
International Journal of Nursing Studies 127 (2022) 104172 

Contents lists available at ScienceDirect 

International Journal of Nursing Studies 

j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / i j n s 

Effectiveness of a multi-layer silicone-adhesive polyurethane foam 

dressing as prevention for sacral pressure ulcers in at-risk in-patients: 

Randomize d controlle d trial 

Cristiana Forni a , Domenica Gazineo 

b , Elisabetta Allegrini c , Tatiana Bolgeo 

d , Anna Brugnolli e , 
Federica Canzan 

f , Paolo Chiari g , Andrea Evangelista 

h , Anna Maria Grugnetti i , 
Giuseppina Grugnetti j , Monica Guberti k , Maria Matarese 

l , Elisabetta Mezzalira 

m , 
Lara Pierboni n , Letizia Prosperi o , Barbara Sofritti p , Cristina Tovazzi q , Silvia Vincenzi r , 
Paola Zambiasi s , Carlotta Zoffoli t , Elisa Ambrosi u , ∗, on behalf of the Multischiume Group, 
Fabiola Bandi v , Manuela Batani w , Giovanna Bertin 

x , Luana Bianchi y , Monica Carmagnini z , 
Silvia Cedioli aa , Stefano Colognese 

bb , Consuelo Morena 

cc , Fabio D’Alessandro 

dd , 
Mirella Fontana 

ee , Ludovica Galassi aa , Monica Gridelli aa , Paola Magnani ff, Mattia Morri gg , 
Barbara Ortolani ff, Maurizio Scialla 

hh , Pamela Stanga 

dd , Paola Toselli hh , Sarah Zanelli dd 

a Head of the Nursing and Allied Profession Research Unit, IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy 
b Staff Nurse, Azienda Ospedaliero-Universitaria di Bologna, Policlinico S.Orsola – Malpighi, Bologna, Italy 
c Nurse Executive of Health Professions, Azienda Ospedaliera Universitaria Integrata, Verona, Italy 
d Coordinator of HTA Unit, Department of Research, Training and Innovation, Azienda Ospedaliera Nazionale S.S. Antonio e Biagio e C. Arrigo, Alessandria, 

Italy 
e Head of Centre of Higher Education for Health Sciences, Azienda Provinciale per I Servizi Sanitari di Trento, Trento, Italy 
f Associate Professor, Department of Diagnostics and Public Health, University of Verona, Verona, Italy 
g Associate Professor Alma Mater, University of Bologna, Bologna, Italy 
h General Affairs Unit, IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy 
i Coordinator of Degree and Master’s Degree Courses in Health Professions and Research, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy 
j Nurse Executive of Health Professions, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy 
k Nurse Executive of Health Professions, Azienda USL-IRCCS Reggio Emilia, Reggio Emilia, Italy 
l Associate Professor, Research Unit of Nursing Sciences, Campus Bio-Medico, University of Rome, Roma, Italy 
m Research Fellow, Department of Diagnostics and Public Health, University of Verona, Verona, Italy 
n Organizational Representative, Nursing and Technical Direction, AUSL Romagna ambito di Rimini, Rimini, Italy 
o Clinical teacher, Centre of Higher Education for Health Sciences, Azienda Provinciale per I Servizi Sanitari di Trento, Trento, Italy 
p Chief Nurse, Orthopaedics, Ospedale Maggiore AUSL Bologna, Italy 
q Nurse Executive, Provincial Hospital Service, Azienda Provinciale per I Servizi Sanitari di Trento, Trento, Italy 
r Coordinator of the Master of Science in Nursing, Azienda Ospedaliera Universitaria Integrata, Verona, Italy 
s Chief Nurse, Care Process Governance Service, Azienda Provinciale per I Servizi Sanitari di Trento, Trento, Italy 
t Organizational Representative, Wound Care Specialist Network, AUSL Romagna ambito di Cesena, Cesena, Italy 
u Senior Assistant Professor, Department of Diagnostics and Public Health, University of Verona, Verona, Italy 
v Wound Care Specialist, AUSL Romagna- Ambito di Cesena, Cesena, Italy 
w Wound Care Specialist, AUSL Romagna- Ambito di Cesena, Cesena, Italy 
x Chief Nurse, Azienda Ospedaliera Nazionale S.S. Antonio e Biagio e C. Arrigo, Alessandria, Italy 

∗ Correspondence to Elisa Ambrosi, Department of Diagnostics and Public Health, University of Verona, Verona, Italy. Strada le Grazie 8, Verona, 37134. 

E-mail addresses: cristiana.forni@ior.it (C. Forni), domenica.gazineo@aosp.bo.it (D. Gazineo), elisabetta.allegrini@aovr.veneto.it (E. Allegrini), tbolgeo@ospedale.al.it 

(T. Bolgeo), anna.brugnolli@apss.tn.it (A. Brugnolli), federica.canzan@univr.it (F. Canzan), paolo.chiari@unibo.it (P. Chiari), andrea.evangelista@ior.it (A. Evange- 

lista), a.grugnetti@smatteo.pv.it (A.M. Grugnetti), g.grugnetti@smatteo.pv.it (G. Grugnetti), monica.guberti@ausl.re.it (M. Guberti), m.matarese@unicampus.it (M. 

Matarese), elisabetta.mezzalira@univr.it (E. Mezzalira), lara.pierboni@auslromagna.it (L. Pierboni), letizia.prosperi@apss.tn.it (L. Prosperi), b.sofritti@ausl.bo.it (B. 

