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Objective: Matrix metalloproteinases (MMPs) substantially 
contribute to the development of chronicity in wounds. Thus, 
MMP‑inhibiting dressings may support healing. A systematic review 
was performed to determine the existing evidence base for the 
treatment of hard‑to‑heal wounds with these dressings.
Methods: A systematic literature search in databases and clinical 
trial registers was conducted to identify randomised controlled trials 
(RCTs) investigating the efficacy of MMP‑inhibiting dressings. 
Studies were analysed regarding their quality and clinical evidence.
Results: Of 721 hits, 16 relevant studies were assessed. There were 
13 studies performed with collagen and three with technology lipido‑
colloid nano oligosaccharide factor (TLC‑NOSF) dressings. 
Indications included diabetic foot ulcers, venous leg ulcers, pressure 
ulcers or wounds of mixed origin. Patient‑relevant endpoints 
comprised wound size reduction, complete wound closure, healing 
time and rate. Considerable differences in the quality and subsequent 

clinical evidence exist between the studies identified. Substantial 
evidence for significant improvement in healing was identified only for 
some dressings. 
Conclusion: Evidence for the superiority of some MMP‑inhibiting 
wound dressings exists regarding wound closure, wound size 
reduction, healing time and healing rate. More research is required to 
substantiate the existing evidence for different types of hard‑to‑heal 
wounds and to generate evidence for some of the different types of 
MMP‑inhibiting wound dressings.
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H
ard-to-heal wounds are often defined as 
wounds with delayed or stagnated healing 
that fail to heal within eight weeks.1 If 
these wounds are not treated appropriately, 
they can last for several months or even 

years and may become severe.2 Frequently occurring 
hard-to-heal wounds, including diabetic foot ulcers 
(DFU), venous leg ulcers (VLU) and pressure ulcers (PU), 
represent a significant burden on economic health and 
social care costs as well as the patient’s quality of life 

clinical evidence ● hard-to-heal wounds ● matrix metalloproteinases (MMPs) ● MMP-inhibiting wound dressings ● wound healing

(QoL).3–5 Therefore, accelerating the healing process is 
of particular importance in order to improve patient 
QoL and to reduce healthcare costs.

The role of matrix metalloproteinases in wound healing
Research, on the course of physiological wound healing 
and those wounds developing chronicity, uncovered 
key roles for matrix metalloproteinases (MMPs) and 
tissue inhibitors of metalloproteinases (TIMPs).2,6–10 
MMPs are a family of more than 20 structurally related 
endopeptidases involved in many physiological 
processes, such as cell signaling, cell migration, 
angiogenesis and the degradation of extracellular 
matrix (ECM) proteins.11 Wound healing mainly 
involves MMP-1, -2, -3, -7, -13 and -26.2,11,12 In 
physiological wound healing they ensure the breakdown 
of damaged tissue at the start of the healing process.12 
However, in the later stages of wound healing, increased 
MMP activity is undesirable since it is thought that 
MMPs inhibit the formation of new tissue. At these 
stages of wound healing, TIMP play an essential role, as 
they downregulate MMP activity.9,10 In hard-to-heal 
wounds, this control appears to be impaired, resulting 
in an imbalance between MMP and TIMP ratio.13 
Consequently, healing is delayed or even stagnated and 
inflammation is prolonged.12,14 Evidence suggests that 
elevated MMP-levels correlate with delayed healing in 
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patients with many different types of hard-to-heal 
wounds including DFU, VLU and PU.15–18

Development of MMP-inhibiting wound dressings
Taking into account the deleterious role of MMPs in 
hard-to-heal wounds, dressings that regulate these 
molecules could support the healing process. Wound 
dressings that are able to reduce MMP activity have 
been developed for the treatment of hard-to-heal 
wounds on the basis of in vitro and animal model 
data.19–23 Oxidised regenerated cellulose (ORC)/collagen 
matrix, which came onto the market at the end of the 
1990s, was the first product of this kind. Collagen has 
protease-inactivating properties, promotes haemostasis 
and reduces inflammatory mediators, leading to 
changes in wound microenvironment.19,24–27 Results of 
clinical trials with patients with a VLU suggest a 
significant decrease in protease-activity in patients 
treated with ORC/collagen compared with patients 
receiving control treatment, however, without  
affecting healing.25,28,29 

In the 2000s, a sucrose octasulfate (technology lipido-
colloid nano oligosaccharide factor; TLC-NOSF), was 

launched onto the market for the treatment of hard-to-
heal wounds. The substance has been shown to inhibit 
excess MMPs and to stabilise growth factors.25,30–32 The 
first clinical trial on this product was published in 2008 
and demonstrated the superiority of TLC-NOSF  
dressings compared with ORC/collagen matrix 
dressings, in terms of VLU relative reduction after a 
12-week treatment period.33 Further supportive studies 
on different wound aetiologies followed.30–32,34,35 Until 
2016, these were the only two dressing types identified 
as MMP-inhibiting,25,36 Since then, further products 
have come onto the market that promise an MMP-
inhibiting effect, for example acetate mesh carriers 
containing potassium chloride, rubidium chloride, 
calcium chloride, zinc chloride, potassium citrate and 
citric acid.37–41 This type of dressing is thought to 
inhibit MMP activity by altering the pH values in 
wounds,37–41 Their beneficial impact on wound healing 
has been reported in patients with hard-to-heal 
wounds.42–44 

There is no precise definition of dressings acting on 
protease activity.45 For example, in the Wound Care 
Handbook 2016 superabsorbent dressings are defined as 

Table 1. Overview of keywords used for literature search

Generic term Synonyms Subtopic MeSH Terms [mh], Substance [nm]

Chronic wounds chronic wound
chronic wounds
chronic AND wound
chronic AND wounds
chronic injury
chronic injuries
chronic AND injury
chronic AND injuries
chronic sores
chronic AND sores

leg AND (ulcer OR ulcers OR ulceration)
varicose AND (ulcer OR ulcers OR 
ulceration)
foot AND (ulcer OR ulcers OR ulceration)
decubitus AND (ulcer OR ulcers OR 
ulceration)
pressure AND (ulcer OR ulcers OR 
ulceration)
skin AND (ulcer OR ulcers OR ulceration)
ulcus cruris
bed sore
bedsore
bed sores
bedsores

wounds and injuries[mh] AND chronic
leg ulcer[mh]
varicose ulcer[mh]
pressure ulcer[mh]
diabetic foot[mh]

MMP‑inhibition matrix metalloproteinase AND 
inhibit*
matrix metalloproteinases AND 
inhibit*
matrix metalloprotease AND inhibit*
matrix metalloproteases AND inhibit*
matrix metallo‑proteinase AND 
inhibit*
matrix AND metalloproteinases AND 
inhibit*
mmp AND inhibit*
mmps AND inhibit*
mmp* AND inhibit*

nano‑oligosaccharide factor
sucrose octasulfate
TLC‑NOSF
polyhydrated ionogen
collagen
(oxidized OR oxidated) AND regenerated 
cellulose
Promogran
DerMax
Tegaderm Matrix
MelMax
Suprasorb

matrix metalloproteinases[mh] AND inhibit*
matrix metalloproteinases[nm] AND inhibit*

Wound dressing bandage
bandages
dressing
dressings

bandages[mh]

Wound healing, 
wound size 
reduction

area reduction
surface reduction
wound healing
wound healing
wound AND reduction

wound closure wound healing[mh]
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protease-modulating, however, the Royal Pharmaceutical 
Society does not categorise them as such.46–48 For the 
purposes of this review, the authors distinguish between 
MMP-inhibiting and MMP-modulating wound dressings 
by defining MMP-inhibiting dressings to be those 
specifically marketed as having protease-altering activity, 
with this as a key feature of the product. In contrast, 
MMP-modulating dressings comprise all dressings altering 
the wound environment and thereby leading to changes 
in the concentrations or actions of proteases and are not 
considered in this review. 

Aim
To date, diverse clinical studies on the use of 
MMP-inhibiting dressings for the treatment of hard-to-
heal wounds of different aetiologies have been 
published.11–14,19 As the current literature is lacking an 
overview of the different applications of these dressings as 
well as of the evidence for their efficacy in wound healing, 
the aim of this literature review is to provide an outline on 
the current state of knowledge in hard-to-heal wound 
treatment with MMP-inhibiting dressings. The question 
of whether MMP-inhibiting wound dressings are beneficial 
compared with other dressings based on current scientific 
evidence is addressed. Finally, recommendations regarding 
the use of MMP-inhibiting wound dressings in hard-to-
heal wound treatment are made. 

Methods
For the selection of relevant data, a search in literature- 
and clinical trial databases was carried out on 
23  July  2019. To ensure the applicability in clinical 
practice, only databases freely available to health 
professionals were used. The search was specifically 
designed to identify publications assessing 
MMP-inhibiting wound dressings compared with any 
other wound dressing in wound healing. The following 
electronic bibliographic databases were screened to 
identify relevant publications: MEDLINE (PubMed) and 
CENTRAL (Cochrane library). In order to identify 
relevant randomised clinical trials (RCTs), the following 
clinical trial registers were searched: ClinicalTrials.gov, 
EU Clinical Trials Register and PharmNet.Bund as well as 
the International Clinical Trial Registry Platform Search 
Portal (ICTRP) of the World Health Organization (WHO). 

Search strategy
The search strategy was initially developed for MEDLINE 
and then adapted to each of the databases. The following 
main keywords were used singularly and in various 
combinations: chronic wounds, MMP-inhibition, 
wound dressing, wound healing and wound size 
reduction. A complete list of all keywords, synonyms 
and MeSH Terms used is provided in Table 1.

Inclusion and exclusion criteria
Inclusion and exclusion criteria for study selection were 
determined by means of the PICOS (population, 
intervention, comparator, outcome, study type) 

scheme. The inclusion criteria were as follows: patients 
≥18 years; patients with exudative hard-to-heal wounds; 
interventions containing MMP-inhibiting wound 
dressings as predefined by the authors of this review; 
any wound dressing as comparator; outcomes including 
wound size reduction or wound healing; RCTs; 
publication period between January 1998 and July 
2019; publication language English, English full text 
available; study status finished with published results.

The exclusion criteria were as follows: patients 
<18  years; patients with tumour induced or fistula 
wounds with deep abscess; interventions other than 
MMP-inhibiting wound dressings; studies without a 
comparator; endpoints other than wound size reduction 
or healing; non-RCTs; publication period before 1998; 
publication languages other than English, no English 
full text available; study status still recruiting or no 
results published.

