injuries.
Participants were exposed to either a nonpressure redistributing foam mattress (NPRFM),
which was the standard mattress used at the study site, or a PRFM made of viscoelastic,
temperature-sensitive, polyurethane memory foam. The patients’ assignment to either a
PRFM or NPRFM was performed upon their admission, before the study eligibility screen-
ing. The relationship between the PRFM and the development of pressure injuries was stud-
ied using a logistic regression model.

Results

The overall incidence of pressure injuries was 5.9% (15/254) in our study, with 1.6% (2/127)
for participants who used a PRFM and 10.2% (13/127) for those using a NPRFM. After
adjusting for potential confounding variables, use of a PRFM was associated with an 88%
reduced risk of pressure injury development (OR = 0.12, 95% CI: 0.03, 0.56, P = 0.007).
The use of a PRFM also contributed to a postponed occurrence of pressure injuries by 4.2
days on average in comparison with that of a NPRFM (P =0.041).
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Conclusions

A PRFM is associated with a significantly reduced incidence and postponed occurrence of
pressure injuries. It is recommended to use a PRFM for patients at risk of developing pres-
sure injuries.

Introduction

A pressure injury is defined as an area of localized damage to the skin and underlying tissue
mainly caused by pressure, or pressure in combination with shear, which usually develops on
bony prominences, such as the sacrum, coccyx bone and heel [1]. Its prevalence varies widely
according to the stage of injury, population characteristics, and health care settings, with the
overall prevalence of inpatient pressure injuries ranging from 2.9% to 23% [2-6]. Pressure
injuries are associated with several significant physical, psychological and social difficulties for
individuals [7], a negatively affected quality of life [8, 9], and increased mortality [10]. In addi-
tion, they also create a significant burden on the health care system and society. Evidence sug-
gests that pressure injuries extended the length of stay by 2 to 50 days [11, 12]. The annual cost
to treat pressure injuries is approximately 1.4-2.1 billion pounds in the UK and 2.2-3.6 billion
dollars in the US [13, 14]. Dealey et al. found that the cost was influenced by the severity of the
wound, costing 1,214 pounds per patient for Stage I and 14,108 pounds per patient for Stage II
pressure injuries [15].

A wide range of factors have been indicated to be associated with pressure injuries, such as
age, immobility, malnutrition, lower blood hemoglobin, lower serum albumin, higher white
blood cell count, and most importantly, surfaces (e.g., beds, seating) without appropriate pres-
sure relief [16, 17]. Particularly, patients in the intensive care unit (ICU) are often sedated and
confined to bed and are therefore at a higher risk of developing pressure injuries [18, 19]. The
incidence rate of pressure injuries in the ICU has been reported in a broad range, from 2.6% to
56% [4, 5, 14, 20]. The likelihood of developing pressure injuries is 3.8 times higher in inten-
sive care settings than that in nonintensive care settings [21].

Although considerable effort has been made in education, training, and prevention equip-
ment, pressure injuries remain a significant health care issue in various settings [22]. Regular
manual repositioning (e.g., two-hour turning) is an effective strategy for preventing pressure
injuries by removing or redistributing pressure from a particular part of the body [19]. Pres-
sure redistribution prevents or treats pressure injuries by decreasing the magnitude and/or
duration of the interfacial pressure [1]. Apart from manual repositioning, a pressure-relieving
support surface is an alternative way to redistribute pressure by reducing the shear or friction
between the user and the surface [2, 23, 24]. Although air-filled and water-filled support sur-
faces are used in specific situations to prevent pressure injuries, they are neither cost-effective
nor practical [2, 25]. Alternatively, foam mattresses or overlays, especially those with pressure
redistributing characteristics, have become an increasingly popular method of attempting to
reduce the development of pressure injuries without compromising patients’ comfort [2, 25].
However, the findings on the association between foam supports and the occurrence of pres-
sure injuries are inconsistent, with some showing a decrease in the incidence of pressure inju-
ries [26-29], some concluding no significant effect [30-32], and some presenting a slight
increase in the development of pressure injuries [33] depending on various characteristics of
the support surfaces, study design, settings, etc.