Sofritti), cristina.tovazzi@apss.tn.it (C. Tovazzi), silvia.vincenzi@univr.it (S. Vincenzi), paola.zambiasi@apss.tn.it (P. Zambiasi), carlotta.zoffoli@auslromagna.it (C. Zof- 

foli), elisa.ambrosi_01@univr.it (E. Ambrosi), fabiola.bandi@auslromagna.it (F. Bandi), manuela.batani@auslromagna.it (M. Batani), gbertin@ospedale.al.it (G. Bertin), 

luana.bianchi@auslromagna.it (L. Bianchi), monica.carmagnini@ausl.bo.it (M. Carmagnini), silvia.cedioli@auslromagna.it (S. Cedioli), stefano.colognese@ausl.re.it (S. Colog- 

nese), consuelo.morena@auslromagna.it (C. Morena), fabio.dalessandro@ior.it (F. D’Alessandro), mirella.fontana@aosp.bo.it (M. Fontana), ludovica.galassi@auslromagna.it (L. 

Galassi), monica.gridelli@auslromagna.it (M. Gridelli), paola.magnani@auslromagna.it (P. Magnani), mattia.morri@ior.it (M. Morri), barbara.ortolani@auslromagna.it (B. Or- 

tolani), mscialla@ospedale.al.it (M. Scialla), pamela.stanga@gmail.com (P. Stanga), ptoselli@ospedale.al.it (P. Toselli), sarah.zanelli@ior.it (S. Zanelli). 

https://doi.org/10.1016/j.ijnurstu.2022.104172 

0020-7489/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

https://doi.org/10.1016/j.ijnurstu.2022.104172
http://www.ScienceDirect.com
http://www.elsevier.com/ijns
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijnurstu.2022.104172&domain=pdf
mailto:cristiana.forni@ior.it
mailto:domenica.gazineo@aosp.bo.it
mailto:elisabetta.allegrini@aovr.veneto.it
mailto:tbolgeo@ospedale.al.it
mailto:anna.brugnolli@apss.tn.it
mailto:federica.canzan@univr.it
mailto:paolo.chiari@unibo.it
mailto:andrea.evangelista@ior.it
mailto:a.grugnetti@smatteo.pv.it
mailto:g.grugnetti@smatteo.pv.it
mailto:monica.guberti@ausl.re.it
mailto:m.matarese@unicampus.it
mailto:elisabetta.mezzalira@univr.it
mailto:lara.pierboni@auslromagna.it
mailto:letizia.prosperi@apss.tn.it
mailto:b.sofritti@ausl.bo.it
mailto:cristina.tovazzi@apss.tn.it
mailto:silvia.vincenzi@univr.it
mailto:paola.zambiasi@apss.tn.it
mailto:carlotta.zoffoli@auslromagna.it
mailto:elisa.ambrosi_01@univr.it
mailto:fabiola.bandi@auslromagna.it
mailto:manuela.batani@auslromagna.it
mailto:gbertin@ospedale.al.it
mailto:luana.bianchi@auslromagna.it
mailto:monica.carmagnini@ausl.bo.it
mailto:silvia.cedioli@auslromagna.it
mailto:stefano.colognese@ausl.re.it
mailto:consuelo.morena@auslromagna.it
mailto:fabio.dalessandro@ior.it
mailto:mirella.fontana@aosp.bo.it
mailto:ludovica.galassi@auslromagna.it
mailto:monica.gridelli@auslromagna.it
mailto:paola.magnani@auslromagna.it
mailto:mattia.morri@ior.it
mailto:barbara.ortolani@auslromagna.it
mailto:mscialla@ospedale.al.it
mailto:pamela.stanga@gmail.com
mailto:ptoselli@ospedale.al.it
mailto:sarah.zanelli@ior.it
https://doi.org/10.1016/j.ijnurstu.2022.104172
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 C. Forni, D. Gazineo, E. Allegrini et al. / International Journal of Nursing Studies 127 (2022) 104172 

y Staff Nurse, AUSL Romagna- Ambito di Rimini, Rimini, Italy 
z Case Manager, Ospedale Maggiore AUSL Bologna, Bologna, Italy 
aa Staff Nurse, AUSL Romagna- Ambito di Cesena, Cesena, Italy 
bb Wound Care Specialist, Azienda USL-IRCCS Reggio Emilia, Reggio Emilia, Italy 
cc Chief Nurse, AUSL Romagna- Ambito di Cesena, Cesena, Italy 
dd Staff Nurse, IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy 
ee Wound Care Specialist, Azienda Ospedaliero-Universitaria di Bologna, Policlinico S.Orsola – M
ff Staff Nurse, AUSL Romagna- Ambito di Rimini, Rimini, Italy 
gg Physiotherapist, IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy 
hh Chief Nurse, Azienda Ospedaliera Nazionale S.S. Antonio e Biagio e C. Arrigo, Alessandria, It

a r t i c l e i n f o 

Article history: 

Received 24 July 2021 

Received in revised form 20 December 2021 

Accepted 3 January 2022 

Keywords: 

Clinical trials 

Controlled trials 

General dermatology 

Pressure ulcers 

Advanced wound dressing 

Prevention 

a b s t r a c t 

Background: There is need for i

Objective: To study whether a  

sacrum prevents PUs developm  

patients. 

