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Introduction

The development of pressure injuries (PIs) is used as an indicator of nursing care 
quality [1] because it is the most serious manifestation of impaired skin integrity. PIs 
are associated with morbidity or mortality from various diseases in hospitalized pa-
tients and cause an increase in the duration of hospital stays [2]. Even though hospi-
tals assess risk groups for PIs, prevent them according to standardized PI guidelines 
and apply advanced products and technologies for wound care, the incidence of PIs 
has not decreased. This is because factors such as population aging and increased 
chronic underlying diseases make PIs inevitable [3]. Many studies on the degrees of 
PI healing have been conducted due to the increased importance of PI treatment.

For the treatment of PIs, it is most important to relieve pressure from the PI area, 
remove necrotic tissue to promote development of granulation tissue, and provide 
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Abstract

Background: As chronic wounds such as pressure injuries (PIs) are frequently colonized and can easily deteriorate into infection, it is im-
portant to reduce their bacterial load, for which antimicrobial dressings can be needed. This study aims to evaluate the efficacy of a 3% po-
vidone-iodine (PVP-I) foam dressing compared to that of a silver foam dressing. 
Methods: This prospective non-inferiority study was conducted between 2016 and 2019 at three sites in South Korea. A total of 80 PI sub-
jects were randomized to be dressed with either PVP-I foam (experimental group) or silver foam (control group) for up to 8 weeks. 
Results: Based on the Pressure Ulcer Scale for Healing (PUSH) tool, 25.0% of the experimental groups and 17.5% of the control groups 
(χ2 =0.743, P=0.389) healed by more than 70%. The degree of reduction in wound size was analyzed using Image J, and the experimen-
tal and control groups decreased by 41.6%±35.3% and 49.7%±38.2% (t=–0.986, P=0.327), respectively. A Kaplan-Meier survival 
analysis to confirm the time to heal showed that if more than 30% of the PUSH score was healed, the time to heal was 27.0±9.3 days and 
18.0±2.8 days in the two groups (χ2 =3.225, P=0.073), respectively. The healing rates at 50 days were 85.8%±8.9% and 93.9%±5.7% 
in the two groups (P=0.073), respectively. There were no statistically significant differences between the groups in all results. 
Conclusion: This study demonstrated the non-inferiority of the 3% PVP-I foam dressing compared to the silver foam dressing for PI treatment.

Keywords: Pressure ulcer; Wound healing; Povidone-iodine; Polyurethane foam

pISSN 2586-0402 
eISSN 2586-0410

https://orcid.org/0000-0002-0131-3565
https://orcid.org/0000-0003-4711-6775
https://orcid.org/0000-0002-5325-4448
https://orcid.org/0000-0002-1854-8256
https://orcid.org/0000-0003-3847-989X
https://orcid.org/0000-0003-4709-3964
http://crossmark.crossref.org/dialog/?doi=10.22467/jwmr.2017.00108&domain=pdf&date_stamp=2017-05-30


Park KH et al.
Efficacy of 3% PVP-I foam dressing

14 www.jwmr.org  https://doi.org/10.22467/jwmr.2023.02376

adequate hydration. Dressings of various materials are used 
for PI management to achieve these goals, among which poly-
urethane foam is particularly useful because it can absorb ex-
cess exudate and keep the PI area moist while reducing exter-
nal pressure [4]. Meanwhile, PIs are by definition ischemic ar-
eas that do not receive nutrition, oxygen, immune cells, anti-
bodies or antibiotics normally, and are made more susceptible 
to infection by neurological disorders [5]. Chronic wounds in-
cluding PIs do not easily show symptoms of acute infection; 
the symptoms are noted only when the infection is chronically 
advanced [6]. On the other hand, chronic wounds such as PIs 
are very frequently colonized to a certain extent. As a result, 
biofilms can easily form on PIs and deteriorate into local infec-
tion or spread to become a systemic infection [7], so reducing 
the bacterial load is essential [8]. In particular, infection 
should be suspected if the area where a PI frequently occurs is 
close to the perianal region or buttocks, where contamination 
from feces can repeatedly take place [9], and where there is al-
ways the potential to progress to an infection [10]. Therefore, 
if microorganisms colonize the wound or delay wound heal-
ing, antiseptics or antibacterial dressings should be used [11]. 