Data collection and analysis
Title and abstract screening of the studies identified was 
performed independently by two reviewers. In case of 
unambiguous results, full texts of these publications 

Fig 1. Flow chart of study selection process. Literature search (23 July 2019)

Bibliographic databases 
(n=519): 
PubMed n=360
Cochrane Library n=159

Study registers (n=202):
clinicaltrials.gov: n=134
EU Clinical Trials Register 
n=27
PharmNet.Bund n=25
ICTRP (WHO) n=16

Records excluded n=93:
Duplicates n=55

Published before 1998 n=38

Title and abstract screening n=628

Records excluded n=597

Full‑text articles assessed  
for eligibility n=32

Records excluded n=16:
EC1 patients age <18: n=0

EC2 other intervention: n=4

EC3 no comparator: n=0

EC4 other endpoint: n=2

EC5 other study type: n=3

EC6 published before 1998: n=0

EC7 no engl. full text: n=3

EC8 other study status: n=4

Manually 
retrieved 

publications n=1

Studies included n=16

EC—exclusion criteria
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were assessed for eligibility. In general, disagreements 
between the reviewers were solved by discussion. All 
reasons for exclusion were documented.

Studies being reported in multiple publications or 
reviews were included only once. Nevertheless, in order 
to ensure that maximal relevant data were obtained, 
extraction was performed using all publications. A 
handsearch was performed in addition to the systematic 
search in bibliographical and clinical trial databases. 

For methodological appraisal, relevant information 
extracted from the studies was summarised in tabular 
form for subsequent assessment. As recommended by 
the Centre for Reviews and Dissemination,49 a table for 

the quality assessment of studies was included and 
adapted according to Rodgers et al.50 Included studies 
were further assessed in an expert consensus to evaluate 
their quality on the basis of recognised standards.51–53 

Characteristics of high-quality were defined as studies 
with double-blinded design, cohort size >100 patients, 
study duration >8 weeks and the patient-relevant 
endpoint complete healing. Studies including ≥30 
patients, a study duration of ≥8 weeks and reasonable 
publication bias were considered of moderate quality. 
All other studies were assessed as low quality studies. 
Studies were clustered according to their quality and 
are summarised in Table 2.

Table 2. Overview and description of randomised controlled trials (RCTs) included in the review

Quality level/ 
Authors 

Study design/
population/
primary outcome 

Total number 
randomised 
patients/
treatment 
versus 
comparator
n (n/n)

Product Comparator Study location/
study duration

Results Strengths/
limitations

High
Edmonds et al. 
201834

 ■ DFU
 ■ Double blind
 ■ Adults ≥18 years) with non‑infected 
neuro‑ischaemic DFU >1cm², grade IC 
or IIC (University of Texas diabetic 
wound classification) Proportion of 
patients with wound closure at week 20

240 (126/114) Sucrose octasulfate 
(URGOStart Contact, 
Laboratoires Urgo 
Medical, France)

Same dressing without sucrose 
octasulfate (UrgoTul, Laboratoires 
Urgo Medical, Chenôve, France)

France, Germany, Italy, 
Spain, UK
Run‑in: 2 weeks, 
Treatment: 20 weeks

 ■ Wound closure (% of patients): 48 versus 30 (t versus 
c, 95% CI [5; 30]; adjusted OR 2.6, 95% CI, [1.43; 4.73]; 
p=0.002)

 ■ median time to wound closure (days): 120 (t, range 
110–129) versus 180 (c, range 163–198), p=0.029 

 ■ median absolute wound area reduction at week 20 
(cm²): 1.8 (t, interquartile range 0.9–3.8) versus 1.2 (c, 
interquartile range 0.6–2.4), p=0.022

Strengths: 
 ■ Compliant with proposed guidelines for study design and 
reporting

 ■ Computer‑generated randomisation
 ■ Patients comply with daily clinical routine 
 ■ Sensitivity analysis 
 ■ Run‑in‑period to exclude patients with ‘easy‑healing’ wounds 
 ■ Protocol amendment to account for falsely high ABPI values

Moderate
Cullen et al. 201756

 ■ VLU
 ■ Open label, multicenter
 ■ Adults (≥18 years)
 ■ Mean % wound size reduction after 
12 weeks

49 (22/27) Collagen‑ORC‑silver 
and SOC, defined as 
compression and 
AdapticTM (Acelity, 
San Antonio, Texas)

Standard of care US 
12 weeks

 ■ Mean wound size reduction after 12 weeks (%): 
85.6±28.6 versus 72.5±77.8 (t versus c, n.s.) 

 ■ Healing rates (%) after 4 weeks: 23 versus 11 (t versus 
c, n.s.) 

 ■ Healing rates (%) after 12 weeks: 64 versus 59 (t 
versus. c, n.s.)

Strengths: 
 ■ Detailed information on missing data 
 ■ Comparable groups

Limitations: 
 ■ No run‑in‑phase to exclude easy healing wounds
 ■ Small cohort

Moderate
Donaghue et al. 
199857

 ■ DFU
 ■ Open label
 ■ Adults (≥21 years) with DFU ≥1cm2

 ■ Safety and efficacy of collagen‑alginate 
as topic wound dressing

75 (50/25) Collagen‑alginate 
dressing FIBRACOL
(Johnson & Johnson 
Medical, US)

Conventional treatment with 
saline‑moistened gauze

n.a. 
8 weeks

 ■ Mean wound size reduction (%) after eight weeks: 
80.6±6 versus 61.1±26 (t vs. c, n.s.) 

 ■  ≥75% wound size reduction (%): 78 versus 60 (t versus 
c, n.s.) 

 ■ Complete healing (%): 48 versus 36 (t versus c, n.s.) 
 ■ Mean time (weeks) to complete healing: 6.2±0.4 versus 
5.8±0.4 (t versus c, n.s.) 

 ■ Wound size reduction factoring in ulcer duration: in 
favor for collagen (p=0.0049)

Strengths: 
 ■ ITT analyses 
 ■ Detailed information on statistics 
 ■ Standardised dressing changes 

Limitations: 
 ■ Outcomes unclear defined
 ■ Missing data for study location 
 ■ Small cohort

Moderate
Gottrup et al. 201358

 ■ DFU
 ■ Multicentre
 ■ Adults (35‑80 years) with DFU ≥30‘ days 
duration, no local or systemic signs of 
infection, Wagner grade 2‑3

 ■ 50% wound size reduction 
 ■ Healing (100% re‑epithelialisation)

39 (24/15) Collagen‑ORC‑silver 
(Promogran Prisma, 
Systagenix Wound 
Management Limited, 
UK)

 ■ Foam dressing (Biatain, Coloplast, 
Humlebæk, Denmark) for 
moderately exuding wounds 

 ■ Absorbent dressing (Mesorb, 
Mölnlycke Health Care, 
Gothenburg, Sweden) for exuding 
wounds

Denmark 
14 weeks

 ■ 50% wound size reduction after four weeks (%): 79 
versus 43 (t vs. c, p=0.035) 

 ■ Complete healing (%): 52 versus 31 (t versus c, p>0.05)

Strengths: 
 ■ Detailed information on study registration, randomisation 
 ■ Standardised SOC  

Limitations: 
 ■ Age range not consistent with inclusion criteria 
 ■ Small cohort

Moderate 
Kakagia et al. 
200759

 ■ DFU
 ■ Single centre 
 ■ Adults (≥18 years) with diabetic ulcers 
≥2.5cm2 and ≥3 months duration

 ■ Ulcer dimension change within eight 
weeks

51 (17/17/17) Promogran (Collagen‑
ORC, Johnson & 
Johnson)

2 comparators: 
 ■ c1: autologous growth factors 
 ■ c2: Promogran and growth factors

Greece 
Run‑in: ≥4 weeks, 
Treatment: 8 weeks

 ■ Wound length change (%): −18.59±10.36 versus 
−14.29±7.13 versus –33.76±14.74 (t versus c1 versus c2, 
p<0.001 in favour for c2) 

 ■ Wound width change (%): −23.94±10.75 versus −17.41± 
8.04 versus −46.06±13.06 (t versus c1 versus c2, 
p<0.001 in favour for c2) 

 ■ Wound depth change (%): −35.59±10.64 versus 
−34.88±9.85 versus −55.12±10.83 (t versus c1 versus 
c2, p<0.001 in favour for c2) 

 ■ No significant differences in ulcer dimension change 
between t and c1

Strengths: 
 ■ Use of random number generator 
 ■ Run‑in‑phase 
 ■ Use of validated planimetry image tool

Limitations: 
 ■ Small sample size 
 ■ Follow‑up too short for full healing in most ulcers 
 ■ Results not generalisable due to different quality of 
autologous growth factors delivered by gravitational platelet 
separation
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Results
Study selection
Overall, the literature search yielded 721 hits with 
519 publications identified in the bibliographic search 
(MEDLINE: 360 hits; CENTRAL: 159 hits) and further 202 
hits identified by search in study registers (ClinicalTrials.
gov: 134 hits; EU Clinical Trials Register: 27 hits; PharmNet.
Bund: 25 hits; ICTRP: 16 hits). An overview of the literature 
search and selection process is given in Fig 1.

After removal of 55 duplicates and 38 hits published 
before 1998, 628 publications were further assessed. 
Out of the remaining records, 597 hits were excluded 
by title and abstract screening. The resulting 32 

publications were thereafter assessed by full text 
screening, whereby 16 hits were excluded for various 
reasons (Fig 1).