Design: Open-label, parallel gro

Participants and setting: 709 in-  

intensive care units of 12 Italia

Methods: A multi-layer silicone  

standard PUs preventive care i  

alone, including systematic pre  

tine positioning every 4 h, use  

guaranteed. Primary outcome  

hospital admission. Secondary  

days needed to PU developme  

dressings used for each patient  

dressing. Participants were eval

Results: In patients admitted to  

veloped sacral pressure ulcers  

In patients admitted to surgica  

sacral pressure ulcers ( p = 0.01  

ulcers incidence was not signifi  

10.4% control, p = 0.141) in pat  

17/351 (4.8%) in the interventi  

8%; number needed to treat (N  

≥ II stage did not differ signific  

attributable to the foam applica

Conclusion: A sacral multi-layer  

care is effective for pressure u  

surgical units. 

TRIAL REGISTRATION: Clinic  

fore the first patient was enroll

 

 

 

W

 

 

 

 

 

 

 

 

W

 

 

 

 

 

1

 

i  

U  

s  

n  

n  

7  

E  

t  

T  

t

 

q  
hat is already known 

• Pressure ulcers (PUs) remain one of the most significant threats

for the health and the quality of life of hospitalized patients,

affecting clinical outcomes and survival times. 

• In the last decades, a growing interest in the use of ad-

vanced wound dressings, in particular of silicone-adhesive

polyurethane foam dressings, as a PUs preventive strategy has

been reported. 

• Existing evidence on the effectiveness of silicone-adhesive

polyurethane foam dressings pertains to critical care patients,

yet robustly designed studies on other patient populations are

lacking. 

hat this paper adds 

• Silicone-adhesive polyurethane foam dressings in addition to

standard PUs preventive care were effective in preventing the

development of any stage sacral pressure ulcers in at risk pa-

tients admitted to medical and surgical units. 
alpighi, Bologna, Italy 

aly 

mprovement in effective pressure ulcers preventive strategies. 

multi-layer silicone-adhesive polyurethane foam dressing shaped for the

ent in addition to standard PU preventive care for at-risk hospitalized

up, multi-center randomized controlled trial. 

hospital patients at risk for pressure ulcers from 25 medical, surgical, and

n hospitals. 

-adhesive polyurethane foam was applied to the sacrum in addition to

n the intervention group. In the control group, standard preventive care

ssure ulcer risk assessment, skin assessment three times per day, rou-

of active support surface as appropriate, and incontinence skin care, was

was incidence of sacral pressure ulcers of any stage at seven days from

outcomes were incidence of sacral pressure ulcers ≥ II stage, number of

nt, number of skin adverse events due to the foam dressing, number of

, number of withdrawing patients due to discomfort caused by the foam

uated at baseline and at seven days. 

 medical units, 15/113 controls and 4/118 in the intervention group de-

( p = 0.010; absolute reduction 9.2%; NNT for benefit 11, 95% CI 6 to 44).

l units, 21/144 controls and 8/142 in the intervention group developed

0; absolute reduction 8.9%; NNT for benefit 11 95% CI 6 to 49). Pressure

cantly different between the randomization arms (5.2% experimental vs

ients admitted to intensive care units. Overall, 46/358 (12.8%) controls and

on group developed sacral pressure ulcers ( p < 0.001; absolute reduction

NT) for benefit 12, 95% CI 8 to 26). Incidence of sacral pressure ulcers

antly between the two groups. No adverse skin reactions and discomfort

tion were reported. 

 silicone-adhesive polyurethane foam in addition to standard preventive

lcers prevention in at-risk hospitalized patients admitted to medical and

alTrials.gov NCT03900455. The registration (April 1st, 2019) occurred be-

ed (October 21st, 2019). 

© 2022 The Authors. Published by Elsevier Ltd.

This is an open access article under the CC BY-NC-ND license

( http://creativecommons.org/licenses/by-nc-nd/4.0/ )

• Incidence of sacral pressure ulcers ≥ II stage did not differ sig-

nificantly between the two groups (intervention and control

group). 

. Introduction 

Pressure ulcers (PUs)are localized areas of tissue damage aris-

ng due to excess pressure and shearing forces ( European Pressure

lcer Advisory Panel, 2019 ). Despite the effort s in adopting gold

tandard prevention strategies, PUs continue to constitute a recog-

ized health challenge, estimated to affect 2.5 million people an-

ually ( Moore and Patton, 2019 ). Point prevalence rates range from

% to 53.2%, and incidence rates varying from 7% to 71.6% across

urope, the U.S. and Canada, with the sacrum and the heels as

he most common PUs anatomical sites ( Moore and Patton, 2019 ).

hese wide variations between studies may depend on the defini-

ion of PU, research methods, and the clinical context analyzed. 

The presence of PUs leads to a significantly lower health-related

uality of life ( Gorecki et al., 2009 ; Gorecki et al., 2010 ) and

http://creativecommons.org/licenses/by-nc-nd/4.0/
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l  
onstitutes a significant financial burden for healthcare systems

 Moore and Patton, 2019 ; Demarré et al., 2015 ), negatively impact-

ng on length of stay, readmission and survival times ( Jaul and

enczel, 2015 ). 