However, since most antimicrobial dressings available in 
Korea are expensive imported silver dressings, less costly 
dressings containing antimicrobial agents such as povidone-
iodine (PVP-I), an antiseptic that is commonly used in Korea, 
are needed. While 10% PVP-I is a commonly used antiseptic 
for infected wounds, it can inhibit the growth of new tissue 
when used on open wounds. However, if an equilibrium is es-
tablished in the composition, concentration and temperature 
of a povidone-free iodine composition, problems associated 
with skin exposure to early iodine components can be mini-
mized [12]. A meta-analysis of an in vivo study also found that 
PVP-I may delay wound healing in the early stages of use, but 
as the overall total time for healing is not affected, the Wound 
Healing Society and the Japanese Pressure Ulcer Advisory 
Panel tend to allow the use of PVP-I [13]. Recent studies on 
the efficacy and safety of a foam dressing containing 3% PVP-I 
foam reported that among several different types of dressings, 
3% PVP-I foam dressings best promoted wound healing based 
on the rates of re-epithelization, new blood vessel formation, 
collagen deposition, and permeation of antimicrobial agent 
into tissues [14-16]. In light of these results, this study was de-
signed to evaluate the efficacy of 3% PVP-I foam dressings for 
the treatment of PI lesions compared to silver foam dressings. 
In this non-inferiority trial, 3% PVP-I foam dressing (Beta-
foam N, Genewel) and silver foam dressing (Mepilex Ag, 

Mölnlycke Health Care) were applied to PI subjects to com-
pare the efficacy of PI healing in terms of the degree of healing, 
reduction of wound size, and the time to heal.

Methods

Study design and subjects
This prospective randomized non-inferiority trial to evaluate 
the utility of a 3% PVP-I foam dressing for PI treatment was 
conducted between April 2016 and December 2019 at three 
sites in South Korea. Subjects with PIs on their buttocks were 
assessed for eligibility based on the following key inclusion 
criteria: age ≥19 years; no dermatitis or ischemic disease 
throughout the body or PI area; no clinical symptoms of local 
infection at the PI site; PI size ≥1 cm2; PI stages 2, 3, or 4 (only 
stage 4 PIs which had recently turned into stage 4 were includ-
ed); no chronic hyperglycemia (blood glucose level <200 mg/
dL or hemoglobin A1c ≤7); and stable vital signs allowing the 
patients to change position every 2 hours. The main exclusion 
criteria were hypersensitivity reactions to PVP-I or silver. 

For selection, a screening number was assigned to each sub-
ject, and after completing all screening processes, if the subject 
was found suitable for this study, a random assignment num-
ber was sequentially assigned, and Betafoam N was applied to 
the experimental group while Mepilex Ag was applied to the 
control group. The screening numbers and randomization 
numbers for subjects who dropped out of the study were also 
removed together with the corresponding subjects and not re-
assigned to new subjects. New subjects were assigned a new 
subject screening number and randomization number. This 
study was approved by each Institutional Review Board (2015-
06-123, 2016-07-035, 2017-04-003), and all subjects partici-
pated in this study after providing written informed consent. 