We identified 15 publications in bibliographic 
databases,28,29,33–35,54–63 and one publication was 
identified via handsearch.64 Together, 1355 patients 
were examined in the included studies. In five studies, 
681 patients with DFUs were enrolled.34,57–59,63 In eight 
studies, 551 patients with VLUs,28, 29,33,35,54–56,62 and in 
two studies 113 patients with PUs60,61 were enrolled. In 
one further study 10 patients with hard-to-heal wounds 
of mixed origin were assessed.64 

Due to the heterogeneity of the different studies in 

Table 2. Overview and description of randomised controlled trials (RCTs) included in the review

Quality level/ 
Authors 

Study design/
population/
primary outcome 

Total number 
randomised 
patients/
treatment 
versus 
comparator
n (n/n)

Product Comparator Study location/
study duration

Results Strengths/
limitations

High
Edmonds et al. 
201834

 ■ DFU
 ■ Double blind
 ■ Adults ≥18 years) with non‑infected 
neuro‑ischaemic DFU >1cm², grade IC 
or IIC (University of Texas diabetic 
wound classification) Proportion of 
patients with wound closure at week 20

240 (126/114) Sucrose octasulfate 
(URGOStart Contact, 
Laboratoires Urgo 
Medical, France)

Same dressing without sucrose 
octasulfate (UrgoTul, Laboratoires 
Urgo Medical, Chenôve, France)

France, Germany, Italy, 
Spain, UK
Run‑in: 2 weeks, 
Treatment: 20 weeks

 ■ Wound closure (% of patients): 48 versus 30 (t versus 
c, 95% CI [5; 30]; adjusted OR 2.6, 95% CI, [1.43; 4.73]; 
p=0.002)

 ■ median time to wound closure (days): 120 (t, range 
110–129) versus 180 (c, range 163–198), p=0.029 

 ■ median absolute wound area reduction at week 20 
(cm²): 1.8 (t, interquartile range 0.9–3.8) versus 1.2 (c, 
interquartile range 0.6–2.4), p=0.022

Strengths: 
 ■ Compliant with proposed guidelines for study design and 
reporting

 ■ Computer‑generated randomisation
 ■ Patients comply with daily clinical routine 
 ■ Sensitivity analysis 
 ■ Run‑in‑period to exclude patients with ‘easy‑healing’ wounds 
 ■ Protocol amendment to account for falsely high ABPI values

Moderate
Cullen et al. 201756

 ■ VLU
 ■ Open label, multicenter
 ■ Adults (≥18 years)
 ■ Mean % wound size reduction after 
12 weeks

49 (22/27) Collagen‑ORC‑silver 
and SOC, defined as 
compression and 
AdapticTM (Acelity, 
San Antonio, Texas)

Standard of care US 
12 weeks

 ■ Mean wound size reduction after 12 weeks (%): 
85.6±28.6 versus 72.5±77.8 (t versus c, n.s.) 

 ■ Healing rates (%) after 4 weeks: 23 versus 11 (t versus 
c, n.s.) 

 ■ Healing rates (%) after 12 weeks: 64 versus 59 (t 
versus. c, n.s.)

Strengths: 
 ■ Detailed information on missing data 
 ■ Comparable groups

Limitations: 
 ■ No run‑in‑phase to exclude easy healing wounds
 ■ Small cohort

Moderate
Donaghue et al. 
199857

 ■ DFU
 ■ Open label
 ■ Adults (≥21 years) with DFU ≥1cm2

 ■ Safety and efficacy of collagen‑alginate 
as topic wound dressing

75 (50/25) Collagen‑alginate 
dressing FIBRACOL
(Johnson & Johnson 
Medical, US)

Conventional treatment with 
saline‑moistened gauze

n.a. 
8 weeks

 ■ Mean wound size reduction (%) after eight weeks: 
80.6±6 versus 61.1±26 (t vs. c, n.s.) 

 ■  ≥75% wound size reduction (%): 78 versus 60 (t versus 
c, n.s.) 

 ■ Complete healing (%): 48 versus 36 (t versus c, n.s.) 
 ■ Mean time (weeks) to complete healing: 6.2±0.4 versus 
5.8±0.4 (t versus c, n.s.) 

 ■ Wound size reduction factoring in ulcer duration: in 
favor for collagen (p=0.0049)

Strengths: 
 ■ ITT analyses 
 ■ Detailed information on statistics 
 ■ Standardised dressing changes 

Limitations: 
 ■ Outcomes unclear defined
 ■ Missing data for study location 
 ■ Small cohort

Moderate
Gottrup et al. 201358

 ■ DFU
 ■ Multicentre
 ■ Adults (35‑80 years) with DFU ≥30‘ days 
duration, no local or systemic signs of 
infection, Wagner grade 2‑3

 ■ 50% wound size reduction 
 ■ Healing (100% re‑epithelialisation)

39 (24/15) Collagen‑ORC‑silver 
(Promogran Prisma, 
Systagenix Wound 
Management Limited, 
UK)

 ■ Foam dressing (Biatain, Coloplast, 
Humlebæk, Denmark) for 
moderately exuding wounds 

 ■ Absorbent dressing (Mesorb, 
Mölnlycke Health Care, 
Gothenburg, Sweden) for exuding 
wounds

Denmark 
14 weeks

 ■ 50% wound size reduction after four weeks (%): 79 
versus 43 (t vs. c, p=0.035) 

 ■ Complete healing (%): 52 versus 31 (t versus c, p>0.05)

Strengths: 
 ■ Detailed information on study registration, randomisation 
 ■ Standardised SOC  

Limitations: 
 ■ Age range not consistent with inclusion criteria 
 ■ Small cohort

Moderate 
Kakagia et al. 
200759

 ■ DFU
 ■ Single centre 
 ■ Adults (≥18 years) with diabetic ulcers 
≥2.5cm2 and ≥3 months duration

 ■ Ulcer dimension change within eight 
weeks

51 (17/17/17) Promogran (Collagen‑
ORC, Johnson & 
Johnson)

2 comparators: 
 ■ c1: autologous growth factors 
 ■ c2: Promogran and growth factors

Greece 
Run‑in: ≥4 weeks, 
Treatment: 8 weeks

 ■ Wound length change (%): −18.59±10.36 versus 
−14.29±7.13 versus –33.76±14.74 (t versus c1 versus c2, 
p<0.001 in favour for c2) 

 ■ Wound width change (%): −23.94±10.75 versus −17.41± 
8.04 versus −46.06±13.06 (t versus c1 versus c2, 
p<0.001 in favour for c2) 

 ■ Wound depth change (%): −35.59±10.64 versus 
−34.88±9.85 versus −55.12±10.83 (t versus c1 versus 
c2, p<0.001 in favour for c2) 

 ■ No significant differences in ulcer dimension change 
between t and c1

Strengths: 
 ■ Use of random number generator 
 ■ Run‑in‑phase 
 ■ Use of validated planimetry image tool

Limitations: 
 ■ Small sample size 
 ■ Follow‑up too short for full healing in most ulcers 
 ■ Results not generalisable due to different quality of 
autologous growth factors delivered by gravitational platelet 
separation
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regard to indications and outcomes, a formal 
meta-analysis to evaluate the results of the included 
studies was not performed.

Literature search results
There were two different types of MMP-inhibiting 
dressings used in the identified studies. In 13 studies 
collagen-based dressings were tested either alone 
(n=9),28, 29,54,55,59–63 in combination with silver 
(n=3)56,58,64 or in combination with alginate (n=1).57 

There were three studies performed with TLC-NOSF-
based wound dressings.33–35

The main focus of five studies was the efficacy of MMP-
inhibiting wound dressings in the treatment of 
DFU.34,57-59,63 In the majority (n=4) of these studies, 
collagen dressings were used in the treatment  
group,57–59,63 in one study a TLC-NOSF-based dressing 
was investigated.34 In 8/16 publications, data from 
patients with VLU were presented, mostly after treatment 
with collagen compared with any other dressing 

Table 2. Overview and description of randomised controlled trials (RCTs) included in the review (continued)

Quality level/ 
Authors 

Study design/
population/
primary outcome

Total number 
randomised 
patients/
treatment 
versus 
comparator
n (n/n)

Product Comparator Study location
study duration

Results Strengths
limitations

Moderate 
Meaume et al. 
201235

 ■ VLU
 ■ Double blind, multicentre 
 ■ Adults (≥18 years) with noninfected VLU 
receiving effective compression therapy

 ■ Relative WAR (%)

187 (93/94) Sucrose octasulfate 
(TLC‑NOSF; URGO 
Start, Laboratoires 
Urgo Medical, 
Chenôve, France)

 ■ Same dressing without sucrose 
octasulfate (UrgoTul Absorb, 
Laboratoires Urgo Medical, 
Chenôve, France)

France 
8 weeks

 ■ Median WAR (%): −58.3 versus −31.6 (t versus c, 95% 
CI [–38.3; −15.1]; p=0.002)

Strengths: 
 ■ Double‑blind design 
 ■ Computer‑generated randomisation 
 ■ Product and comparator identical except the addition of 
sucrose octasulfate in product 

Limitations: 
 ■ Treatment duration too short to achieve complete wound 
healing in most patients

Moderate 
Romanelli et al. 
201562

 ■ VLU
 ■ Single centre 
 ■ Adults with hard‑to‑heal VLU
 ■ Granulation tissue formation 
 ■ Ulcer healing

40 (20/20) Collagen membrane 
(ProHeal, MedSkin 
Solutions, Germany), 
non‑adherent interface 
(Adaptic, Systagenix, 
UK), secondary 
dressing (alginate pad, 
Curasorb, Kendal, US)

 ■ Alginate pad (Curasorb, Kendal, 
US)

Italy
Run‑in: 6 weeks, 
treatment: 12 weeks

 ■ Granulation tissue formation increase (%) after 12 
weeks 65 versus 38 (t versus c, p<0.001) 

 ■ Wound area reduction (%): 45 versus 20 (t versus c, 
p<0.001) complete healing (n of patients): 6 versus 5  
(t versus c, n.s.)

