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Abstract

Oxidised regenerated cellulose (ORC)/collagen dressings help maintain

physiologically moist wound environments conducive to wound healing.

While evidence supporting ORC/collagen dressing use exists, comprehen-

sive assessment is needed. This systematic review/meta-analysis evaluated

the performance of ORC/collagen dressings compared with standard dress-

ings. A systematic literature search was performed using PUBMED,

EMBASE, and QUOSA Virtual Library. Published studies and conference

abstracts were assessed between 1 January 1996 and 27 July 2020. Compara-

tive studies in English completed by 31 December 2019, with a study popu-

lation ≥10 were included. Patient demographics, wound healing, and

protease concentrations were extracted. A random-effect model was used to

assess the effect of ORC/collagen dressings. Twenty studies were included

following removal of duplicates and articles not meeting inclusion criteria.

A statistically significant effect in favour of ORC/collagen dressings was

found for wound closure (P = 0.027) and percent wound area reduction

(P = 0.006). Inconclusive evidence or limited reporting prevented assess-

ment of time to complete healing, days of therapy, number of dressing

applications, pain, matrix metalloproteinase, elastase, plasmin, and

gelatinase concentration. Statistically significant increase in wound closure

rates and percent wound area reduction were observed in patients receiving

ORC/collagen dressings compared with standard dressings in this system-

atic review/meta-analysis.
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Key Messages
• oxidised regenerated cellulose (ORC)/collagen dressings help maintain

physiologically moist wound environments conducive to wound healing,
although a more thorough assessment of supporting literature is required

• this systematic review/meta-analysis of 20 studies evaluated the perfor-
mance of ORC/collagen dressings compared with standard dressings across
all wound types

• in these 20 studies, use of ORC/collagen dressings was associated with sig-
nificantly increased rates of wound closure and percent wound area
reduction

1 | INTRODUCTION

Rates of chronic and complex wounds have been
increasing,1 leading to the development of advanced
wound dressings targeting the wound environment and
helping remove potential barriers to healing, such as
inadequate moisture and increased concentrations of pro-
teases.2,3 One such dressing family, oxidised regenerated
cellulose (ORC)/collagen dressings, has a growing body
of published literature to support its use. Increased
wound healing rates and reduced protease activity in the
wound bed have been reported in a wide variety of
patients receiving ORC/collagen dressings.4-9

Although much of the available literature seems to be
small case series without comparative dressing groups,
there are a handful of comparative studies, including ran-
domised controlled trials, that have been published. As
such, a more comprehensive assessment of ORC/collagen
dressing use in these comparative studies is needed. This
systematic review/meta-analysis identified a set of com-
parative studies that evaluated the performance of
ORC/collagen dressings compared with standard dress-
ings in patients with all wound types. Differences in
wound area reduction, percent area reduction, wound
closure rates, and concentrations of matrix
metalloproteainase-2 (MMP-2), elastase, plasmin, and
gelatinase were assessed.

2 | METHODS

This systematic review/meta-analysis conformed to the
statement and reporting check list of the Preferred
Reporting Items for Systematic Reviews and Meta-Ana-
lyses.10 The systematic literature review and meta-
analysis was conducted using an internal, unpublished
protocol to evaluate the performance of ORC/collagen
dressings (3M™ Promogran™ Matrix Wound Dressing,
and 3M™ Promogran Prisma™ Matrix, Systagenix
Wound Management Ltd, Gargrave, UK) versus standard

dressings (ie, gauze, film dressings, hydrocolloid dress-
ings, alginate dressings, or silicone dressings).

2.1 | Literature search

A systematic literature search using PubMed, EMBASE,
and QUOSA Virtual Library was performed on 27 July
2020. Literature between 1 January 1996 and 27 July 2020
were assessed. The following search terms were used:
“Promogran” OR “ORC/Collagen” OR “ORC/collagen/sil-
ver-ORC” OR (“oxidized regenerated cellulose AND Colla-
gen”), OR (“kinetic concepts” OR “systagenix”) AND
(“ORC/Collagen” OR “ORC/collagen/silver-ORC” OR “oxi-
dized regenerated cellulose” AND “Collagen.”