The purpose of this study was to examine the relationship between a pressure redistributing
foam mattress (PRFM) and the development of pressure injuries in an intensive care unit. The
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primary objectives were to compare the incidence, development time, and severity of pressure
injuries between ICU patients who used a PRFM and those who used a nonpressure redistrib-
uting foam mattress (NPRFM).

Methods
Study design and participants

This study employed an observational prospective cohort study design. A sample of 254 partic-
ipants from the ICU at a medical center in Taiwan were recruited from November 2017 to Sep-
tember 2018 and followed up until they were discharged from the ICU. The inclusion criterion
was the risk of pressure injury development as identified using the Braden pressure injury risk
assessment scale (<16) [34]. The Braden scale was used to assess the risk of pressure by mea-
suring sensory, moisture, activity, mobility, nutrition and friction/shear; it is one of the most
frequently used tools for pressure injury assessment in clinical practice [34]. The cutoff points
for the risk of developing pressure injuries are as follows: low risk (total score: 15-18), moder-
ate risk (total score: 13-14), high risk (total score: 10-12), and very high risk (total score: < 9)
[35]. The exclusion criteria were pressure injuries at the time of recruitment, medical condi-
tions that would preclude the use of repositioning, and the use of an air cushion bed. Study
procedures were reviewed and approved by the Research Ethics Review Committee of Far
Eastern Memorial Hospital with approval number FEMH-105119-F. Written informed con-
sent was obtained from each participant or legal representative.

Study procedures and instruments

There were 30 beds in the ICU; one-third of them had a PREM (n = 10) and the others

(n =20) had a NPRFM, which were the standard mattresses used at the study site. To minimize
the clinical inconvenience and possible research bias, patients’ assignment to either a PRFM or
NPRFM was performed upon their admission to the ICU, before the study eligibility screen-
ing. Administrative nurses conducted the mattress assignment according to standard operat-
ing procedures, without notification or training for this study. The bed occupancy rate was
approximately 92% in the ward, and newly admitted patients were randomly assigned to an
empty bed, which helped to ensure a quasi-randomization of the exposure to the mattresses.
In addition, the assignment of nursing staff was according to patients’ discharge and admission
situations instead of beds, so it is less likely that a specific nursing staff member was consis-
tently assigned to certain beds with a PREM or NPRFM. Participants received standard nurs-
ing care but used different mattresses. The PREM was a commercially available mattress from
SEDA Chemical Co., Ltd. (Product Model: IMAGER-37" AM-200) which utilizes a viscoelas-
tic, polyurethane foam material. The NPRFM was a polyurethane foam mattress from Chang
Gung Medical Technology Co., Ltd. (Product Model: GM01) and was not designed to redis-
tribute pressure.

The major differences between the PRFM and NPRFM include thickness, density, firmness
(or stiffness), and elasticity, which have been shown to be factors that affect the pressure-dis-
tributing properties of foam mattresses [25, 36]. The thickness and density are related to the
support characteristics of a foam mattress, with higher thickness and density providing better
support of the body [25]. The PREM was 12 cm in thickness with a density of 90.0 kg/m® for
the top layer and 55.3 kg/m® for the bottom layer. The NPREM was 10 cm in thickness with a
density of 30.2 kg/m” for the top layer and 40.1 kg/m® for the bottom layer. The firmness of a
foam mattress is usually measured by the indentation force deflection (IFD), with a higher
score indicating a greater firmness [36]. The sag factor (modulus) is the ratio of the 65% IFD
to the 25% IFD values and provides an indication of cushioning quality. The higher the
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modulus is, the better the cushioning quality of the mattress [36]. The IFD of the PRFM was
10.5 kg/314 m” at 25% and 36.9 kg/314 m” at 65%, resulting in a modulus of 3.5. The IFD of
the NPRFM was 17.7 kg/314 m> at 25% and 35.2 kg/314 m’ at 65%, resulting in a modulus of
2.0. Impact resilience is a measure of the elasticity or springiness of foam by dropping a stan-
dard steel ball onto the foam from a given height and is expressed as the percentage of the dis-
tance the ball rebounds [36]. Low resilience represents a low spring-back property and may be
associated with reduced mechanical force from a tangential load [37]. The impact resilience of
the PRFM and NPRFM was 0.5% and 23%, respectively. In addition, the PRFM is also temper-
ature sensitive, especially at approximately 37 degrees Celsius, when it slowly softens to shape
to the figure of the body. The mechanical data showed that the PRFM has better support prop-
erties, a higher cushioning quality, and better elasticity than those of the NPRFM. These physi-
cal characteristics of the PREM help to achieve a maximum contact area between the body and
the mattress surface and reduce the potential mechanical force by the mattress to effectively
reduce the interface pressure [38].