Strengths: 
 ■ Run‑in‑phase 
 ■ Exclusion of wounds improving during 6 weeks SOC 
 ■ Standardised wound assessment 

Limitations: 
 ■ No absolute numbers stated  
 ■ Small cohort groups not compared regarding comorbidities

Moderate 
Schmutz et al. 
200833

 ■ VLU
 ■ Open label, two‑armed, multicentre 
 ■ Adults (≥18 years) with VLU 3–24 months 
duration, area 5–25 cm2

 ■ Wound relative reduction (% RR)

117 (57/60) Sucrose octasulfate 
(TLC‑NOSF; 
Laboratoires Urgo 
Medical, Chenôve, 
France)

 ■ Collagen‑ORC (Promogran matrix, 
Johnson & Johnson, Ethicon) France, UK 

12 weeks

 ■ % RR: PP population: 61.1 versus 7.7 (t versus c) with 
mean difference between groups 

 ■ At last evaluation 33.6±15.0 in favour of t (95% CI 
[8.6%]) ITT population: median 54.4 versus 12.9 (t 
versus c, p=0.0286) 

 ■ Wound area absolute reduction (cm2) at last evaluation: 
2.3±10.2 versus 0.2 ±10.4 (t versus c, p=0.01) 

 ■ Healing rate (cm2/day): –0.016±0.285 versus 
0.075±0.475 (t versus c, p=0.029) 

 ■ 40% wound area reduction (% of patients): in 56 versus 
35 patients (t versus c, p=0.022) 

 ■ Median healing time (days): 42 versus 84 (t versus c, 
p=0.06)

Strengths: 
 ■ Good comparability of groups 
 ■ Detailed information on statistical evaluation 
 ■ Power calculation 
 ■ ITT and PP analyses 

Limitation: 
 ■ No detailed information on randomisation and allocation 
process available

Moderate
Veves et al. 200263

 ■ DFU
 ■ Open‑label, multicentre 
 ■ Adults (≥18 years) with ulcer area ≥1cm2

 ■ Complete healing after 12 weeks 
 ■ Mean wound size reduction compared 
to baseline after 12 weeks 

 ■ Mean time to complete healing

276 (138/138) Promogran (Johnson & 
Johnson Wound 
Management, US)

 ■ Moistened gauze plus secondary 
dressing

US 
12 weeks

 ■ Complete healing after 12 weeks (%): 37 versus 28.3 (t 
versus c, n.s.) subgroup wounds <6 months duration: 
45.3 versus 32.6 (t versus c, p=0.056) subgroup 
wounds 

 ■ 6 months duration: 18.6 versus 20.4 (t versus c, n.s.) 
 ■ Mean wound size reduction compared to baseline after 
12 weeks (%): 64.5 versus 63.8 (t versus c, n.s.)  

 ■ Mean time to complete healing (weeks): 7.0±0.4 versus 
5.8±0.4  

 ■ Subgroup wounds <6 months duration: 6.9±0.4

Strengths:  
 ■ Study design reflects present clinical practice 
 ■ Stratification on basis of wound size 
 ■ Large sample size 

Limitation: 
 ■ Allocation concealment unclear 
 ■ Missing data on randomisation and blinding 
 ■ No standardised offloading

Moderate 
Vin et al. 200229

 ■ DFU
 ■ Open label, two‑armed, parallel group 
design, multicentre

 ■ Adults (≥18 years) with stagnating VLU
 ■ Proportion of completely healed wounds 
 ■ % wound size reduction from baseline

73 (37/36) Promogran plus 
non‑adherent dressing 
(Adaptic, Systagenix, 
UK), secondary gauze 
dressing

 ■ Promogran plus non‑adherent 
dressing (Adaptic, Systagenix, 
UK), secondary gauze dressing

France 
12 weeks

 ■ Complete healing (% of patients): 41 versus 31 (t versus 
c, p=0.373) 

 ■ Median wound area reduction from baseline (%): 82.4 
versus 44.6 (t versus c, p<0.001)

Strength: 
 ■ ITT analysis 
 ■ Detailed information on dropouts 

Limitations: 
 ■ Switch to another dressing allowed 
 ■ High number of patients lost to follow‑up
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(n=6) , 28 ,29 ,54–56 ,62 a  TLC-NOSF-based  
dressing was used in two studies.33,35 The effect of 
collagen-based wound dressings on PUs was discussed in 
two of the included studies.60,61 Additionally, one 
collagen-study was conducted with patients of different 
wound entities.64

The patients-relevant outcome wound size reduction 
was analysed in 14 studies.29,33–35,54–60,62–64 
Furthermore, seven studies presented results on the 
number of patients with completely healed 

wounds.29,34,57,58,61–63 Time to complete healing was 
investigated in four studies.34,57,61,63 In general, healing 
times ranged from 14–129 days in the MMP-inhibitor 
groups and from 14–198 days in the comparator 
groups.34,57,61,63 There were three studies that analysed 
healing rates.28,33,56

Within the performed literature research only one 
study34 was identified as meeting the recognised 
standards of studies as defined in different 
recommendations and guidelines,51–53,65,66 while nine 

Table 2. Overview and description of randomised controlled trials (RCTs) included in the review (continued)

Quality level/ 
Authors 

Study design/
population/
primary outcome

Total number 
randomised 
patients/
treatment 
versus 
comparator
n (n/n)

Product Comparator Study location
study duration

Results Strengths
limitations

Moderate 
Meaume et al. 
201235

 ■ VLU
 ■ Double blind, multicentre 
 ■ Adults (≥18 years) with noninfected VLU 
receiving effective compression therapy

 ■ Relative WAR (%)

187 (93/94) Sucrose octasulfate 
(TLC‑NOSF; URGO 
Start, Laboratoires 
Urgo Medical, 
Chenôve, France)

 ■ Same dressing without sucrose 
octasulfate (UrgoTul Absorb, 
Laboratoires Urgo Medical, 
Chenôve, France)

France 
8 weeks

 ■ Median WAR (%): −58.3 versus −31.6 (t versus c, 95% 
CI [–38.3; −15.1]; p=0.002)

Strengths: 
 ■ Double‑blind design 
 ■ Computer‑generated randomisation 
 ■ Product and comparator identical except the addition of 
sucrose octasulfate in product 

Limitations: 
 ■ Treatment duration too short to achieve complete wound 
healing in most patients

Moderate 
Romanelli et al. 
201562

 ■ VLU
 ■ Single centre 
 ■ Adults with hard‑to‑heal VLU
 ■ Granulation tissue formation 
 ■ Ulcer healing

40 (20/20) Collagen membrane 
(ProHeal, MedSkin 
Solutions, Germany), 
non‑adherent interface 
(Adaptic, Systagenix, 
UK), secondary 
dressing (alginate pad, 
Curasorb, Kendal, US)

 ■ Alginate pad (Curasorb, Kendal, 
US)

Italy
Run‑in: 6 weeks, 
treatment: 12 weeks

 ■ Granulation tissue formation increase (%) after 12 
weeks 65 versus 38 (t versus c, p<0.001) 

 ■ Wound area reduction (%): 45 versus 20 (t versus c, 
p<0.001) complete healing (n of patients): 6 versus 5  
(t versus c, n.s.)

Strengths: 
 ■ Run‑in‑phase 
 ■ Exclusion of wounds improving during 6 weeks SOC 
 ■ Standardised wound assessment 

Limitations: 
 ■ No absolute numbers stated  
 ■ Small cohort groups not compared regarding comorbidities

Moderate 
Schmutz et al. 
200833

 ■ VLU
 ■ Open label, two‑armed, multicentre 
 ■ Adults (≥18 years) with VLU 3–24 months 
duration, area 5–25 cm2

 ■ Wound relative reduction (% RR)

117 (57/60) Sucrose octasulfate 
(TLC‑NOSF; 
Laboratoires Urgo 
Medical, Chenôve, 
France)

 ■ Collagen‑ORC (Promogran matrix, 
Johnson & Johnson, Ethicon) France, UK 

12 weeks

 ■ % RR: PP population: 61.1 versus 7.7 (t versus c) with 
mean difference between groups 

 ■ At last evaluation 33.6±15.0 in favour of t (95% CI 
[8.6%]) ITT population: median 54.4 versus 12.9 (t 
versus c, p=0.0286) 

 ■ Wound area absolute reduction (cm2) at last evaluation: 
2.3±10.2 versus 0.2 ±10.4 (t versus c, p=0.01) 

 ■ Healing rate (cm2/day): –0.016±0.285 versus 
0.075±0.475 (t versus c, p=0.029) 

 ■ 40% wound area reduction (% of patients): in 56 versus 
35 patients (t versus c, p=0.022) 

 ■ Median healing time (days): 42 versus 84 (t versus c, 
p=0.06)

Strengths: 
 ■ Good comparability of groups 
 ■ Detailed information on statistical evaluation 
 ■ Power calculation 
 ■ ITT and PP analyses 

Limitation: 
 ■ No detailed information on randomisation and allocation 
process available

Moderate
Veves et al. 200263

 ■ DFU
 ■ Open‑label, multicentre 
 ■ Adults (≥18 years) with ulcer area ≥1cm2

 ■ Complete healing after 12 weeks 
 ■ Mean wound size reduction compared 
to baseline after 12 weeks 

 ■ Mean time to complete healing

276 (138/138) Promogran (Johnson & 
Johnson Wound 
Management, US)

 ■ Moistened gauze plus secondary 
dressing

US 
12 weeks

 ■ Complete healing after 12 weeks (%): 37 versus 28.3 (t 
versus c, n.s.) subgroup wounds <6 months duration: 
45.3 versus 32.6 (t versus c, p=0.056) subgroup 
wounds 

 ■ 6 months duration: 18.6 versus 20.4 (t versus c, n.s.) 
 ■ Mean wound size reduction compared to baseline after 
12 weeks (%): 64.5 versus 63.8 (t versus c, n.s.)  

 ■ Mean time to complete healing (weeks): 7.0±0.4 versus 
5.8±0.4  

 ■ Subgroup wounds <6 months duration: 6.9±0.4

Strengths:  
 ■ Study design reflects present clinical practice 
 ■ Stratification on basis of wound size 
 ■ Large sample size 

Limitation: 
 ■ Allocation concealment unclear 
 ■ Missing data on randomisation and blinding 
 ■ No standardised offloading

Moderate 
Vin et al. 200229

 ■ DFU
 ■ Open label, two‑armed, parallel group 
design, multicentre

 ■ Adults (≥18 years) with stagnating VLU
 ■ Proportion of completely healed wounds 
 ■ % wound size reduction from baseline

73 (37/36) Promogran plus 
non‑adherent dressing 
(Adaptic, Systagenix, 
UK), secondary gauze 
dressing

 ■ Promogran plus non‑adherent 
dressing (Adaptic, Systagenix, 
UK), secondary gauze dressing

France 
12 weeks

 ■ Complete healing (% of patients): 41 versus 31 (t versus 
c, p=0.373) 

 ■ Median wound area reduction from baseline (%): 82.4 
versus 44.6 (t versus c, p<0.001)

Strength: 
 ■ ITT analysis 
 ■ Detailed information on dropouts 

Limitations: 
 ■ Switch to another dressing allowed 
 ■ High number of patients lost to follow‑up
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studies of moderate quality met the generally accepted 
criteria in most respects.29,33,35,56–59,62,63

Furthermore, six studies with major drawbacks 
regarding methodology and reporting of RCTs were 
classified as low quality.28,54,55,60,61,64 

In general, all studies were industry sponsored, so 
that commercial interests cannot be excluded. A 
summary of the included publications in the order of 
their assessed rating is given in Table 2.