Study procedures 
Demographic and pertinent clinical data were collected from 
the subject’s medical records or through direct assessment. 
This included sex, age, major diagnosis, classification of PI, 
Pressure Ulcer Scale for Healing (PUSH) score, and Image J 
score. The subjects were also evaluated by the Braden scale 
score, body mass index, hematological tests, vital signs, the use 
of vitamins or steroids, use of vasopressor for >48 hours, use 
of any support surfaces or devices, and ability of regular repo-
sitioning. The Malnutrition Universal Screening Tool devel-
oped by the Malnutrition Advisory Group of the British Asso-
ciation for Parenteral and Enteral Nutrition for nutritional as-
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sessment was used to evaluate nutritional status. Past medical 
history was checked for PI history, diabetes and hypertension, 
and the presence of urinary and fecal incontinence. PIs were 
categorized into six classifications according to the National 
Pressure Injury Advisory Panel, and only stage 2 to 4 PIs were 
included in this study. The PUSH tool developed by National 
Pressure Injury Advisory Panel was used to evaluate the de-
gree of PI healing and time to heal by observing three vari-
ables: ulcer size (1–10 points), exudate (1–3 points) and tissue 
type (0–4 points). Afterwards, the three subscale scores were 
added up to generate a cumulative wound status score. The to-
tal score is between 0 and 17 points, and a larger score indi-
cates a more severe PI condition. PUSH tool measurers were 
trained for 1 hour using PowerPoint and printed materials be-
fore the study. Afterwards, they were shown five cases on a 
computer and evaluated the tool’s intraclass correlation of 
0.96. The degree of PI size reduction was confirmed before 
and after the study using an Image J program developed by the 
National Institute of Health. The time to heal was analyzed us-
ing PUSH scores. 

The subjects were evaluated through the PUSH tool, Image J 
score, and blood tests by one wound ostomy continence nurse 
(MK) in the initial stage. The dressings for both groups were 
changed by the unit’s nurses every 3 days, for up to 8 weeks 
(cases of complete healing were excluded from dressings), and 
subjects who withdrew before 8 weeks (deaths, disability to 
change position, terminal cases giving up on treatment, cessa-
tion of participation, surgery, and discharge) had their dress-
ings changed until they dropped out. At the end of the study, 
the wound ostomy continence nurse evaluated the PUSH score 
and Image J score. All subjects received our facility’s standard 
PI preventive care bundle that included turning and reposi-
tioning every 2 hours, regular skin cleansing and application 
of a skin protectant, etc.

Statistical analyses 
The sample size was determined using a method of calculating 
the number of non-inferiority binary variable samples. Statis-
tical significance was set at 5%, and the power was set at 80% 
using a 1:1 group size ratio and 2-sided tests. Based on the lit-
erature [9], a PI healing rate of 80%, up to 12% difference in 
healing rates between the two groups [17], and a drop rate of 
20% was predicted. It was determined that a total of 80 cases, 
40 cases in each group, were to be included in the study.

Data were analyzed using the SPSS software program ver-
sion 22.0 (IBM Corp.). The demographics, characteristics re-

lated to PI, and homogeneity of the two groups were com-
pared using chi-square test or independent t-test, analysis of 
variance, Fisher exact test, and Fisher-Freeman-Halton exact 
test. The degree of PI healing was analyzed using a chi-square 
test, the degree of reduction in PI size was analyzed using an 
independent t-test, and the time to heal was analyzed using 
Kaplan-Meier survival analysis in the experimental group (3% 
PVP-I foam dressing) and control group (silver foam dress-
ing). To prevent attrition bias and reflect the intention to treat, 
80 subjects including all dropout subjects were analyzed and 
missing values were treated statistically.

RESULTS 

Disposition and baseline characteristics of subjects
Initially 86 subjects were screened, and six subjects who with-
drew their informed consent were excluded. A total of 80 sub-
jects, 40 subjects in each group, were enrolled including 16 sub-
jects (five deaths, five unable to change position, three giving 
up treatment due to unrecoverable terminal status, one re-
nouncing participation, one surgery, and one discharge) who 
withdrew during the study. The subjects’ data was then ana-
lyzed (Fig. 1). The average age of subjects was 62.7±13.4 years 
in the experimental group and 65.7±15.3 years in the control 
group. In the classifications of PIs, there was no statistical differ-
ence between the two groups, with 22 (55.0%) and 18 (45.0%) 
in PI stages 2 and 3, respectively, in the experimental group; 
and 26 (65.0%) and 14 (35.0%) in the control group (χ²= 
0.833, P=0.361), respectively. The homogeneity of the two 
groups was analyzed using a chi-square test or independent t-
test to compare demographics and PI-related characteristics. 
No significant differences were found between the two groups 
(Table 1).

Intervention effect   
The efficacy of PI healing was evaluated by three measures: the 
degree of healing using PUSH, the degree of reduction in PI 
size using Image J, and the time to heal using the Kaplan-Mei-
er survival analysis. 