Variables

The primary outcome variable was the development of pressure injuries. In addition to the
type of mattress, several confounding variables were included, such as age (in years), sex, risk
of pressure injury development (Braden score), bedridden prior to admittance into the ICU,
length of stay in the ICU, and the number of comorbidities. To assess the severity of pressure
injuries, we used the guidelines of the pressure injury classification system by the National
Pressure Injury Advisory Panel, European Pressure Injury Advisory Panel, and Pan Pacific
Pressure Injury Alliance [1]. According to the severity of the injury, pressure injuries are
grouped as Stage I (non-blanchable erythema), Stage II (partial-thickness skin loss), Stage III
(full-thickness skin loss), Stage IV (full-thickness tissue loss), unstageable (depth unknown),
and suspected deep tissue injury (depth unknown) [1].

Data analysis

A descriptive analysis was used to examine the characteristics of participants, using mean, fre-
quency, and percentage depending on variables, as well as the occurrence time, location, stage,
and range of the injury. Chi-squared tests and t-tests were conducted to compare the charac-
teristics of participants using different mattresses. Chi-squared tests were applied to compare
whether there were significant differences in the occurrence of pressure injuries between par-
ticipants using PREM and those using NPREM. In addition, unadjusted and adjusted logistic
regression models were used to investigate the relationship between a PRFM and the develop-
ment of pressure injuries. The Hosmer-Lemeshow goodness-of-fit test was conducted to
assess the adequacy of the logistic models, and a variance inflation factor was used to assess
multicollinearity [39, 40]. All data analyses were performed using the statistical software pack-
age Stata Statistical Software: Release 16 (College Station, TX: StataCorp LLC) [41]. A nominal
significance level of 0.05 and power of 80% were used throughout the analysis.

When calculating the sample size for a multiple logistic regression model, the rule of ten
events per variable is widely used [42], and recently, the rule of 20 or 50 events per variable
has been increasingly suggested [43]. However, it can be difficult when the event is rare,
such as the occurrence of pressure injuries in our study. The sample size calculation for
this type of study is based on the upper limit of risk, which is computed as 3, divided by the
sample size [44]. Given that the incidence of pressure injuries at the study site was between
1.5% and 12.3% (unpublished internal report), the sample size was estimated to include 200
participants.
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Fig 1. Flow diagram of participants.

A

Analyzed (n=254)

https://doi.org/10.1371/journal.pone.0241276.9001

Results

We recruited, followed-up, and analyzed the data of 254 participants from the ICU for the
investigation of pressure injuries in this study (Fig 1). The characteristics of participants were
compared using different mattresses, and no significant variations were found (Table 1).
Among all participants, half (n = 127) used a NPRFM and the other half (n = 127) used a
PRFM. The total incidence of pressure injuries in our study was 5.9% (15/254). Furthermore,
we observed that the incidence of pressure injuries among participants using a PRFM was
1.6%, which was lower than that of 10.2% among those using a NPRFM, with statistical signifi-
cance (P = 0.003). The average age of all participants was 64 years, and approximately 61%
were male. The average stay in the ICU for all participants was 8.9 days, with no significant dif-
ferences between participants who used a PRFM and a NPRFM.