High-quality RCTs
The double-blinded RCT conducted on neuro-ischaemic 
DFUs was reported by Edmonds et al.34 In this 

multicentre, double-blinded study with 240 patients, 
the analysis of the proportion of patients with wound 
closure after 20 weeks of TLC-NOSF treatment revealed 
a statistically significant difference in favour of the TLC-
NOSF dressing compared with the same dressing without 
the MMP-inhibiting component TLC-NOSF (48% versus 
30%; p=0.002). Furthermore, Kaplan-Meier-estimated 
time to wound closure was shorter with 120 (range: 
110–129) days versus 180 (range: 163–198) days in the 
TLC-NOSF group (p=0.029). Selection or performance 
bias can be excluded due to the effective concealment 
and blinding by using dressings identical in appearance. 
Results of this well-conducted, large, long-term study 

Table 2. Overview and description of randomised controlled trials (RCTs) included in the review (continued)

Quality level 
Authors 

Study design/
population/
primary outcome 

Total number 
randomised 
patients,
treatment 
versus 
comparator
N (n /n)

Product Comparator Study location
study duration

Results Strengths
limitations

Low 
Bertone et al. 
200955

 ■ VLU
 ■ Single centre 
 ■ Adults with hard‑to‑heal VLU of 6 weeks 
duration

 ■ N.a.

46 (n.a./n.a.) Heterologous collagen 
(Condress, Abiogen 
Pharma, Italy) and 
compression

 ■ SOC with interface inert dressing 
and compression

Italy 
Run‑in: 3 weeks
Treatment: 4 weeks

 ■ Median increase of wound bed granulation after  
4 weeks (%): 65 versus 7 (t versus c, p<0.001) 

 ■ Median reduction of relative ulcer area after 4 weeks 
(%): 50 versus 32 (t versus c, p<0.05)

Strengths:  
 ■ Run‑in‑phase 
 ■ Exclusion of patients with wound size reduction >50%

Limitations: 
 ■ Alternate allocation by investigator 
 ■ Missing data on baseline characteristics and group sizes 
 ■ Unclear endpoints 
 ■ Small cohort 
 ■ Short treatment period

Low 
Kloeters et al. 
201660

 ■ PU
 ■ Pilot study 
 ■ adults (≥18 years) with pressure ulcers 
 ■ 1cm2 and 6 to <12 weeks duration
 ■ Elastase and plasmin activity in wound 
fluids 

 ■ Healing rates

33 (23/10) Collagen‑ORC matrix 
and absorbing 
hydropolymer dressing 
(Tielle, Systagenix, UK)

 ■ Absorbing hydropolymer dressing 
(Tielle, Systagenix, UK)

N.a.
12 weeks

 ■ Wound area reduction after 12 weeks (%): 65±13 
versus 41±11 (t versus c, p<0.05)

Limitations: 
 ■ No detailed information on study location, blinding and 
randomisation available

Low 
Manizate et al. 
201264

 ■ Leg ulcers of mixed origin
 ■ Patients used as their own control 
(2 wounds of each patient) 

 ■ Adults (≥18 y) with bilateral venous 
stasis or DFU

 ■ Wound size reduction

10 (10/10) Sodium CMC, 1.2% 
ionic silver

 ■ Bovine native collagen (BDC)/ionic 
silver dressing

US 
8 weeks

 ■ Wound size reduction (cm2/week): 0.79±0.735 versus 
1.38±1.44 (t versus c, n.s.)

Strengths:  
 ■ Good comparability 

Limitations: 
 ■ Small cohort 
 ■ Wounds of different origin

Low 
Nisi et al. 200561

 ■ PU
 ■ Single centre 
 ■ Adults (≥18 years) with pressure ulcers
 ■ Frequency of complete healing
 ■ Mean healing time

80 (40/40) Protease‑modulating 
matrix (Promogran, 
Johnson & Johnson, 
Ethicon) covered with 
hydropolymer

 ■ Viscose rayon gauze soaked in 
white vaseline covered with 
hydropolymer

Italy 
Treatment: 18 months 
Follow‑up: 6 months

 ■ Complete healing (% of patients): 90 versus 70 (t 
versus c, p=0.59) 

 ■ Mean healing time (weeks): range 2‑6 versus 2‑8 (t 
versus c)

Strengths: 
 ■ Long follow‑up period

Limitations: 
 ■ No information on randomization, outcomes, baseline 
characteristics, statistics 

 ■ Small cohort

Low 
Smeets et al. 
200828

 ■ VLU
 ■ Single centre 
 ■ Adults (≥18 years) with VLU
 ■ MMP‑2 concentration change during 
treatment 

 ■ Gelatinase, elastase and plasmin 
activities in wound fluid during treatment 

 ■ Healing rates

27 (17/10) Collagen‑ORC matrix, 
hydrocolloid secondary 
dressing

 ■ Hydrocolloid dressing N.a. 
12 weeks

 ■ MMP‑2 concentration change during treatment: n.s. 
 ■ Healing rates during 12 weeks treatment: n.s.

Limitations: 
 ■ No information on blinding, randomization, allocation 
available

 ■ No information on baseline characteristics available 
 ■ No information on study location available 
 ■ Small cohort

ABPI—ankle brachial pressure index; c—comparator; CI—confidence interval; CMC—carboxymethylcellulose; DFU—diabetic foot ulcer; ITT—intention to treat; n—number; n.a.—not applicable; n.s.—not significant; OR—odds ratio; ORC—oxidised regenerated cellulose; PP—per protocol; PU—pressure ulcers; SOC—standard of care; t—
treatment; TLC‑NOSF—technology lipido‑colloid nano oligosaccharide factor; VLU—venous leg ulcers; WAR—wound area reduction  

Downloaded from magonlinelibrary.com by 054.068.131.140 on February 16, 2020.



education

111J O U R N A L  O F  W O U N D  C A R E  V O L  2 9 ,  N O  2 ,  F E B R U A RY  2 0 2 0

©
 2

02
0 

M
A

 H
ea

lth
ca

re
 lt

d

support the use of TLC-NOSF dressing as a local 
treatment for neuro-ischaemic DFU.

Moderate-quality RCTs
The studies (n=9) listed alphabetically have in common a 
study duration of at least eight weeks and a cohort size of 
at least 30 patients. However, there are large qualitative 
differences so, all studies must be considered independently 
in order to evaluate the significance of the results. 

Cullen et al. reported a study with 49 patients.56 
Treatment was performed with a combined collagen-
silver dressing compared with standard of care (SOC). 
The primary outcome of this multicentre, open-label 

RCT was mean percentage wound size reduction of the 
treated VLU after 12 weeks of treatment. Additionally, 
healing rates after four and 12 weeks were investigated. 
Results show a trend towards an increased healing rate 
and shorter healing time in wounds treated with collagen-
silver. Although the study’s sample size resulted in an 
adequately powered study, data were not statistically  
significant. This might be due to the fact that no run-in-
phase was performed to exclude easy healing wounds. 

In an RCT with 75 patients with diabtes, randomised 
in a ratio 1:2, published by Donaghue et al., the efficacy 
of a collagen-alginate dressing was compared with 
conventional treatment with saline-moistened gauze.57 

Table 2. Overview and description of randomised controlled trials (RCTs) included in the review (continued)

Quality level 
Authors 

Study design/
population/
primary outcome 

Total number 
randomised 
patients,
treatment 
versus 
comparator
N (n /n)

Product Comparator Study location
study duration

Results Strengths
limitations

Low 
Bertone et al. 
200955

 ■ VLU
 ■ Single centre 
 ■ Adults with hard‑to‑heal VLU of 6 weeks 
duration

 ■ N.a.

46 (n.a./n.a.) Heterologous collagen 
(Condress, Abiogen 
Pharma, Italy) and 
compression

 ■ SOC with interface inert dressing 
and compression

Italy 
Run‑in: 3 weeks
Treatment: 4 weeks

 ■ Median increase of wound bed granulation after  
4 weeks (%): 65 versus 7 (t versus c, p<0.001) 

 ■ Median reduction of relative ulcer area after 4 weeks 
(%): 50 versus 32 (t versus c, p<0.05)

Strengths:  
 ■ Run‑in‑phase 
 ■ Exclusion of patients with wound size reduction >50%

Limitations: 
 ■ Alternate allocation by investigator 
 ■ Missing data on baseline characteristics and group sizes 
 ■ Unclear endpoints 
 ■ Small cohort 
 ■ Short treatment period

Low 
Kloeters et al. 
201660

 ■ PU
 ■ Pilot study 
 ■ adults (≥18 years) with pressure ulcers 
 ■ 1cm2 and 6 to <12 weeks duration
 ■ Elastase and plasmin activity in wound 
fluids 

 ■ Healing rates

33 (23/10) Collagen‑ORC matrix 
and absorbing 
hydropolymer dressing 
(Tielle, Systagenix, UK)

 ■ Absorbing hydropolymer dressing 
(Tielle, Systagenix, UK)

N.a.
12 weeks

 ■ Wound area reduction after 12 weeks (%): 65±13 
versus 41±11 (t versus c, p<0.05)

Limitations: 
 ■ No detailed information on study location, blinding and 
randomisation available

Low 
Manizate et al. 
201264

 ■ Leg ulcers of mixed origin
 ■ Patients used as their own control 
(2 wounds of each patient) 

 ■ Adults (≥18 y) with bilateral venous 
stasis or DFU

 ■ Wound size reduction

10 (10/10) Sodium CMC, 1.2% 
ionic silver

 ■ Bovine native collagen (BDC)/ionic 
silver dressing

US 
8 weeks

 ■ Wound size reduction (cm2/week): 0.79±0.735 versus 
1.38±1.44 (t versus c, n.s.)