For these reasons, over the last decade many institutions have

ighlighted the urgent need for the development of medical de-

ices and guidelines in order to secure new effective PUs pre-

entive strategies ( European Pressure Ulcer Advisory Panel, 2019 ).

ince this call to action, a growing interest in the use of advanced

ound dressings as a PUs preventive strategy has been witnessed

 Levy et al., 2015 ; Levy and Gefen, 2016 ; Moore and Webster, 2018 ;

oore et al., 2020 ). The effectiveness of foam dressings in prevent-

ng PUs has been investigated to date ( Levy et al., 2015 ; Levy and

efen, 2016 ; Matsuzaki and Kishi, 2015 ; Moore and Patton, 2019 ;

iller et al., 2015 ). These dressings normally contain hydrophilic

olyurethane foam with or without additional absorbent materi-

ls, such as viscose and acrylate fibres, or particles of superab-

orbent polyacrylate; they are generally silicone-coated for atrau-

atic removal ( Moore and Webster, 2018 ). A recent Cochrane Sys-

ematic Review reported that silicone border foam dressings as

art of the prevention approach may reduce PUs at any stage, but

he low level of evidence, related to reduced sample size, defi-

ient allocation concealment, blind assessment and lack of con-

rol of confounding factors, means that additional research is re-

uired to confirm these results ( Moore and Webster, 2018 ). More-

ver, most previous studies have focused on intensive care set-

ings ( Chaiken, 2012 ; Santamaria et al., 2015 ; Kalowes et al., 2016 ;

aab et al., 2015 ; Byrne et al., 2016 ; Padula, 2017 ; Hahnel et al.,

020 ); thus, highlighting the need for further studies that may

ake into consideration more comprehensively the different hospi-

al settings and not only critical care environments. 

In this regard, further multisite rigorous randomized control tri-

ls (RCT) are needed to investigate the effectiveness of silicone

order foam dressings for preventing PUs in all the main hospi-

al settings and, in case of demonstrated effectiveness, therefore, to

etermine whether some inpatient populations may benefit more

rom this device. In this study, we compared the effect of a multi-

ayer, silicone-adhesive polyurethane foam dressing shaped for the

acrum in addition to standard PUs preventive care with standard

are alone on sacral PUs prevention in at-risk patients hospitalized

n medical, surgical and intensive care units. 

. Methods 

.1. Study design, setting and participants 

This study was conducted as an open-label, parallel group,

ulti-center randomized controlled trial. 

Patients were recruited from 25 medical, surgical and inten-

ive care units of 12 hospitals in North and Central Italy, includ-

ng three Research Institutes, three large-size teaching hospitals

nd six small-size to large-size public general hospitals, from Oc-

ober 2019 to March 2020. Patients were screened for trial eligi-

ility at unit admission. To be eligible for the study, patients had

o be ≥18 years, being at risk for PU development as measured

ith Braden scale (scores ≤16) ( Bergstrom et al., 1987 ), having the

kin intact, and having a life expectancy greater than 72 h as per

linical judgement. Furthermore, patients had to be enrolled within

4 h from hospital admission and expected to remain hospitalized

or at least 72 h. Patients were excluded if they had any known

llergy to the foam dressing or if they refused to participate in

he study. Eligible patients were randomized to either the control

roup, which received standard preventive PUs care, or the inter-

ention group, which received standard care plus the application

f the multi-layered, silicone-adhesive polyurethane foam dressing
o the sacrum. The first patient has been enrolled after trial regis-

ration on ClinicalTrials.gov. 

.2. Randomization and masking 

A randomly permuted block design with 1:1 allocations of pa-

ients within randomly selected blocks of 10, stratified by units to

nsure balanced groups, was used. The ordering of patients within

ach block was also randomly assigned using a computerized re-

earch randomizer (www. randomization.com). The randomization

ist was generated by the principal investigator at the research cen-

er outside the hospitals. The allocation sequence was concealed

rom the research nurse enrolling and evaluating participants in

equentially numbered opaque, sealed, and stapled envelopes. 

The participants and the healthcare professionals were not

linded due to the nature of the intervention. Moreover, the skin

mprint after the foam removal made impossible to blind the out-

ome assessor. 

.3. Interventions 

Standard PUs preventive care - All included patients received

tandard PU prevention according to hospital protocols, based

n contextualization and adaptation of International guidelines

 European Pressure Ulcer Advisory Panel, 2019 ), which involved:

ssessment of PU risk through the Braden Scale ( Bergstrom et al.,

987 ) at hospital admission, every seven days and when clinically

ndicated (for example after surgery); full skin assessment during

very shift, three times per day combined with routine positioning

very 4 h or when required; use of active support surfaces (higher-

pecification foam mattress or dynamic anti-decubitus mattress) in

ase of Braden < 17, aiming at preventing damaging tissue defor-

ation and providing an environment that enhances perfusion of

t risk tissues; incontinence skin care. 

Application of foam dressing - Patients in the intervention

roup underwent the positioning of a single 12.9 × 12.9 cm 

2 

ulti-layer dressing incorporating hydro-cellular foam, hyper-

bsorber lock-away core with a silicone wound contact layer

haped for the sacrum area (ALLEVYN LIFE TM ) (SMITH & NEPHEW,

grate Brianza, Italy) applied by the staff nurse within 24 h from

he unit admission. The dressing was lifted but not changed daily

or routine skin assessment and changed every time it happened

o be soiled or dislodged. The patients in the intervention group

ould remove the dressing when discharged or at the end of the

even days of trial. 

.4. Outcomes 

The primary outcome of the study was the incidence of any

tage PUs at the sacrum within 7 days since hospital admission.

oth PUs definition and staging have been determined following

he 2019 EPUAP, NPIAP, and PPPIA classification ( European Pressure

lcer Advisory Panel, 2019 ). The cut off of 7 days was given by the

vidence found in the literature regarding the average time needed

o develop a PU ( Palese et al., 2017 ; Chiari et al., 2017 ; Forni et al.,

018 ). 