The characteristics of pressure injuries are described in Table 2. In total, 15 participants
developed pressure injuries, of whom three had more than one injury at the same time. Of all
participants who developed pressure injuries, nine (60%) had an injury in the coccyx, while
the other six developed pressure injuries in different locations, including one each (6.7%) at
the buttock, ankle, greater trochanter, shoulder, back, and occiput. The injuries ranged in size
from 0.5*0.2 cm to 10¥10 cm, depending on the location and severity.

Unadjusted and adjusted logistic regression models were employed to investigate the rela-
tionship between the mattress and the development of pressure injuries (Table 3). We found
that the likelihood of developing pressure injuries was reduced by 86% (OR = 0.14, 95% CI:
0.03, 0.64, P = 0.011) in participants who used a PRFM when compared with those using a
NPRFM. After adjusting for several confounding variables, this result remained significant
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Table 1. Participant characteristics.

Total n (%) NPRFM® n (%) PRFM" n (%) P value
Pressure injury .003
No 239 (94.1) 114 (89.8) 125 (98.4)
Yes 15 (5.9) 13 (10.2) 2(1.6)
Age (mean) 64.05 64.4 63.7 .745
Sex .302
Male 156 (61.4) 74 (58.3) 82 (64.6)
Female 98 (38.6) 53 (41.7) 45 (35.4)
Braden score 715
Low risk 57 (22.4) 27 (21.3) 30 (23.6)
Moderate risk 84 (33.1) 39 (30.7) 45 (35.4)
High risk 73 (28.7) 40 (31.5) 33 (26.0)
Very high risk 40 (15.8) 21(16.5) 19 (15.0)
Bedridden before admission A72
No 246 (96.8) 124 (97.6) 122 (96.1)
Yes 8(3.2) 3(2.4) 5(3.9)
Length of stay in the ICU (average days) 8.90 8.34 9.46 122
Number of comorbidities .586
0 26 (10.2) 14 (11.0) 12 (9.5)
1 71 (28.0) 33 (26.0) 38 (29.9)
2 54 (21.3) 31 (24.4) 23 (18.1)
>3 103 (40.5) 49 (38.6) 54 (42.5)
*NPRFM: Nonpressure redistributing foam mattress
PPREM: Pressure redistributing foam mattress
https://doi.org/10.1371/journal.pone.0241276.t001
Table 2. Characteristics of pressure injuries.
Mattress Pressure injury 1 Pressure injury 2 (if any)
Occurrence time (days) Location Stage Range (cm) Occurrence time (days) Location Stage Range (cm)
NPRFM? 6 Buttock I 22
NPRFM? 7 Ankle I 0.5%0.2
NPRFM* 5 Coccyx I 5%5
NPRFM* 1 Greater trochanter I 6*3
NPRFM* 11 Coccyx I 5*5 11 Coccyx 11 2*2
NPRFM* 2 Coccyx 1 55
NPRFM* 8 Shoulder 11 2*1
NPRFM? 3 Back 1I 64
NPRFM? 1 Coccyx I 5%5
NPRFM? 3 Coccyx I 8*8 3 Coccyx 11 3*3
NPRFM? 2 Coccyx I 8*8
NPRFM* 5 Coccyx I 10"10
NPRFM? 2 Occiput I 5*5
PRFM" 8 Coceyx I 545 8 Coceyx 11 2*1
PREM" 9 Coccyx il 2*2

*NPRFM: Nonpressure redistributing foam mattress

PPREM: Pressure redistributing foam mattress

https://doi.org/10.1371/journal.pone.0241276.t002
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Table 3. Unadjusted and adjusted Odds Ratios (OR) of development of pressure injuries according to participants’ characteristics.