Strengths:  
 ■ Good comparability 

Limitations: 
 ■ Small cohort 
 ■ Wounds of different origin

Low 
Nisi et al. 200561

 ■ PU
 ■ Single centre 
 ■ Adults (≥18 years) with pressure ulcers
 ■ Frequency of complete healing
 ■ Mean healing time

80 (40/40) Protease‑modulating 
matrix (Promogran, 
Johnson & Johnson, 
Ethicon) covered with 
hydropolymer

 ■ Viscose rayon gauze soaked in 
white vaseline covered with 
hydropolymer

Italy 
Treatment: 18 months 
Follow‑up: 6 months

 ■ Complete healing (% of patients): 90 versus 70 (t 
versus c, p=0.59) 

 ■ Mean healing time (weeks): range 2‑6 versus 2‑8 (t 
versus c)

Strengths: 
 ■ Long follow‑up period

Limitations: 
 ■ No information on randomization, outcomes, baseline 
characteristics, statistics 

 ■ Small cohort

Low 
Smeets et al. 
200828

 ■ VLU
 ■ Single centre 
 ■ Adults (≥18 years) with VLU
 ■ MMP‑2 concentration change during 
treatment 

 ■ Gelatinase, elastase and plasmin 
activities in wound fluid during treatment 

 ■ Healing rates

27 (17/10) Collagen‑ORC matrix, 
hydrocolloid secondary 
dressing

 ■ Hydrocolloid dressing N.a. 
12 weeks

 ■ MMP‑2 concentration change during treatment: n.s. 
 ■ Healing rates during 12 weeks treatment: n.s.

Limitations: 
 ■ No information on blinding, randomization, allocation 
available

 ■ No information on baseline characteristics available 
 ■ No information on study location available 
 ■ Small cohort

ABPI—ankle brachial pressure index; c—comparator; CI—confidence interval; CMC—carboxymethylcellulose; DFU—diabetic foot ulcer; ITT—intention to treat; n—number; n.a.—not applicable; n.s.—not significant; OR—odds ratio; ORC—oxidised regenerated cellulose; PP—per protocol; PU—pressure ulcers; SOC—standard of care; t—
treatment; TLC‑NOSF—technology lipido‑colloid nano oligosaccharide factor; VLU—venous leg ulcers; WAR—wound area reduction  
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Differences in mean percenteage wound size reduction 
after eight weeks of treatment, complete healing rate as 
well as mean time to complete healing were not 
statistically significant between the groups. Study 
duration was probably too short to detect complete 
wound healing. Furthermore, treatment and control 
groups differed substantially in group size (50 versus 25 
patients in the treatment and control group, respectively). 

In the double-blinded RCT published by Gottrup et 
al., a cohort of 39 patients with Wagner grade 2–3 DFUs 
were treated either with a collagen-silver dressing plus 
SOC or SOC alone and followed for 14 weeks.58 In 79% 
versus 43% of patients, 50% wound closure was 
observed by week four (p=0.035). More patients in the 
collagen-group compared with the control-group 
achieved complete healing, these results were 
statistically not significant (52 versus 31%; p>0.05). The 
study complies well with recognised standards of RCT 
reporting in terms of randomisation performance, 
blinding and the different aspects of wound care. 
However, the sample size is small and not based on an 
appropriate calculation of sample size and information 
on important baseline characteristics of study patients, 
such as diabetes type, are missing and impede the 
interpretation of the presented data. 

Kakagia et al. reported a study designed to compare 
ORC/collagen dressing either versus autologous growth 
factors or in comparison with a combination of both 
treatments.59 After a run-in-phase of four weeks,51 
patients with a DFU were randomly assigned in a ratio 
1:1:1 to the treatment arms. DFU dimension changes 
were measured after eight weeks. The results for change 
in wound length, width and depth were statistically 
significant in favour of ORC/collagen plus growth 
factors (p<0.001 for all dimensions) as compared with 
autologous growth factors or ORC/collagen alone, as 
revealed by post-hoc analysis. However, study duration 
was too short to reach complete healing in most DFUs. 
Additionally, due to the varying quality of autologous 
growth factors delivered by gravitational platelet 
separation as well as the small cohort size (n=17 per 
group) and the lack of information concerning the 
baseline characteristics of the study population, the 
evidence of these results is in doubt. 

A study with a TLC-NOSF dressing was performed by 
Meaume et al.35 In this multicentre, double-blinded RCT 
comprising 187 patients with a VLU of 6–36 months’ 
duration. Median wound area reduction (WAR) after eight 
weeks was reported for wounds treated with compression 
therapy and either a TLC-NOSF dressing or the same 
dressing without this component. Due to this study 
design, blinding bias could be excluded. Results revealed 
an advantage for the TLC-NOSF dressing compared with 
the dressing without TLC-NOSF (median WAR 58.3 versus 
31.6%; p=0.002). The study was well conducted in 
relation to randomisation performance, blinding and the 
different aspects of wound care. Due to the relatively 
short study duration it remains uncertain how many 
patients may have reached complete wound healing. 

In the RCT published by Romanelli et al., 40 patients 
with hard-to-heal VLUs were investigated.62 Following a 
six-week run-in-phase, patients were randomised to 
receive either a collagen dressing or an alginate pad. After 
12 weeks’ treatment, wound size reduction and complete 
healing frequency were analysed. As a result, wound size 
reduction was greater using collagen compared with an 
alginate pad in 45% versus 20% (p<0.001) of cases. 
However, data for complete healing were comparable in 
both groups. Again, this study was conducted with a 
relatively small number of patients. Additionally, 
patients’ baseline characteristics and blinding strategies 
were not sufficiently well described and patient groups 
were not compared regarding existing comorbidities.

The open-label study described by Schmutz et al. is the 
only one so far comparing two MMP-inhibiting wound 
dressings.33 During a 12-week treatment, percentage 
wound relative reduction (%RR), wound absolute 
reduction (AR) and healing rate in 57 patients under 
TLC-NOSF and 60 patients under collagen treatment 
was measured. The superiority of the TLC-NOSF dressing 
could be demonstrated (median %RR 54.5 versus 12.9%; 
p=0.0286: AR 2.3±10.2 versus 0.2±10.4cm2; p=0.01: 
healing rate −0.016±0.285 versus 0.075±0.475cm2/day; 
p=0.029). Additionally, 40% wound size reduction 
occurred in 56% versus 35% (p=0.022) of patients and 
was also clearly beneficial when wounds were treated 
with the TLC-NOSF-containing wound dressing 
compared with the collagen dressing. The study was 
performed according to recognised standards and it has 
to be noted that statistically significant results were 
obtained although recruitment was not completed. 
However, despite a blinded evaluation of wound area 
reduction, bias, due to the open-labelled study design, 
cannot be completely excluded.

The large, open-label multicentre study presented by 
Veves et al. with 276 enrolled patients revealed no 
statistically significant benefit of the collagen-based 
dressing as compared with standard treatment (saline-
moistened gauze) in terms of complete healing after 
12 weeks of treatment (treatment group 37.0% versus 
control group 28.3%) in patients presenting with a 
DFU.63 Patients were further screened for the mean 
percentage wound size reduction as well as the mean 
healing time. In both groups of equally distributed 
patients, no statistically significant differences were 
detected between treatment and control groups. Results 
indicate that the collagen dressing used was comparable 
with saline-moistened gauze in terms of wound healing 
promotion in patients with DFUs receiving offloading. 
However, these results rest upon the data of less than 
75% of the recruited participants. Furthermore, due to 
the lack of information on allocation concealment and 
randomisation, selection bias cannot be ruled out.

In the study reported by Vin et al., the objective was to 
evaluate the healing rates in VLU patients treated with a 
collagen-based dressing compared with a standard 
non-adherent dressing.29 In this prospective, open-label 
study 37 patients with collagen treatment as well as 
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36 patients allocated to the control group were examined 
in terms of completely healed wounds and median 
percentage wound size reduction from baseline. While 
the number of completely healed wounds did not 
statistically significantly differ between groups, the 
median percentage wound size reduction from baseline 
was beneficial under collagen treatment (82.4 versus 
44.6% in collagen versus control group, p<0.001). 
However, the investigated cohort was relatively small 
and a high number of patients was lost to follow-up. 
Furthermore, a high rate of treatment switches was 
recorded in the study. 

Low-quality RCTs
Of the studies included in this review, six were 
characterised by very small cohorts, short study 
durations and/or a lack of essential information, such 
as characteristics of the study population and the 
investigated wounds, allocation concealment, endpoint 
definition and outcome assessment.28,54,55,60,61,64

Andriessen et al. investigated healing improvement 
in non-healing VLUs after treatment with either 
collagen, foam or paraffin gauze (n=4 per group).54 The 
single-blinded pilot RCT was designed with a four-week 
run-in-phase followed by four weeks of treatment after 
a computer-generated allocation of patients. As a result, 
mean wound size reduction was improved in favour of 
the collagen dressing (31.8 versus 26 versus 17.2%), but 
results were statistically not significant. It has to be 
noted that data of studies with a very small sample size 
are not conclusive and generalisable.

In the RCT published by Bertone et al. comprising 
46 patients, a median reduction of relative VLU size was 
reported to be statistically significant in favour of 
treatment with heterologous collagen compared with 
SOC (50 versus 32%; p<0.05) after four weeks.55 However, 
the results of this study are in doubt, as the investigated 
cohort is relatively small with no information on group 
sizes and baseline characteristics, undefined endpoints 
as well as an extremely short treatment period. 

Kloeters et al. studied 33 patients with PUs of 6–12 
months’ duration.60 There were 23 patients randomly 
assigned to the treatment group with a collagen-based 
dressing, 10 patients were assigned to the control group 
receiving an absorbing hydropolymer dressing. Healing 
rates were measured after 12 weeks. With 65±13% versus 
41±11%, healing rates were statistically significantly 
greater in wounds treated with collagen as compared 
with the control (p<0.05). However, the results of this 
pilot study is based on a small dataset with unequally 
distributed patient numbers (n=23 in treatment group 
versus n=10 in control group). Furthermore, information 
on allocation, randomisation and blinding are missing. 

The use of a carboxymethyl cellulose (CMC)-silver 
dressing compared with a collagen-silver dressing was 
demonstrated by Manizate et al. in a small, open-label 
RCT. 64 There were 10 patients with bilateral venous 
stasis or DFUs who were enrolled and served as their 
own control. In this study, one wound per patient was 

treated with CMC-silver dressing, the second wound 
was treated with collagen-silver dressing. After eight 
weeks of treatment, wound size reduction was 
investigated, but revealed only minor differences 
between groups. Given the small number of investigated 
wounds (n=10 per group) the data are not conclusive or 
generalisable. Furthermore, investigated wounds were 
of different origin, further impairing the generalisability. 