Study inclusion criteria were published studies and con-
ference abstracts written in English, comparison of
ORC/dressings over any wound type to standard of care,
and endpoint/outcomes of: healing rate, actual or percent-
age of wound area reduction, number and/or percentage of
wounds healed, time to complete healing, MMP-2, elastase,
plasmin, gelatinase concentration, wound scores, and pain
scores. Studies conducted through 31 December 2019 and
study populations ≥10 were also included in the analysis.
Meta-analyses, reviews, protocols, pre-clinical studies, veter-
inary studies, and studies with <10 patients were excluded.

Studies were selected for inclusion following a review
of titles and abstracts to identify studies for further
review. Full text articles were assessed for eligibility by
two independent reviewers. A third person reviewed the
article when a disagreement occurred.

Data extraction was completed by one reviewer and was
checked by a second independent reviewer. Disagreements
were resolved by discussion between the two reviewers, or a
third reviewer was brought in for review and discussion.
Extracted data included funding source, evidence level, bias
assessments, study date range, wound type, number of
patients enrolled, number of patients analysed, standard of
care treatment, patient characteristics and comorbidities,
differences in baseline characteristics, healing rate, wound

242 CHOWDHRY ET AL.



area reduction, number and/or percentage of wounds
healed or closed, time to complete healing, number of
dressing changes/applications, total days of therapy, adverse
events, haemostasis, wound scores, pain scores, and MMP-
2, elastase, plasmin, and gelatinase concentration.

All studies included in the meta-analysis were
assessed for bias in selection (randomisation and alloca-
tion concealment), performance (blinding of participants
and personnel and outcome assessments), attrition (lost
to follow-up or incomplete outcome data), and reporting
(comparison of reported results to endpoints defined in
the protocol). The Cochrane Collaboration tool for
assessing risk of bias using the low risk, high risk, or
unclear designations was used.

2.2 | Statistical analysis

The meta-analyses were performed by calculating
standardised mean difference using random-effect models
to assess the effect of ORC/collagen dressings versus the
standard dressings on area reduction in cm2. For percentage
of wounds closed, odds ratios (ORs) were calculated using a
random-effect model. Weighted standardised mean differ-
ence and 95% confidence intervals (CIs) were calculated to
pool ORC/collagen and standard dressing groups in each
publication for analysis. The outcomes were measured
using a continuous variable. Treatment effects for each
study were combined, and a random effects model was used
for each analysis performed. The chi-square test of indepen-
dence was used to assess heterogeneity. However, regardless
of the heterogeneity assessment, the more conservative ran-
dom effect models for sensitivity analyses were used. All
analyses were performed using Comprehensive Meta-
Analysis Version 3.3.070 software (Biostat Inc, Englewood,
New Jersey).

Funnel plots were used to assess selection, identifica-
tion, and publication bias displaying the OR by the stan-
dard error of each study. Descriptive graphs were created
for MMP-2, elastase, plasmin, and gelatinase
concentrations.

3 | RESULTS

3.1 | Literature search results

A total of 559 publications were identified during the lit-
erature search. After removal of duplicate publications
(n = 134), 425 abstracts and titles were screened against
the inclusion and exclusion criteria. Reasons for study
exclusion are list in Figure 1. After the completion of the
screening process, a total of 20 comparative studies

representing 2893 patients, of which 1867 (64.5%)
received ORC collagen dressings and 1026 (35.5%)
received standard dressings, were included in the meta-
analysis (Figure 1).11-30

3.2 | Description of studies

Study characteristics of the included abstracts and articles
are listed in Table 1. Eleven randomised controlled
trials,14,15,17-19,22-25,28,29 five prospective
cohorts,11,12,20,21,27 one case–control study,30 and three
retrospective cohorts13,16,26 were included in the meta-
analysis. The most common wound types reported were
diabetic foot ulcers and venous leg ulcers. However,
Snyder et al was not restricted to wound type and
reported results on a wide variety of lower extremity
wounds.26 Eight studies reported patient risk factors for
impaired wound healing including diabetes, peripheral
vascular disease, and hypertension.13,15,16,19,24,27,29 Dress-
ings used in the control group included gauze, dermal
templates, foam hydropolymer dressings, soft silicone
contact layers, hydrocolloid dressings, film dressings, and
non-adherent petrolatum-impregnated dressings. Length
of treatment was reported for five studies with a treat-
ment range from 8 to 56 days for both ORC/collagen and
control dressing groups.11,16,17,19,20 Limited reporting on
time to complete healing, number of dressing changes
and applications, total days of therapy, wound scores,
and pain scores prevented further assessment of these
outcomes.