Unadjusted Adjusted
OR 95% CI P value OR 95% CI P value

Mattress

NPRFM? 1.00 — — 1.00 — —

PRFMP 0.14 0.03-0.64 .011 0.12 0.03-0.56 .007
Age (mean) 0.99 0.96-1.03 722 1.00 0.95-1.04 819
Sex

Male 1.00 — — 1.00 — —

Female 1.89 0.66-5.39 233 1.81 0.56-5.84 319
Braden score

Low risk 1.00 — — 1.00 — —

Moderate risk 0.70 0.19-2.57 .590 0.70 0.17-2.96 .632

High risk 0.99 0.27-3.68 993 0.83 0.20-3.52 .801

Very high risk 0.89 0.10-7.86 913 0.77 0.05-11.96 .855
Length of stay in the ICU (average days) 1.07 1.02-1.12 .009 1.08 1.02-1.14 .010
Number of comorbidities

0 1.00 — — 1.00 — —

1 1.31 0.25-6.77 .745 1.56 0.27-9.06 623

2 0.23 0.02-2.62 234 0.26 0.02-3.37 300

>3 0.61 0.11-3.35 572 0.57 0.07-4.33 587

*NPRFM: Nonpressure redistributing foam mattress
PPREM: Pressure redistributing foam mattress

https://doi.org/10.1371/journal.pone.0241276.t003

and showed that the PREM was associated with an 88% reduced risk of pressure injury devel-
opment (OR = 0.12, 95% CI: 0.03, 0.56, P = 0.007). Additionally, a longer length of stay in the
ICU was significantly associated with a higher risk of pressure injury development after adjust-
ing for other variables (OR = 1.08, 95% CI: 1.02, 1.14, P = 0.010). The average length of stay in
participants who did not develop pressure injuries was 8.6 days, compared to 14.3 days among
participants who developed pressure injuries (P = 0.002). The linear regression results (data
not shown in the table) showed that the development of a pressure injury prolonged the length
of stay by 5.78 days (95% CI: 1.83, 9.72, P = 0.004). The results of the Hosmer-Lemeshow
goodness-of-fit tests for the adjusted logistic model indicated that the model was a good fit for
the data. Variance inflation factor values also indicated a low degree of multicollinearity.

In addition to the occurrence of pressure injuries, we also compared the occurrence time of
the first pressure injury after recruitment. The results showed that the average time to develop
the first pressure injury was 4.2 days earlier among participants using a NPRFM (4.3 days)
compared to those using a PRFM (8.5 days). The average time to develop a pressure injury for
participants who used a PREM was delayed compared to those who used a NPRFM, with sta-
tistical significance (P = 0.041). In addition, we measured and compared the severity of the
pressure injuries. Among the three injuries developed by the two participants who used a
PREM, two were classified as Stage IT and one as Stage I. Among the 15 injuries developed by
the 13 participants who used a NPREM, five were classified as Stage I and ten as Stage I. How-
ever, the difference in the severity of pressure injuries was statistically insignificant (P = 0.280).

Discussion

The present study investigated the relationship between a PRFM and the development of pres-
sure injuries in an intensive care unit. The total incidence of pressure injuries was 5.9% in our
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study. Among the participants, 1.6% of the patients using a PREM developed pressure injuries,
compared with 10.2% who used a NPRFM. Compared to the NPRFM, the PRFM was associ-
ated with an 88% reduced likelihood of developing pressure injuries. We also found that the
PREM contributed to a postponed occurrence of pressure injuries by 4.2 days on average in
comparison with the NPRFM.

A pressure injury is defined as an area of localized damage to the skin and underlying tissue
mainly caused by pressure, or pressure combined with shear [1]. Shear is a mechanical force
created from a tangential load that causes the body to slide against the resistance between a
contact surface and the skin. Friction is another mechanical force that occurs when two sur-
faces move across one another, creating resistance between the contact surface and the skin
[1]. When shear occurs, the dermis and epidermis remain stationary, while the skeleton slides
with the deep fascia. This can create deformation in the lymphatic system and in the blood ves-
sels and lead to capillary occlusion and thrombosis [45]. Tissue tolerance for pressure and oxy-
gen concentration also play a role in this process. It is commonly assumed that the external
pressure between the skin and a supporting surface of over 32 mmHg (4.27 kPa) occludes the
blood vessels and produces ischemia, which, if applied for a critical period, could result in tis-
sue necrosis and the occurrence of a pressure injury [46]. Evidence also shows that it requires
lower external pressure to cause the reduction or occlusion of skin blood flow at bony promi-
nences compared to other regions [47]. This is one of the main reasons why pressure injuries
usually develop on bony prominences, such as the sacrum, coccyx bone and heel; the well-
known pressure injury predilection areas [48]. Our study consistently showed that of all pres-
sure injuries, 60% developed in the coccyx.