In the open-label study published by Nisi et al., 
patients with a PU were enrolled and randomly assigned 
in a ratio 1:1.61 When comparing wounds treated with 
a collagen-based treatment versus wounds with viscose 
rayon gauze soaked with white vaseline in terms of 
complete healing frequency and mean healing time, no 
statistically significant differences were reported (90% 
versus 70%; p=0.59: 2–6 weeks versus 2–8 weeks, 
respectively). Due to missing data concerning patients’ 
baseline characteristics, interventions and concomitant 
aspects of wound care, randomisation, statistics, and 
missing definitions on outcomes, the data of this study 
are not conclusive. 

In an RCT described by Smeets et al., patients with 
VLUs were treated with a collagen-based dressing (n=17) 
and compared with wounds covered with a hydrocolloid 
dressing (n=10).28 Healing during the 12-week treatment 
was detected and healing rates calculated. However, 
differences between study groups were statistically not 
significant. Due to the very small sample size, missing 
information on allocation, randomisation, blinding, 
and baseline characteristics, the results of this study 
cannot be interpreted. 

Discussion
The treatment of patients presenting with hard-to-heal 
wounds requires precise diagnosis of the underlying 
cause and selection of suitable therapy regimes, based on 
high-quality research with reliable evidence. In this 
respect, RCTs are currently considered as the gold 
standard for investigating the effects of interventions. 
This also applies to the difficult field of hard-to-heal 
wounds, where there is a high burden on patients and, 
from a medical and economic perspective, on health 
authorities and payers. On the basis of pre-existing 
RCTs, this review examines the evidence base for MMP-
inhibiting wound dressings that have been increasingly 
introduced to the market. Although guidance with 
regard to design and conduct of clinical trials as well as 
the reporting of data exists,51–53,65 not all RCTs performed 
on MMP-inhibiting wound dressings are usable to derive 
conclusions appropriate for clinical practice. Studies 
differ in their quality and consequently in their strength 
of evidence based on their results. Furthermore, the 
reporting of studies is often inadequate, which 
complicates the assessment of study quality. 

Evidence for the use of  
TLC-NOSF-based wound dressings
Results for dressings containing TLC-NOSF derived 
from three RCTs with high and moderate quality.33–35 
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Notably, the two double-blinded studies of Edmonds et 
al. and Meaume et al. set a high standard for the 
investigation of wound healing by using the same 
wound dressing with and without TLC-NOSF in 
identical packaging, thereby reducing bias.34,35 

Additionally, the patient groups were distinctly defined 
in these studies and the good as well as extensive study 
design made it possible to collect a great deal of data, 
which was published in other publications including 
cost-benefit and quality of life assessments.67–69

Results of the RCTs of Edmonds et al. and Meaume et 
al. are supported by a pooled analysis of non-
comparative data from eight observational studies on 
the healing rates of hard-to-heal wounds in more than 
10,000 patients with leg ulcers, DFUs and PUs.70 NICE 
guidance also confirms the high level of evidence for 
beneficial effect of TLC-NOSF on wound healing in all 
types of DFUs and VLUs, and recommends this type of 
dressing as a treatment option for these diseases.71 The 
current guidelines on the prevention and management 
of diabetic foot diseases of the International Working 
Group on the Diabetic Foot (IWGDF) recommends the 
use of TLC-NOSF-impregnated dressings in non-infected 
neuro-ischaemic ulcers without severe ischaemia 
among other treatments.72 Furthermore, experts 
recommend, in a best practice recommendation for the 
implementation of a DFU treatment pathway in the UK, 
adding evidence-based local wound care to the standard 
of care in DFU treatment.73 The relevance of using TLC-
NOSF dressings in the treatment of VLUs has also been 
recognised in other publications.25,36 

In the TLC-NOSF study of Schmutz et al., the superiority 
of this dressing against another MMP-inhibiting dressing 
was demonstrated. This indicates that differences in the 
efficacy on wound healing do not only exist between 
MMP-inhibiting dressings and other dressing types but 
also between different types of MMP-inhibiting dressings. 
However, this open-label study on patients with VLUs is 
the only study to date investigating the differences 
regarding the efficacy of hard-to-heal wound healing 
between TLC-NOSF and a collagen-based dressing. More 
studies on other indications would be desirable in order to 
confirm these results. 

Evidence for the use of  
collagen-based wound dressings 
Results of studies of collagen-based wound dressings are 
only of moderate or low-quality. Gottrup et al. showed 
statistically significant better results in favour of a 
collagen-silver dressing in patients with DFUs. The 
results for complete healing did not differ between 
groups. Other DFU studies revealed inconsistent 
results.57,59,63 For example, Kakagia et al. reported 
statistically significant ulcer dimension changes only 
under treatment with collagen plus growth factors but 
not if collagen was used alone.59 Considering the 
drawbacks of the mentioned studies, such as open-label 
study design, conducted without prior sample size 
calculation, small sample size or short study duration, 

the relevance of these data is questionable. Also, in a 
systematic literature review by Holmes et al. on the 
efficacy of collagen-based dressings for the treatment of 
DFUs, several limitations were identified in the analysed 
studies.74 However, the authors still concluded that 
collagen-based dressings can be effective in the healing 
of DFUs. In contrast, Chicone et al. did not confirm this 
conclusion.75 The authors conducted a meta-analysis 
on RCTs with ORC/collagen for the treatment of DFUs 
and concluded that due to several methodological flaws 
no evidence exists to suggest a beneficial effect of ORC/
collagen on the wound healing rate of DFU as compared 
with SOC and point out the unmet need of higher-
quality trials for the valid assessment of the efficacy of 
collagen-based dressings on the management of DFU. 

Of the six studies focused on the efficacy of collagen-
treatment on VLU healing,28,29,54–56,62 three reported 
statistically significant results in favour of collagen for 
wound size reduction.29,55,62 However, these results 
could not be confirmed in the other included studies. 
Furthermore, differences between the intervention and 
the control regarding complete healing or healing rates 
were not identified in any of the studies.28,29,54,56,62 The 
same holds true for the RCT on mixed wound types.64 
Limitations of the mentioned studies, among others, 
were the open-label design with lack of blinded outcome 
assessments and of sample size calculations, small 
sample sizes as well as a high publication bias 
(insufficient information on baseline patient and 
wound characteristics, outcome definition, 
interventions, statistics), so that results do not allow 
any efficacy conclusions of collagen on VLU healing. 

Also, in the current EWMA guidelines for the 
management of patients with VLUs, a criticism is that 
many studies on modern dressings are not powered for 
statistical significance, are unblinded for outcome 
assessment or include a highly selective population.36 
They note that evidence of efficacy exists only for some 
of the modern dressings that affect MMP activity. The 
lack of high-quality RCTs was also addressed by two 
other reviews.45,47 Firstly, in a network meta-analysis of 
59 studies dating from 1985 to 2016 on dressings and 
topical agents for treating VLUs, Norman et al.  
compared the effect of different dressings in terms of 
complete healing.47 The authors considered many of 
the studies included to be at high risk of bias. Secondly, 
Westby et al., in 2016, investigated the effects of 
protease-activity altering dressings on the healing of 
VLUs by reviewing relevant RCTs.45 The authors 
estimated the evidence for a positive influence on VLU 
healing relative to control dressings without effect on 
protease activity as low, primarily due to the risk of bias 
identified in most of the underlying studies of the 
meta-analysis. 

In addition to the DFU and VLU studies, the present 
review also included two studies on PUs.60,61 Due to 
shortcomings in the study design and reporting of data, 
the results have a low impact.61 Similarly, in the literature 
review of Westby et al., investigating the probability of 
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complete PU healing associated with different dressings 
and topical agents, the authors found that results of the 
studies identified had a high imprecision in the evidence 
as well as high risk of bias.5 Therefore, they judged the vast 
majority of evidence to be of low or very low certainty. 

Use of MMP-inhibiting wound  
dressings in clinical practice
Results of several studies demonstrate a clear trend 
towards shorter healing times, if an earlier treatment 
with MMP-inhibiting dressings was initiated.35,67,70 In 
this context, the use of TLC-NOSF dressings is indicated 
for hard-to-heal wounds such as DFUs and VLUs, as also 
recognised by health technology institutions and 
international working groups.4,71,73 No recommendation 
is given by these institutions for collagen-based  
wound dressings. 

Limitations of the present review
Potential bias in the review process may affect the 
publication language. Only studies containing an 
English full text were included, all other publications 
were ultimately excluded. It cannot be ruled out that 
informative data were missed due to this restriction. 
Furthermore, bias is possible due to the lack of screened 
databases, such as EMBASE and CINAHL. However, the 
present review focused in particular on freely accessible 
databases, which are available to a broad readership. To 
avoid bias, handsearch and reference check in reviews 
was performed and revealed only one additional hit. 
Furthermore, a search in clinical trial registers was 
performed. Therefore, it is unlikely that relevant results-
affecting data are missing. Since only RCTs were 

included in the evaluation, a lack of evidence due to 
missing information from trials of clinical routine, such 
as in observational studies, cannot be excluded. 
However, the restriction to RCTs—representing the gold 
standard of clinical trials—with a generally high 
evidence class meant that a certain comparability of the 
evidence could be achieved. 

Conclusion
This review article has considered available clinical data 
from MMP-inhibiting dressings, the ORC/collagen and 
the TLC-NOSF dressings. For the outcomes, wound size 
reduction and complete healing, significant evidence 
for the efficacy of TLC-NOSF wound dressings for DFUs 
and VLUs was identified. Therefore, the treatment of 
these wounds with TLC-NOSF is highly recommended.  
However, more high-quality, long-term studies are 
desirable to monitor the course of healing, for example 
for non-venous ulcers and other indications. 
Additionally, there is currently only limited evidence to 
support the use of collagen-based dressings in the 
treatment of hard-to-heal wounds. Hence, more RCTs 
meeting the required methodological and reporting 
standards are necessary to generate reliable results.