The secondary endpoints included the incidence of sacral PUs

II stage based on the EPUAP, NPIAP, and PPPIA parameters; the

umber of days needed to PU development (up to seven days); the

umber of skin adverse events due to the foam dressing; the num-

er of dressings used for each patient over the 7-days period; and

he number of withdrawing patients due to foam dressing discom-

ort. 

According to the results of a previous cohort study on predic-

ive factors for PUs development ( Chiari et al., 2017 ), the base-

ine data collected on each patient consisted of gender, age, place
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p  
here they came from (e.g. Emergency Department, other unit,

ther hospital, home), Braden Index score ( Bergstrom et al., 1987 ),

resence of diaper, urinary catheter, presence and type of anti-

ecubitus surface (e.g. foam/static or dynamic mattress), presence

f an informal caregiver, such as a family member, a friend or an-

ther lay caregiver, at the patient’s bedside for at least half day,

nd length of in-hospital stay. Moreover, the presence of hypother-

ia, the use of sedative or vasopressor drugs, and of mechanical

entilation, were also assessed as other possible confounding fac-

ors. 

.4.1. Data collection 

During the trial period, each adult patient who was admitted

o medical, surgical and intensive care units of the involved hos-

itals was assessed by a dedicated nurse and screened for study

ligibility. Patients who met inclusion criteria were asked to sign a

ritten consent form and were enrolled in the study. Allocation to

he intervention or to the standard PUs preventive care occurred at

he ward admission. Data collectors were trained Registered Nurses

RNs) with experience in PUs care and in clinical research. 

.5. Statistical analysis 

The sample-size calculation was based on the results of a pre-

ious single center randomized clinical trial (27) with an incidence

f PUs of any grade of 4.5% in the experimental group and of

5.4% in the control group. Assuming similar results in the pop-

lations included in this study, 228 patients had to be randomized

o ensure a power of 80% to detect the expected difference with

 two-sided alpha error of 5%. To evaluate the effectiveness of us-

ng polyurethane foams in each subgroup defined by hospital ar-

as (medical, surgical, intensive care), the same sample size had to

e guaranteed in each group. Considering a possible 10% follow-up

oss and assuming a 10% withdrawal proportion, the planned sam-

le size was 280 patients per area for a total of 840 patients (420

er arm). 

The study was terminated early due to COVID-19, with data col-

ection completed by March 12th, 2020 with a total of 711 patients.

The incidence of PUs was compared between arms in each

rea using the Fisher’s exact test. Risk Ratios, Risk Differences and

umber needed to treat were estimated and presented with their

5%CI. Number of days needed to PU development was compared

sing the Mann-Whitney U test. The cumulative incidence of PUs

f any grade during the whole 7-day period was estimated in each

roup with the Kaplan-Meier method. 

Subgroup analyses for the primary outcome measure were per-

ormed to evaluate the homogeneity of intervention effect accord-

ng to clinical setting, age, gender, and Braden score at admission.

n each subgroup, the experimental arm was compared with the

ontrol arm by use of the log-binomial model and the presence

f the interaction tested by including an interaction term between

he randomized group and the subgroup covariate of interest, ad-

usting for all the other variables considered. 

An explorative analysis to evaluate factors affecting the inci-

ence of PUs of any stage was performed using a multivariable

og-binomial model, also testing a potential effect modification of

raden Score according to randomization group. All statistical anal-

ses were performed on the modified intention-to-treat (ITT) pop-

lation excluding patients with missing outcome. To preserve the

TT principle for the primary outcome comparison, we imputed

oth a favorable (no PU event, best scenario) and an unfavorable

utcome (PU event, worst scenario) on patients in the experimen-

al group with missing data. All statistical analyses were performed

ith Stata version 11.2. 
.6. Ethics 

The study was conducted in accordance with the Helsinki Dec-

aration of 1975 and the European Union Trial Regulations. Ethi-

al approval was granted by the health service and university hu-

an research ethics committees: Principal investigator (P.I.) cen-

er approval CE AVEC 41/2019/DISP/IOR. After the P.I. center ap-

roval, each hospital and research institute received specifical ap-

roval from their own Institutional Review Board (IRB). Informed

ritten consent was asked to each participant, each IRB granted

o obtain consent by proxy in case of patients unable to pro-

ide informed consent. The study has been regularly registered at

ww.clinicaltrials.gov (NCT03900455). 

. Results 

.1. Participants 

In the study period, 977 patients admitted to eight surgical

nits, eight medical units and six intensive care units of 12 cen-

res were screened for eligibility. After exclusions, 711 participants

ere included in the study and randomized to either the posi-

ioning of a multi-layer polyurethane foam dressing shaped for

he sacrum area in addition to the standard PUs preventive care

intervention group) or to the PU preventive care alone (control

roup). After randomization, two patients admitted to ICU and ran-

omized to multi-layer foam dressing arm declined further partic-

pation, therefore they did not receive the allocated intervention.

ig. 1 shows the flow of participants. Participant characteristics

ere similar between the groups at trial entry ( Table 1 ). 

.2. Clinical outcomes 

According to clinical setting, the application of a multi-layer

olyurethane foam significantly reduced sacral PUs in patients

dmitted to medical (intervention group: 3.5% vs control group:

2.7%; p = 0.010) and surgical units (intervention group: 5.6% vs

ontrol group: 14.6%; p = 0.010). The foam dressing resulted in an

bsolute PUs reduction of 9.2% (95% CI 2.3%to 16.1%) and 8.9% (95%

I 2.0% to 15.8%) and a relative PUs reduction of 72.2% and 61.4%

n patients admitted to medical and surgical units, respectively. To

revent the development of one PU, 11 (95% CI 6 to 44) patients

dmitted to medical units and 11 (95% CI 6 to 49) patients admit-

ed to surgical units need to be treated. 