Factors that increase the magnitude and duration of mechanical loading contribute to the
formulation of pressure injuries [18, 49]. Unfortunately, patients from the ICU are more likely
to be exposed to these factors, including but not limited to reduced activity and mobility or
even being bedridden, loss of sensory perception as a result of medication such as anesthetics,
sedatives, and analgesics that are commonly used in ICU patients, and maceration of skin due
to sweating, incontinence, or leaking wounds [18, 50, 51]. These factors are present among
patients from other departments in the hospital, while they are mostly presented at a higher
level of severity or a combination of more than two factors among ICU patients. The likely
worldwide prevalence range of pressure injuries in acute care settings is between 6% and 54%,
and the incidence of pressure injuries is between 3% and 29% [4, 21, 52]. Coyer et al. found
that patients from the ICU were 3.8 times more likely to develop pressure injuries than those
from nonintensive departments [21]. In the present study, all participants recruited were from
an intensive care unit, and the overall incidence of pressure injury development was 5.9%. The
incidence among participants using the NPRFM was 10.2%, which is similar to previously
reported results [21, 52].

Traditional two-hour turning prevents pressure injuries by shortening the constant dura-
tion of comprehensive and shearing forces. However, it mainly depends on human resources,
which is generally one of the most intensive resources in hospitals [53]. A study in an intensive
care unit suggested that only 36.8% of the patients who should be manually turned were actu-
ally repositioned [54]. Another major determinant of the intensity or magnitude of pressure
and shearing forces is the support surface [1, 2]. A variety of materials are used for support sur-
faces, such as air-filled supports, water-filled supports, contoured or textured foam supports,
and alternative foam mattresses or overlays [2]. As the surface materials differ significantly
from each other, previous studies have not reached a definite conclusion on the effect of sup-
port surfaces on preventing pressure injury development [2, 24, 26-32]. Furthermore, these
studies have a high heterogeneity in study design, sample size, settings, and comparative stan-
dard hospital mattresses, which may also partially explain the heterogeneity in results.
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A network meta-analysis study found that powered active air surfaces offer a reduced inci-
dence of pressure injuries but provide compromised comfort compared with foam mattresses
[24]. In general, foam mattresses provide a higher level of comfort in comparison with other con-
struction materials and are widely used at home or in hospital settings [2]. Even among foam mat-
tresses, there is a significant difference in their ability to reduce pressure depending upon the
properties of the foam used [2]. Compared to other types of foam, viscoelastic foam, also known
as memory foam, has unique properties in firmness (or stiffness), density, thickness, and elasticity
[25, 36]. These physical characteristics help to achieve a maximum contact area between the body
and the surface to effectively reduce the interfacial pressure [33]. In the present study, PREM has
better support properties, a higher cushioning quality, and better elasticity than those of the
NPRFM. These physical characteristics of the PRFM help to achieve a maximum contact area
between the body and the mattress surface and reduce the potential mechanical force by the mat-
tress to effectively reduce the interface pressure. A mattress with the same material was investi-
gated for its pressure-relieving effects, and the results suggested that the average body pressure
was 17.2% lower compared with another standard nursing institutional mattress [38]. Similarly,
Defloor measured the interfacial pressure on 62 healthy volunteers lying in 10 different positions
and suggested that the use of a viscoelastic polyurethane foam mattress contributed to reducing
the pressure by 20-30% compared to a standard institutional mattress (12 cm-thick cold foam)
[55]. Furthermore, the interfacial pressure is distributed more evenly with a high-density foam
mattress [56]. McInnes et al. conducted a pooled analysis of five studies that compared foam alter-
natives with a standard hospital foam mattress using a random-effects model (I* = 77%), which
showed a 60% reduction in the incidence of pressure injuries (95% CI: 0.21, 0.74) [2, 28-30, 32].