First, for the degree of healing based on PUSH, subjects from 
the two groups with 70%, 50%, and 30% degrees of healing 
were compared based on PUSH scores. In the experimental 
and control groups, 25.0% (10 cases) and 17.5% (7 cases), re-
spectively, healed by more than 70% (χ2 =0.743, P=0.389); 
while 32.5% (13 cases) and 42.5% (17 cases), respectively, 
healed more than 50% (χ2=0.891, P=0.345); and 55.0% (22 
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Fig. 1. Study enrollment flow for intention to treat analysis. PVP-I, povidone-iodine.

Assessed for eligibility (n=86)

Randomized (n=80)

Experimental group

Applied 3% PVP-I foam dressings,
as allocated (n=40)

Withdrawn (n=8)
Reasons:

Death (n=2)
Surgery (n=1)
Unable to change position (n=3)
Unable to recover (n=2)

Analyzed including withdrawn
(n=40)

Withdrawn (n=8)
Reasons:

Death (n=3)
Stop to participate (n=1)
Unable to change position (n=2)
Unable to recover (n=1)
Discharged (n=1)

Analyzed including withdrawn
(n=40)

Control Group

Applied silver foam dressings,
as allocated (n=40)

Withdrawal of consent (n=6)

cases) and 67.5% (27 cases) respectively healed more than 30% 
(χ2=1.338, P=0.247). There was no statistically significant dif-
ference between the groups (Table 2). Second, the degree of re-
duction in wound size was measured using Image J (1.52a) to 
analyze the difference in the PI size before and after treatment. 
The experimental and control groups decreased by 41.6%± 
35.3% and 49.7%±38.2%, respectively, demonstrating was no 
statistically significant difference (χ2=–0.986, P=0.327). Third, 
the Kaplan-Meier survival analysis to confirm the time to heal 
showed that if more than 30% of the PUSH score was healed, 
the time to heal was 27.0±9.3 days for the experimental group 
and 18.0±2.8 days for the control group, but there was no sig-
nificant difference between the two groups (χ2 =3.225, P= 
0.073). The healing rates at 50 days were 85.8%±8.9% and 
93.9%±5.7% in the experimental and control groups, respec-
tively (P=0.073), but there was no significant difference be-
tween the two groups (Fig. 2). No complications from the ap-
plication of dressings were observed in either group.

Discussion

This study is the first non-inferiority study on PIs designed to 
compare the efficacy of two antimicrobial dressings (3% PVP-
I foam dressing and silver foam dressing) based on the degree 
of healing, the degree of reduction in wound size, and the time 

Fig. 2. Cumulative healing rates of pressure injuries.
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Table 1. Subject characteristics and testing for homogeneity between groups 

Variable Experimental group (n=40) Control group (n=40) t/χ2 P-value

Sex Male 22 (55.0) 23 (57.5) 0.051 0.822

Female 18 (45.0) 17 (42.5)

Age (yr) 62.7±13.4 65.7±15.3 –0.930 0.355

Major diagnosis Gastrointestinal 12 (30.0) 7 (17.5) 1.225 0.745c)

Musculoskeletal  6 (15.0) 6 (15.0)

Cardio & neurovascular 17 (42.5) 14 (35.0)

Respiratory  5 (12.5) 10 (25.0)

Others 0 3 (7.5)

PI classification 2 Stage 22 (55.0) 26 (65.0) 0.833 0.361

3 Stage 18 (45.0) 14 (35.0)

PUSH score 10.4±1.4 10.3±2.9 0.183 0.856

Image J sore (cm2) 3.6±4.6 11.3±37.7 1.293 0.203

Braden scale score 13.4±3.3 13.6±3.4 –0.228 0.821

Body mass index (kg/m2)a) 21.0±3.8 21.4±4.1 –0.437 0.663

White blood cell (×103/mm3) 9.7±7.4 8.5±3.2 0.934 0.355

Hemoglobin (g/dL) 10.5±1.4 12.9±16.2 –0.957 0.342

Glucose (mg/dL) 135.3±40.5 133.2±21.5 0.246 0.807

Albumin (g/dL) 3.1±0.6 3.2±0.6 –0.493 0.624

Blood pressure (mmHg) 87.4±10.3 86.2±9.8 0.512 0.610

Pulse rate (rate/min) 83.2±14.2 83.2±15.1 –0.023 0.982

Body temperature (°C) 36.5±0.3 36.6±0.4 –0.702 0.485

Medication     

   Vitamin Yes 35 (87.5) 37 (92.5) 0.09 0.342

  No 5 (12.5) 3 (7.5)