The multi-layer polyurethane foam dressing did not result in a

ignificant reduction in the incidence of PUs in intensive care pa-

ients (intervention group: 5.2% vs control group: 10.4%; p = 0.141).

his evidence is also confirmed in the most favorable scenario for

he experimental group, considering the two patients with miss-

ng outcomes as if they did not developed PU (5.1% vs 10.4%,

 = 0.132). Considering the incidence of sacral PUs of any stage in

he whole patient population, 17 out of 351 patients (4.8%) in the

ntervention group developed sacral PUs compared with 46 out of

58 (12.8%) in the control group ( p < 0.001). 

The absolute difference in PUs incidence was 8% (95% CI 3.9% to

2.1%). The NNTB (number needed to treat to benefit) was 12 (95%

I 8 to 26) ( Table 2 ). 

The subgroup analyses of the primary outcome performed ac-

ording to gender, clinical setting, Braden score at admission

howed no evidence of any effect modification of the multi-layer

olyurethane use ( Fig. 2 ). Otherwise, the benefit seems to be lower

n younger patients, although not statistically significant possibly

ue to a sample size too small to detect this difference. Overall,

 higher Braden score seems to have a protective effect on the

rimary outcome. Stratifying by trial groups, this effect tends to

http://www.clinicaltrials.gov
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Fig. 1. CONSORT 2010 Flow Diagram. 

Table 1 

Baseline characteristics of at-risk hospitalized patients assigned to the application of a multi-layer silicone-adhesive polyurethane foam dressing shaped for the sacrum in 

addition to standard PUs preventive care or standard PUs preventive care alone. Values are number (percentages) unless stated otherwise. 

Characteristics Multi-layer foam dressing ( n = 353) Standard PUs preventive care ( n = 358) 

Mean (SD) age (years) 77.5 (13.6) 78.2 (13.0) 

Male gender 157/351 (44.7%) 156/357 (43.6%) 

Admitted/coming from 

Emergency Department 220/351 (62.7%) 221/351 (61.7%) 

Short-stay Observation Unit 21/351 (6.0%) 15/351 (4.2%) 

Other unit/hospital 91/351 (25.9%) 92/351 (25.7%) 

Home 19/351 (5.4%) 24/351 (6.7%) 

Clinical area 

Intensive care units 98 (27.8%) 96 (26.8%) 

Medical units 113 (32.2%) 118 (33.0%) 

Surgical units 142 (40.5%) 144 (40.2%) 

Mean (SD) Braden Index score at admission ∗ 13.2 (2.5) 13.2 (2.5) 

Lenght of stay ≥ 7 days 208 (59.3%) 223 (62.3%) 

Mean (SD) Lenght of stay (discharge within 7 days from admission) 4.1 (1.6) 4.1 (1.6) 

Patients with diaper 266 (75.8%) 271 (75.7%) 

Mean (SD) days with a diaper 3.8 (2.8) 3.8 (2.9) 

Patients with urinary catheter 273 (77.8%) 265 (74.0%) 

Mean (SD) days with a urinary catheter 3.8 (2.7) 3.5 (2.8) 

Mean (SD) days with no informal caregiver § 2.2 (2.7) 2.1 (2.6) 

Patients with a higher-specification foam mattress 0 161/350 (45.9%) 166/358 (46.4%) 

Mean (SD) days with a higher-specification foam mattress 1.9 (2.5) 1.8 (2.5) 

Patients with a dynamic anti-decubitus mattress 264/350 (75.2%) 267/358 (74.6%) 

Mean (SD) days with a dynamic anti-decubitus mattress $ 3.9 (2.9) 3.8 (2.8) 

Mean (SD) days with vasopressor drugs 1.5 (2.1) 1.4 (2.0) 

Mean (SD) days with sedative drugs 2.0 (2.5) 1.5 (2.1) 

Mean (SD) days with mechanical/assisted ventilation 2.1 (2.6) 1.5 (2.1) 

Mean (SD) days with hypothermia 0.2 (0.5) (0.4) 

PU = Pressure ulcer; SD = Standard Deviation. 
∗ Braden Index score = from 6, severe risk, to 23, no risk of pressure ulcers. 
§ Presence of an informal caregiver, such as a family member, a friend or another lay caregiver, at the patient’s bedside for less than half day. 
0 

Higher specification foam mattress = mattress that relieves pressure via optimum patient immersion and envelopment while enabling patient position changes. 
$ Dynamic anti-decubitus mattress = mattress- that has air cells that alternately inflate and deflate in a cycle to relieve pressure at different anatomical sites for short 

periods. 
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Table 2 

Primary and secondary outcome measures in at-risk hospitalized patients (modified ITT population) assigned to the application of a multi-layer silicone-adhesive 

polyurethane foam dressing shaped for the sacrum in addition to standard PUs preventive care or standard PUs preventive care alone. Values are number (percent- 

ages) unless stated otherwise. 