3.3 | Risk of bias

The randomisation method was adequately explained in
11 studies (Table 2).14,15,17-19,22-25,28,29 However, alloca-
tion masking was unclear in all 20 studies. Blinding of
participants and personnel was considered high risk for
all studies except Gottrup et al, where the participants
and study personnel were blinded to treatment until the
study had ended.15 Blinded outcomes assessments were
high risk for 13 studies and unclear in seven studies
(Table 2). All 20 studies were at low risk for selective
reporting bias.

Because of differences in reporting, not all of the
studies reported on all the assessed outcomes. Thus,
the outcome with the highest number of reporting
studies was used to assess the potential for publication
bias. The funnel plot of odds ratio from wound closure
implies that there is little publication bias in our analy-
sis (Figure 2). The markers that lie outside of the confi-
dence interval depict the heterogeneity of the studies
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in the analysis. This heterogeneity has been controlled
in the meta-analyses by utilising a random effects
model.

3.4 | Proportion of wounds closed

Wound healing was assessed during each study's
follow-up time ranging from 2 weeks to 6 months.

Wounds receiving ORC/collagen dressings were 3.4
times more likely to close than wounds receiving
control dressings (OR = 3.4, 95% CI [1.15, 10.1],
P = 0.027; Figure 3). The Catalfamo et al study
reported wound closures in all wounds for both
treatment groups; therefore, an OR was unable to
be calculated and the study could not be included
in the analysis.

FIGURE 1 PRISMA flowchart showing the literature search process. ORC, Oxidised regenerated cellulose
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3.5 | Percent area reduction

Using a random effects model, patients in the
ORC/collagen group showed a greater percent area
reduction compared with the control group (effect esti-
mate of standard mean difference = 1.11, 95% CI [0.32,
1.90], P = 0.006; Figure 4). Studies that did not report
standard deviations were not included in the analysis.
An I2 value of 0% was obtained indicating that the ran-
dom effects model was successful in controlling for
study variation.

3.6 | Area reduction

Area of reduction was only assessed in two studies
because of lack of reporting in the remaining 18 stud-
ies. The random effects analysis indicated that
patients receiving ORC/collagen showed increased
area reduction compared with patients receiving con-
trol dressings (effect estimate of standard mean dif-
ference = 0.61, 95% CI [0.11, 1.11], P = 0.017;
Figure 5). An I2 value of 0% demonstrates that the
random effects model was successful in controlling
for study variation.

3.7 | MMP-2 concentrations

Four studies reported MMP-2 concentrations (Fig-
ure 6).20,22,25,27 The studies assessed MMP-2 concentra-
tions at different time points and reported different
concentration units; therefore, a meta-analysis was
unable to be performed. Lobmann et al, Motzkau et al,
and Smeets et al did not find any statistically signifi-
cant differences in MMP-2 concentrations at any time
point between ORC/collagen and control groups.20,22,25

However, Ulrich et al found significantly lower con-
centrations of MMP-2 at day 5 in the ORC/collagen
group.27

3.8 | Elastase concentrations

Three studies reported average elastase levels
(Figure 7).18,25,27 Kloeters et al and Smeets et al
observed a reduction in elastase concentrations in the
ORC/collagen group compared across all time
points.18,25 Ulrich et al observed significant reduction
in elastase concentration on day 5, 14, 28, 42, and
56 in the ORC/collagen group.27 A meta-analysis could
not be performed because of the elastase levels being
estimated from graphical presentations.T
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3.9 | Plasmin concentrations

Three studies reported average elastase levels
(Figure 8).18,25,27 All three studies reported reduced
levels of plasmin in ORC/collagen group compared with
the control group, although it was only significant in
Kloeters et al.18,25,27 A meta-analysis could not be per-
formed because of plasmin levels being estimated based
on graphical presentations.