   Steroid Yes 16 (40.0) 11 (27.5) 2.43 0.137

No 24 (60.0) 29 (72.5)

   Vasopressors >48 hr Yes 18 (45.0) 14 (35.0) 2.37 0.079

No 22 (55.0) 26 (65.0)

Support surface Yes 38 (95.0) 37 (92.5) 0.213 1.000b)

No 2 (5.0) 3 (7.5)

Reposition Yes 40 (100.0) 40 (100.0) - -

No 0 0

MUST score 0.23±0.34 0.20±0.25 1.72 0.423

Past historya)

   PI Yes 30 (83.3) 36 (92.3) 1.428 0.298b)

No   6 (16.7) 3 (7.7)

   Diabetes mellitus Yes 22 (61.1) 25 (64.1) 0.072 0.789

No 14 (38.9) 14 (35.9)

   Hypertension Yes   21 (58.3) 20 (51.3) 0.376 0.540

No 15 (41.7) 19 (48.7)

   Cardiovascular  disease Yes 34 (94.4) 38 (97.4) 0.436 0.605b)

No 2 (5.6) 1 (2.6)

   Urinary incontinence Yes 27 (75.0) 25 (64.1) 1.046 0.307

No   9 (25.0) 14 (35.9)

   Fecal  incontinence Yes 25 (69.4) 32 (82.1) 1.631 0.202

No 11 (30.6) 7 (17.9)

Values are presented as number (%) or mean±standard deviation.
PI, pressure injury; PUSH, Pressure Ulcer Scale for Healing; MUST, Malnutrition Universal Screening Tool.
a)Missing data; b)Fisher exact test; c)Fisher-Freeman-Halton exact test.
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to heal. Notably, none of the subjects had a PI infection during 
the study period. The degree of healing was not significantly 
different between the treatment groups, and neither were the 
degree of reduction in wound size and the time to heal in both 
groups significantly different. 

A variety of wound dressings are available in clinical prac-
tice, designed to absorb and retain wound exudate while main-
taining a moist wound environment for optimal healing [18]. 
Among the various dressing materials, polyurethane foam 
dressings are widely used due to their excellent management 
of exudates and ability to protect wounds from invasive mi-
croorganisms. Recently, foam dressings have been shown to be 
able to play a role in transporting antimicrobial agents, which 
has led to the use of many different types of foam dressings, 
including silver or other bactericidal agents. Silver foam dress-
ings have been frequently used to heal wounds, including PIs, 
burns, and diabetic wounds, which are susceptible to contami-
nation or infection [15]. Since clinical experience has demon-
strated the antimicrobial effects of silver dressings, silver has 
been used in various forms and various types of dressings. 
However, several studies have demonstrated side effects relat-
ed to silver. One study proved that silver has a cytotoxic effect 
on the wound bed and is deposited in organs, which inhibits 
the growth of human fibroblasts, delaying wound healing [19]. 
The use of silver dressing requires careful attention because re-
active oxygen species induced by using silver are highly reac-
tive and cause oxidative DNA damage and inflammation [20].  