In this study, we also found a significant association between the length of stay and the
occurrence of pressure injuries. This was consistent with the existing evidence that the length
of stay in the ICU has been identified as a risk factor [57, 58]. Despite the significant results,
our study and most other studies showed that the odds ratio was very close to 1 [57-59]. How-
ever, the relationship between the length of stay and the development of pressure injuries is
reversible. It can also be concluded that the occurrence of a pressure injury leads to an
extended length of stay. A prospective cohort study involving 4,500 participants showed that a
pressure injury prolonged the length of stay by a median of 4.31 days [11]. Another study with
3,198 aged patients showed an extended length of stay of 2.6 days in patients who developed
pressure injuries compared to those without pressure injuries [12]. Similarly, we observed an
extended length of stay by 5.78 days in participants who developed a pressure injury when
compared to those without a pressure injury.

This was a prospective cohort study with 254 participants recruited in an intensive care unit
at a medical center in Taiwan. However, this study has some limitations. First, this was not a
population-based study. There are several differences in the characteristics and conditions
between patients in the ICU and those in other departments in the hospital [18, 50]. In addi-
tion, family members of patients with more severe conditions might not have allowed their
participation in the study, and we do not have data on that part of the population. Therefore,
the study findings are limited in their generalizability to the entire inpatient population.
Another limitation refers to the measurement of pressure injury stages. It has been suggested
to only include pressure injuries that are Stage II or above due to the low clinical severity and
assessment reliability of Stage I [60]. Given that Stage I, by definition, is still considered as one
of the pressure injury stages and the prevention of this injury stage remains one of the clinical
performance evaluations [1], we analyzed the outcomes of any stage of pressure injury. To
improve the reliability of the injury assessment, a research nurse with substantial experience in
pressure injury evaluation conducted the assessment for all participants in the study. The
results, however, should still be interpreted with caution.
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Furthermore, we did not collect the data of the APACHE II score as a confounding variable
for the relationship between the PRFM and the development of pressure injuries. However,
the influence of the APACHE II score on the development of pressure injuries is inconsistent
based on existing evidence [61, 62]. We included the Braden score in the analysis, which is
more widely and consistently used as a significant predictor of pressure injuries [34]. The
health care providers in the ICU were not blinded to the exposure of the mattresses, and this
may create biases for possible confounders. For example, it was challenging to uniformly pro-
vide manual repositioning to all participants using different mattresses. It is possible that care
providers would reposition patients manually more frequently using a NPREM if they per-
ceived the PREM provided greater protection from pressure injuries to meet clinical perfor-
mance requirements [2, 59]. Despite this, our study still showed that the PRFM was
significantly associated with a reduced incidence of pressure injuries. Future studies are sug-
gested to measure the actual practice of manual repositioning as a confounder using advanced
technologies, such as motion-sensing materials, to better investigate the independent effect of
the supporting surface on pressure injury development.

Conclusions

A pressure redistributing foam mattress was associated with a significantly reduced incidence
of pressure injuries and postponed the occurrence of pressure injuries without compromising
patients’ comfort. Thus, in both clinical practice and research, it is recommended to use a pres-
sure redistributing foam mattress for patients at risk of developing pressure injuries, when pos-
sible. Future studies should investigate and verify the effect of a foam mattress with similar
characteristics on reducing the incidence of pressure injuries in other populations, such as
general inpatients and institutional residents. In addition, the occurrence time of pressure
injuries from admission is also suggested to be one of the outcome variables describing the
effect, given the limited evidence. Finally, it would be interesting to study whether the mattress
can be integrated with sensing technologies that can collect real-time data on the interfacial
pressure between patients and the supporting surface or on the quantity/magnitude of
patients’ activities in bed to more precisely investigate the effect of mattresses or other overlays
on pressure injury development.
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