Outcome measures N (%) P-value Absolute risk reduction 

(95% CI) 

Relative risk reduction 

(95% CI) 

NNT ∗

(95% CI) 
Multi-layer foam 

dressing ( n = 351) 

Standard PUs 

preventive care 

( n = 358) 

Primary outcome 

Incidence of sacral 

PUs of any stage 

By clinical setting 

Intensive care 

units ( N = 96 + 96) 

5 (5.2%) 10 (10.4%) 0.141 5.2% ( −2.3, 12.8) 50% ( −40.8, 82.2) 19 (NNTB 8 

to ∞ to 

NNTH 43) 

Medical units 

( N = 113 + 118) 

4 (3.5%) 15 (12.7%) 0.010 9.2% (2.3, 16.1) 72.2% (18.6, 90.5) 11 (6, 44) 

Surgical units 

( N = 142 + 144) 

8 (5.6%) 21 (14.6%) 0.010 8.9% (2.0, 15.8) 61.4% (15.7, 82.3) 11 (6, 49) 

Overall 17 (4.8%) 46 (12.8%) < 0.001 8.0% (3.9, 12.1) 62.3% (35.5, 78) 12 (8, 26) 

Secondary 

outcomes 

Incidence of sacral 

PUs ≥II stage 

Overall 10 (2.9%) 15 (4.2%) 0.223 1.3% ( −1.4, 4.0) 32% ( −49.3, 69) 75 (NNTB 

25 to ∞ to 

NNTH 73) 

∗ NNTB = number needed to treat (benefit), NNTH = number needed to harm. 

Fig. 2. Summary of subgroup analyses of primary outcome (incidence of sacral PUs of any stage at 7 days from hospital admission). 
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ncrease in the control group, but to decrease in the intervention

roup. Although this result was not statistically significant. 

Incidence of sacral PUs ≥ II stage - No overall significant differ-

nces (intervention group: 2.9% vs control group: 4.2%; p = 0.223)

ere found between trial arms for the incidence of sacral PUs of

I stage or higher. For this secondary outcome, the developed PUs

ere of stage II. No stage III or IV PUs were found. 

Other secondary outcomes – No discomfort and skin adverse

vents were reported in patients treated with the multi-layer foam

ressing. The average number of dressings used to ensure 7 days
f treatment was 1.7 dressings per patient. The analysis of inci-

ence over time of PU development performed with the Kaplan-

eier method, showed that the protective effect of the multi-layer

oam dressing is evident in the first few days and is maintained

hroughout the 7-day period ( Fig. 3 ). For patients who have expe-

ienced PUs, the onset occurred, on average, on the 4th day (mean

umber of days) and did not differ significantly between groups

intervention group: 3.52 vs control group; 3.50; p = 0.869) 
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Fig. 3. Kaplan-Meier analysis. 
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. Discussion 

This large multicenter randomized control trial aimed to in-

estigate the effectiveness of a multilayered polyurethane foam

ressing applied to the sacral region in addition to standard pre-

entive care compared to standard preventive care alone in pre-

enting PUs in patients admitted to surgical, medical and inten-

ive care units. This study found that the application of the foam

ignificantly reduced sacral PUs incidence in patients admitted to

edical and surgical units, with a point estimate of the differ-

nce slightly smaller than the anticipated one of 11.1% (9.2% and

.9% respectively in the medical and surgical area); however no

onclusive evidence was found for patients admitted to critical

are units, contrary to previous studies conducted in ICU clini-

al settings ( Santamaria et al., 2015 ; Chaiken, 2012 ; Padula, 2017 ;

alowes et al., 2016 ; Saab et al., 2015 ; Byrne et al., 2016 ). An ex-

lanation for this latter result may be due to a potential lower ef-

cacy compared to the other two hospital settings and to the ICU

ubgroup presenting not enough power to detect statistical signifi-

ance. 

Our study did find strong evidence in the medical and surgi-

al population, in this regard our results are consistent with the

U incidence range (2.4% −45.9%) indicated by a recent system-

tic review evaluating the effects of advanced wound dressings

n PU prevention ( Moore and Webster, 2018 ) and confirm also

he findings reported by other two trials ( Beeckman et al., 2021 ;

orni et al., 2018 ), which found a 4% and a 4.5% incidence rate in

he intervention group, respectively. 

Moore and colleagues, in their Cochrane systematic review

 Moore and Webster, 2018 ), highlighted how most previous stud-

es were assigned low-certainty evidence on the effectiveness

f dressings for PUs prevention, downgraded for very serious

isk of bias especially related to allocation concealment, se-

ective reporting and random sequence generation. Just one

f the included studies ( Walker et al., 2017 ) met the criteria

or low risk of biases on these key domains, however it was

 feasibility study, and it did not find a clear difference in

Us incidence between the dressing group and the control group.

The participation of 25 medical, surgical and intensive care

nits of 12 Italian hospitals, including research institutes, large-size

eaching hospitals and small to large-size public general hospitals

onstitutes a methodological strength of this study and along with

he achieved sample size, contributes to strengthen the generaliza-

ion of the results for the medical and surgical patient population. 

Another strength lies on the low risk of biases for allocation

oncealment, selective reporting, random sequence generation, and
or the blinded analysis of outcomes data by people who were

ot involved in intervention design and delivery. Performance bias

ay, on the other hand, have occurred because patients, care-

ivers and healthcare professionals could not be blinded to the

tudy procedures and devices. Nevertheless, preventive PUs strate-

ies were equally distributed between the groups (intervention and

ontrol), thus revealing comparable groups. Another limitation of

he present study was the unblinding of outcome assessors. In

 previously published study ( Nixon et al., 2019 ) evaluating the

ffectiveness of Pressure Relieving Support Surfaces in PUs pre-

ention, the assessment of the primary endpoint was done with

entral blind review of photographs. However, in our study the

oam dressing created a skin imprint which lasted for a consid-

rable amount of time; therefore, the patient would have had to

tay without the dressing for a long time in order to allow health

rofessionals to take the photographs, increasing the risk of pres-

ure ulcers and potentially undermining the results of the study.

or this reason, and considered the pragmatic nature of the trial, a

entral blind review of photographs was not considered. 