Meanwhile, PVP-I is an antiseptic agent commonly used as 
a water-soluble complex with iodine elements bound to syn-
thetic polymers and can be applied to various types of wounds, 
including PIs, abrasions, lacerations, and skin infections. Re-
cently, PVP-I products have been developed on the study-
proven premise [15] that the antimicrobial activity of PVP-I 
contained in dressings is level to that of silver contained in 

dressing products, but with a reduction in cost and cytotoxici-
ty. Although current studies related to the cytotoxicity of PVP-
I are conflicting, some articles have reported improved wound 
healing using PVP-I [21]. The Wound Healing Society and the 
Japanese Pressure Ulcer Advisory Panel also recommended 
the use of different lower concentrations of PVP-I [13]. One 
current study by Lee and Song shows that 3% PVP-I foam 
dressing was the most effective dressing for wound healing 
and re-epithelialization compared to the many types of silver 
foam dressings and gauzes [15]. Although the mechanism is 
still unclear, the 3% PVP-I foam dressing group demonstrated 
significantly more neoangiogenesis and deposition of collagen 
depositions than other groups. Mechanical trauma should be 
minimal when changing dressings and cleansing wounds 
since trauma to the wound bed delays wound healing. Accord-
ingly, when DNA remaining in the dressings at 3, 7, 10, and 14 
days was examined to investigate the degree of tissue damage 
during dressing changes, the 3% PVP-I foam dressing group 
had less separation of tissue than any other group [15].

In our study, there was no significant difference between 
groups in degrees of healing, wound size reduction, or time to 
heal. In addition, it was proven that the healing efficacies of the 
3% PVP-I foam dressing and silver foam dressing were similar.

In the 2018 in vivo study by Lee and Song [15] applying 3% 
PVP-I foam dressing and several other dressing agents (Al-
levyn Ag, Polymen Silver, Mepilex Ag, Medifoam Silver, and 
Gauze) to full-thickness rat wounds, the wound size was most 
noticeably reduced in the 3% PVP-I foam dressing group with 
a significant difference from the other groups by day 14. Pak et 
al. [16] reported the percentage of complete epithelialization 
and wound infection in split-thickness skin graft donor sites 
on postoperative day 14. The full epithelialization time was 
shortest with 3% PVP-I foam dressings (12.74±3.51 days) 
compared to hydrocellular foam dressings (16.61±4.45 days; 
P =0.0003) and petrolatum gauze (15.06 ±44.26 days, 
P=0.0205). On day 14, 83.87% of the 3% PVP-I foam dressing 
donor sites displayed complete epithelialization, while 36.36% 
(P=0.0001) of hydrocellular foam dressing donor sites and 
55.88% of petrolatum gauze donors had completed epitheliali-
zation. Additionally, the PVP-I foam dressings tended to im-
prove exudate management by causing less bleeding and ad-
herence on the wound bed, resulting in less exudate leakage. 
The superior fluid-handling capacity of PVP-I foam dressings 
has also been demonstrated in another previous study [22].

Because cases have been reported in which other antibacte-
rial agents containing silver cause allergic reactions to human 

Table 2. Degree of healing using the Pressure Ulcer Scale for 
Healing (PUSH)

PUSH score
No. (%)

χ2 P-valueExperimental 
group (n=40)

Control group 
(n=40)

<70% 30 (75.0) 33 (82.5) 0.743 0.389

≥70% 10 (25.0) 7 (17.5)

<50% 27 (67.5) 23 (57.5) 0.891 0.345

≥50% 13 (32.5) 17 (42.5)

<30% 18 (45.0) 13 (32.5) 1.338 0.247

≥30% 22 (55.0) 27 (67.5)
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skin when used for a long time, further research will be re-
quired on whether 3% PVP-I foam dressings cause allergic re-
actions or microbial resistance on the skin with long-term use 
[14]. In addition, future studies should be conducted to con-
firm whether 3% PVP-I foam dressings have the effect of heal-
ing PIs even when applied to subjects in long-term care set-
tings or with various clinical wounds. While dressing change 
intervals depend on wound conditions, manufacturers gener-
ally recommend a dressing change interval of up to 3 days for 
3% PVP-I foam dressings and up to 7 days for silver foam 
dressings. However, in terms of cost effectiveness, the price of 
a 3% PVP-I foam dressing is about a quarter of the price of a 
silver foam dressing, and while silver dressings are not cur-
rently allowed for PI treatment by the national health insur-
ance system in Korea, 3% PVP-I foam dressings have the ad-
vantage of being covered by national insurance for PI treat-
ment. Therefore, a more comprehensive analysis is needed to 
evaluate the potential cost savings associated with using 3% 
PVP-I foam dressing, including the cost of dressing changes.
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