3.10 | Gelatinase concentrations

Two studies reported gelatinase concentrations between
ORC/collagen and control groups (Figure 9).25,27 Ulrich
et al reported significantly reduced levels of gelatinase
in the ORC/collagen group on day 5, 12, 28, and 42.27 A
meta-analysis could not be performed because of
gelatinase levels being estimated based on graphical
presentations.

3.11 | Adverse events

Eight studies reported adverse events.12-15,24,26,28,29

Adverse events were reported in 87 (7.1%) ORC/collagen
group patients and 79 (17.9%) control group patients.
Adverse events included pain, infection, allergic reaction,
and unspecified type (Table 3). Serious adverse events
were reported in 25 (2.0%) ORC/collagen group patients
and 35 (7.9%) control patients. Death was reported in two
ORC/collagen patients and six control patients, although
this was not related to treatment (Table 3).28

4 | DISCUSSION

Chronic and complex wounds can be difficult to heal and
may require the use of advanced wound dressings. With
the large number of advanced wound dressing options
available, a comprehensive assessment of available publi-
shed literature is warranted to evaluate the performance

TABLE 2 Risk of bias within studies

Study
Evidence
level Randomisation

Allocation
masking Blinding

Blinded
outcomes
assessments

Enrolled patients
to number
assessed

Results to
defined
endpoints

Ambrosch 2006 2 High risk Unclear High risk High risk Low risk Low risk

Catalfamo 2013 2 High risk Unclear High risk Unclear Low risk Low risk

Chowdhry 2019 3 High risk Unclear High risk High risk Low risk Low risk

Cullen 2017 1 Low risk Unclear High risk High risk Low risk Low risk

Gottrup 2013 1 Low risk Low risk High risk High risk Low risk Low risk

Griffin 2019 3 High risk Unclear High risk High risk Low risk Low risk

Kakagia 2007 1 Low risk Unclear High risk High risk Low risk Low risk

Kloeters 2015 1 Low risk Unclear High risk High risk Low risk Low risk

Lazaro-Martinez 2007 1 Low risk Unclear High risk High risk Low risk Low risk

Lobmann 2006 2 High risk Unclear High risk Unclear Low risk Low risk

Luedemann 2009 2 High risk Unclear High risk Unclear Low risk Low risk

Motzkau 2011 1 Low risk Unclear High risk Unclear Low risk Low risk

Nisi 2005 1 Low risk Unclear High risk Unclear Low risk Low risk

Schmutz 2008 1 Low risk Unclear High risk High risk Low risk Low risk

Smeets 2008 1 Low risk Unclear High risk Unclear Low risk Low risk

Snyder 2010 3 High risk Unclear High risk Unclear Low risk Low risk

Ulrich 2011 2 Unclear Unclear High risk High risk Low risk Low risk

Veves 2002 1 Low risk Unclear High risk High risk Low risk Low risk

Vin 2002 1 Low risk Unclear High risk High risk Low risk Low risk

Wollina 2005 2 High risk Unclear High risk High risk Low risk Low risk
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FIGURE 2 Funnel plot of studies included in the meta-analysis. Each circle indicates a single study; solid lines indicate the 95%

confidence interval

FIGURE 3 Forest plot of proportion of wounds closed comparing ORC/collagen dressings and standard dressing use. Each study is

displayed with the standard difference of the means and standard error and 95% confidence interval

FIGURE 4 Forest plot of percent area reduction comparing oxidised regenerated cellulose (ORC)/collagen dressings and standard

dressing use. Each study is displayed with the standard difference of the means and standard error, and 95% confidence interval
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of these dressings. This systematic literature review and
meta-analysis evaluated wound area reduction, percent
area reduction, wound closure rates, and concentrations
of MMP-2, elastase, plasmin, and gelatinase in
ORC/collagen dressings compared with standard dress-
ings in patients with all wound types.

The literature review identified 20 comparative stud-
ies for analysis. The patient populations examined dis-
played patient risk factors for impaired wound healing,
which was representative of the typical patient with
chronic or complex wounds. Additionally, the most com-
monly reported wound types (diabetic foot ulcers and
venous leg ulcers) are among the chronic wounds with

the highest incidence rates globally.31 Thus, our results
favouring ORC/collagen over standard dressings may be
expected in similar, real-world patient populations.