The inclusion of stage I PUs in the primary outcome and the

bserved lack of statistical significance as regarding the PUs ≥
I stage, could be seen as a limitation of the study, due to the

igher variability involved with recognition of stage I PUs. How-

ver, recognition and prevention of stage I PUs constitute a cru-

ial element. The systematic review by Coleman and colleagues

 Coleman et al., 2013 ) reported that there is a strong association

etween stage I PUs and subsequent stage II PUs, and that the

resence of a stage I PU increases the odds of subsequent stage II

y 2–3 fold. Also, the EPUAP, NPIAP and PPPIA guidelines (2019) re-

orted that non-blanchable erythema is an indication of a Stage

 pressure injury and that this type of lesion is prone to develop

nto more severe pressure ulcers. Therefore, we decided to follow

he example of the Cochrane Systematic Review of Moore and Col-

eagues (2018) “Dressings and topical agents for preventing pres-

ure ulcers” which have chosen pressure ulcers of any stage as the

rimary outcome. 

The absence of blinding of outcome assessors might have also

ed to an overestimation of PUs in the control group as com-

ared to intervention group, especially for stage I PUs, which, as

reviously discussed, may be prone to more subjective classifica-

ion. However, this is another element reflective of pragmatic, real-

orld practice; it is also important to say that all the study nurses

ere expert in PUs assessment and their evaluations were consis-

ent with the wound care specialist’s judgement. 

This trial evaluated the use of a foam dressing as an addition

o a comprehensive package of care that involved standard hos-

ital mattresses, high specification foam mattresses, and dynamic

attresses in addition to regular assessment and turning. The fact

hat most patients were on dynamic mattresses during their stay

oints to a high standard of care available to the patients, which

ight not be considered standard care in other jurisdictions, re-

ucing generalizability of the findings in certain settings. How-

ver, it is important to highlight that the use of specification foam

nd dynamic mattresses is in line with EPUAP, NPIAP, and PPPIA

uidelines (2019) , that recommend their use for patients at risk

f developing PUs, which was our study population. On the other

and, this further points out at the potential of the multi-layer

olyurethane foam for the jurisdictions currently using other pre-

ention tools in a minor extent, and that could indeed further ben-

fit from the intervention studied. Moreover, it is true that posi-

ioning the patient on a support surface might influence the out-

ome of interest; nevertheless, in the present study, the percent-

ge of patients with higher specification foam or dynamic anti-

ecubitus mattress was similar between the groups (intervention

nd control), thus minimizing possible confounding effect. 
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Compared to other previous studies on this topic, which consid-

red shorter follow up periods ( Walker et al., 2017 ; Strauss et al.,

019 ), this project had a follow up period of 7 days. The cut

ff of 7 days has been decided based on the evidence found in

he literature regarding the average time needed to develop a

U in similar clinical settings of the Italian context ( Palese et al.,

017 ; Chiari et al., 2017 ; Forni et al., 2018 ) and in consideration

f the average length of stay (LOS) of the settings selected for

he study: 6.03 days in ICUs, 7.6 days in surgery and 10 days

n medicine. Nevertheless, the length of follow-up constitutes an-

ther limitation of our study compared to others: in a recent trial

 Hahnel et al., 2020 ) conducted in ICUs, patients were followed

p for an average of 12.6 days. In the study of Beeckman and

olleagues ( Beeckman et al., 2021 ), which includes both ICUs and

on-ICU wards, patients were followed for a maximum of 14 days.

n another early longitudinal study performed by Schoonhoven and

olleagues ( Schoonhoven et al., 2007 ) that involved clinical settings

imilar to our study (surgical, internal, neurological and geriatric

ards), patients were followed up for 13 weeks. However, the au-

hors did not report the mean length of stay, which could be very

ifferent from the LOS reported in our context. Moreover, it is im-

ortant to highlight that in the Schoonhoven study PUs preventive

easures had been taken just for 57 of the patients involved in the

tudy, corresponding to 4.6% of the total sample, and this could

ave led to the development of pressure sores over a prolonged

eriod. On another note, 48% of the PUs developed in the study

f Schoonhoven appeared to be located on heels, elbows, hips, an-

les and shoulder blades, which were not considered in our study,

lso due to the fact that these PUs may have different times of

evelopment. Nixon and colleagues ( Nixon et al., 2019 ) conducted

 study on pressure relieving support surfaces using 30 days for

he primary outcome of pressure ulcer incidence, however it was

erformed in different clinical settings (adult secondary care and

ommunity inpatient acute admission facilities) compared to our

tudy. Moreover, the authors did not report the mean length of

tay but an overall mean of 13 days between admission to ran-

omizing, thus making us assume that the average hospital stay

n those contexts was much higher than ours and demonstrating a

igher performance bias, due to the potential development of PUs

rior to the positioning on the surfaces. 

Finally, as compared with the recent study of Beeckman and

olleagues ( Beeckman et al., 2021 ), we analyzed data with a more

xtensive level of detail, breaking down the analysis in specific

ubgroups (medical, surgical and intensive care units) and not just

nto ICUs and non-ICUs. The reason behind this choice lies with

he fact that the characteristics of patients admitted to medical

nd surgical units are generally very different. Moreover, we re-

orted the average number of dressings used per patient to ensure

reatment to permit a cost-effectiveness evaluation, which could be

ery interesting for healthcare organizations. 
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