Differences in wound closure rates and wound area
reduction were examined between ORC/collagen and
standard dressings. Individual studies reported signifi-
cantly higher rates of wound closure and percentage of
wound area reduction in wounds receiving ORC/collagen
dressings.16,18,19,23,26,27,29 These results were mirrored in
the meta-analyses providing strong evidence for
ORC/collagen dressing use resulting in improved wound
closure and wound area reduction rates.

The effect of ORC/collagen dressings on wound bed
protease concentrations was inconclusive. While several
studies reported reductions in the concentrations of
MMP-2, plasmin, elastase, and gelatinase in the wounds
receiving ORC/collagen dressings,18,20,22,25,27 concentra-
tion unit and time point differences made it difficult to
accurately assess these outcomes. However, the Kloeters
et al, Smeets et al, and Ulrich et al studies did report sig-
nificantly reduced protease concentrations in wounds
receiving ORC/collagen dressings indicating that these
dressings may alter the wound environment to promote
healing.18,25,27

Eight studies reported on adverse events with the most
commonly reported being pain and infection for both the
ORC/collagen dressing and standard dressing groups. A
small number of patient deaths were reported for both
groups but were deemed unrelated to treatment by study
authors.28 These results indicate that a similar safety profile
exists between ORC/collagen and standard dressings.

Limited reporting prevented assessment of time to
complete healing, days of therapy, number of dressing
applications, and pain. As such, more data are needed to
fully assess the clinical impact of ORC/collagen dressing
use for these outcomes.

4.1 | Limitations

A majority of the available literature for ORC/collagen
dressings are small, non-comparative studies. While larger,

FIGURE 5 Forest plot of area reduction comparing ORC/collagen dressing and standard dressing use. Each study is displayed with the

standard difference of the means and standard error

FIGURE 6 Estimated MMP-2 concentrations by study. MMP-2

concentrations reported as ng/mL (A) and pg/mL/mg (B) are

shown. Oxidised regenerated cellulose (ORC)/collagen group is

represented by black bars and the control group is represented by

white bars. *P-value <0.05
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randomised controlled studies will be needed to fully assess
the potential clinical and health economic benefits of
ORC/collagen dressings, this initial meta-analysis did find

significant effects in favour of ORC/collagen dressing that
should not be dismissed because of the mix of comparative
studies included in the analysis.

FIGURE 7 Estimated elastase concentrations by study. Oxidised regenerated cellulose (ORC)/collagen group is represented by black

bars and the control group is represented by white bars. *P-value <0.05

FIGURE 8 Estimated plasmin concentrations by study. Oxidised regenerated cellulose (ORC)/collagen group is represented by black

bars and the control group is represented by white bars. *P-value <0.05

FIGURE 9 Estimated gelatinase

concentrations by study. Oxidised

regenerated cellulose (ORC)/collagen

group is represented by black bars and

the control group is represented by

white bars. *P-value <0.05
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Twelve studies did not report any patient risk factors
for impaired wound healing. Thus, there is a potential for
differences in patient populations between the included
studies. However, heterogeneity was assessed and found
to be 0%, indicating similar study populations across the
included publications. To minimise any potential popula-
tion heterogeneity, all meta-analyses were performed
using the random effects model.

Differences in data reporting between the studies con-
tributed to inconclusive results for time to complete healing,
days of therapy, number of dressing applications, and
patient reported pain. Additionally, several studies did not
report standard deviations for percentage of area reduction,
rendering the treatment effect of that outcome less precise.

There is always the risk for selection bias when a
meta-analysis is performed. However, the authors
followed a well-defined systematic literature search pro-
tocol to help minimise this potential bias. A funnel plot
of the studies that reported wound closure odds ratios
indicated a minimal risk of publication bias.

5 | CONCLUSIONS

In these meta-analyses, ORC/collagen dressing use
was associated with increased wound closure rates

and wound area reduction. More high evidence level
studies are needed to fully assess the potential clini-
cal and health economics benefits of ORC/collagen
dressings.
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