The main reason for the differences in evidence for the 
use of TLC-NOSF and collagen-based wound dressings 
are the differences in quality of the identified studies. 
Furthermore, inhibiting MMPs is probably only one of 
many different mechanisms, which improve the healing 
process of hard-to-heal wounds. The heterogeneity of the 
clinical outcomes of MMP-inhibiting dressings supports 
that other mechanisms are involved, which may explain 
these different clinical benefits. JWC

References
1 Dissemond J, Bültemann A, Gerber V et al. Diagnosis and treatment of 
chronic wounds: current standards of Germany’s Initiative for Chronic 
Wounds e. V. J Wound Care 2017; 26(12):727–732. https://doi.
org/10.12968/jowc.2017.26.12.727
2 Lazaro JL, Izzo V, Meaume S et al. Elevated levels of matrix 
metalloproteinases and chronic wound healing: an updated review of 
clinical evidence. J Wound Care 2016; 25(5):277–287. https://doi.
org/10.12968/jowc.2016.25.5.277  
3 Harding K. Simplifying venous leg ulcer management. Consensus 
recommendations. Wounds International, 2015
4 Rayman G, Vas P, Dhatariya K et al. IWGDF Guideline on interventions to 
enhance healing of foot ulcers in persons with diabetes. International 
Working Group on the Diabetic Foot. 2019. https://tinyurl.com/wmz43bk. 
(accessed 22 January 2020)
5 Westby MJ, Dumville JC, Soares MO et al. Dressings and topical agents 
for treating pressure ulcers. Cochrane Database Syst Rev 2017; 
6(6):CD011947. https://doi.org/10.1002/14651858.CD011947.pub2
6 Lobmann R, Zemlin C, Motzkau M et al. Expression of matrix 
metalloproteinases and growth factors in diabetic foot wounds treated 
with a protease absorbent dressing. J Diabetes Complications 2006; 
20(5):329–335. https://doi.org/10.1016/j.jdiacomp.2005.08.007
7 Lockmann A, Schill T, Hartmann F et al. Testing elevated protease 
activity: prospective analysis of 160 wounds. Adv Skin Wound Care 2018; 
31(2):82–88. https://doi.org/10.1097/01.ASW.0000527965.64870.03
8 Trengove NJ, Stacey MC, Macauley S et al. Analysis of the acute and 
chronic wound environments: the role of proteases and their inhibitors. 
Wound Repair Regen 1999; 7(6):442–452. https://doi.
org/10.1046/j.1524‑475X.1999.00442.x
9 Vaalamo M, Weckroth M, Puolakkainen P et al. Patterns of matrix 
metalloproteinase and TIMP‑1 expression in chronic and normally healing 
human cutaneous wounds. Br J Dermatol 1996; 135(1):52–59. https://doi.

org/10.1111/j.1365‑2133.1996.tb03607.x
10 Weckroth M, Vaheri A, Lauharanta J et al. Matrix metalloproteinases, 
gelatinase and collagenase, in chronic leg ulcers. J Invest Dermatol 1996; 
106(5):1119–1124. https://doi.org/10.1111/1523‑1747.ep12340167
11 Rohani MG, Parks WC. Matrix remodeling by MMPs during wound 
repair. Matrix Biol 2015; 44‑46:113–121. https://doi.org/10.1016/j.
matbio.2015.03.002
12 Ren Y, Gu G, Yao M, Driver VR. Role of matrix metalloproteinases in 
chronic wound healing: diagnostic and therapeutic implications. Chin Med 
J (Engl) 2014; 127(8):1572–1581 
13 Nwomeh BC, Liang HX, Cohen IK, Yager DR. MMP‑8 is the 
predominant collagenase in healing wounds and nonhealing ulcers. J Surg 
Res 1999; 81(2):189–195. https://doi.org/10.1006/jsre.1998.5495
14 Dinh T, Tecilazich F, Kafanas A et al. Mechanisms involved in the 
development and healing of diabetic foot ulceration. Diabetes 2012; 
61(11):2937–2947. https://doi.org/10.2337/db12‑0227
15 Ladwig GP, Robson MC, Liu R et al. Ratios of activated matrix 
metalloproteinase‑9 to tissue inhibitor of matrix metalloproteinase‑1 in 
wound fluids are inversely correlated with healing of pressure ulcers. 
Wound Repair Regen 2002; 10(1):26–37. https://doi.
org/10.1046/j.1524‑475X.2002.10903.x
16 Liu Y, Min D, Bolton T et al. Increased matrix metalloproteinase‑9 
predicts poor wound healing in diabetic foot ulcers. Diabetes Care 2009; 
32(1):117–119. https://doi.org/10.2337/dc08‑0763
17 Mwaura B, Mahendran B, Hynes N et al. The impact of differential 
expression of extracellular matrix metalloproteinase inducer, matrix 
metalloproteinase‑2, tissue inhibitor of matrix metalloproteinase‑2 and 
PDGF‑AA on the chronicity of venous leg ulcers. Eur J Vasc Endovasc 
Surg 2006; 31(3):306–310. https://doi.org/10.1016/j.ejvs.2005.08.007
18 Serra R, Buffone G, Falcone D et al. Chronic venous leg ulcers are 
associated with high levels of metalloproteinases‑9 and neutrophil 

Downloaded from magonlinelibrary.com by 054.068.131.140 on February 16, 2020.



education

11 6 J O U R N A L  O F  W O U N D  C A R E  V O L  2 9 ,  N O  2 ,  F E B R U A RY  2 0 2 0

©
 2

02
0 

M
A

 H
ea

lth
ca

re
 lt

d

gelatinase‑associated lipocalin. Wound Repair Regen 2013; 21(3):395–
401. https://doi.org/10.1111/wrr.12035
19 Cullen B, Watt PW, Lundqvist C et al. The role of oxidised regenerated 
cellulose/collagen in chronic wound repair and its potential mechanism of 
action. Int J Biochem Cell Biol 2002; 34(12):1544–1556. https://doi.
org/10.1016/S1357‑2725(02)00054‑7
20 Lucey MR, Park J, DelValle J et al. Sucrose octasulfate stimulates 
gastric somatostatin release. Am J Med 1991; 91(2 2A):S52–S57. https://
doi.org/10.1016/0002‑9343(91)90451‑3
21 Orlando RC, Tobey NA. Why does sucralfate improve healing in reflux 
esophagitis? The role of sucrose octasulfate. Scand J Gastroenterol 1990; 
25 sup173:17–21. https://doi.org/10.3109/00365529009091919
22 Johansen S, Heegaard S, Bjerrum K, Prause JU. Healing effect of 
sodium‑sucrose‑octasulfate and EGF on epithelial corneal abrasions in 
rabbits. Adv Exp Med Biol 1998; 438:683–686. https://doi.
org/10.1007/978‑1‑4615‑5359‑5_97  
23 Hart J, Silcock D, Gunnigle S et al. The role of oxidised regenerated 
cellulose/collagen in wound repair: effects in vitro on fibroblast biology and 
in vivo in a model of compromised healing. Int J Biochem Cell Biol 2002; 
34(12):1557–1570. https://doi.org/10.1016/S1357‑2725(02)00062‑6
24 Koch M, Schulze J, Hansen U et al. A novel marker of tissue junctions, 
collagen XXII. J Biol Chem 2004; 279(21):22514–22521. https://doi.
org/10.1074/jbc.M400536200
25 Raffetto JD. Which dressings reduce inflammation and improve venous 
leg ulcer healing. Phlebology: The Journal of Venous Disease 2014; 
29(1_suppl suppl):157–164. https://doi.org/10.1177/0268355514529225
26 Schönfelder U, Abel M, Wiegand C et al. Influence of selected wound 
dressings on PMN elastase in chronic wound fluid and their antioxidative 
potential in vitro. Biomaterials 2005; 26(33):6664–6673. https://doi.
org/10.1016/j.biomaterials.2005.04.030
27 Wiegand C, Schönfelder U, Abel M et al. Protease and pro‑
inflammatory cytokine concentrations are elevated in chronic compared to 
acute wounds and can be modulated by collagen type I in vitro. Arch 
Dermatol Res 2010; 302(6):419–428. https://doi.org/10.1007/
s00403‑009‑1011‑1
28 Smeets R, Ulrich D, Unglaub F et al. Effect of oxidised regenerated 
cellulose/collagen matrix on proteases in wound exudate of patients with 
chronic venous ulceration. Int Wound J 2008; 5(2):195–203. https://doi.
org/10.1111/j.1742‑481X.2007.00367.x
29 Vin F, Teot L, Meaume S. The healing properties of Promogran in 
venous leg ulcers. J Wound Care 2002; 11(9):335–341. https://doi.
org/10.12968/jowc.2002.11.9.26438
30 Coulomb B, Couty L, Fournier B, Laurensou CA. NOSF (nano‑
oligasaccharide factor) lipido‑colloid dressing inhibits MMPs in an in vitro 
dermal equivalent model. Meeting of the European Tissue Repair Society, 
Wound Repair Regen 2008; 16:A66–A82 
31 Couty L, Fournier B, Laurensou C, Bouschbacher MA. NOSF 
(nano‑oligasaccharide factor) lipido‑colloid dressing stimulates MMPs/
TIMPs complexes formation leading to MMPs inhibition in an in vitro 
dermal equivalent model. Meeting of the European Tissue Repair Soicety 
and Wound Healing Society. Wound Repair Regen 2009;17:A54–A87
32 White R, Cowan T, Glover D. Supporting evidence‑based practice: a 
clinical review of TLC healing matrix (2nd edn). MA Healthcare, 2015
33 Schmutz JL, Meaume S, Fays S et al. Evaluation of the nano‑
oligosaccharide factor lipido‑colloid matrix in the local management of 
venous leg ulcers: results of a randomised, controlled trial. Int Wound J 
2008; 5(2):172–182. https://doi.org/10.1111/j.1742‑481X.2008.00453.x
34 Edmonds M, Lázaro‑Martínez JL, Alfayate‑García JM et al. Sucrose 
octasulfate dressing versus control dressing in patients with 
neuroischaemic diabetic foot ulcers (Explorer): an international, 
multicentre, double‑blind, randomised, controlled trial. Lancet Diabetes 
Endocrinol 2018; 6(3):186–196. https://doi.org/10.1016/
S2213‑8587(17)30438‑2
35 Meaume S, Truchetet F, Cambazard F et al. A randomized, controlled, 
double‑blind prospective trial with a Lipido‑Colloid Technology‑Nano‑
OligoSaccharide Factor wound dressing in the local management of 
venous leg ulcers. Wound Repair Regen 2012; 20(4):500–511. https://doi.
org/10.1111/j.1524‑475X.2012.00797.x
36 Franks PJ, Barker J, Collier M et al. Management of Patients With 
Venous leg ulcers: challenges and current best practice. J Wound Care 
2016; 25(Sup6 Suppl 6):S1–S67. https://doi.org/10.12968/jowc.2016.25.
Sup6.S1  
37 de Souza AP, Gerlach RF, Line SR. Inhibition of human gingival 
gelatinases (MMP‑2 and MMP‑9) by metal salts. Dent Mater 2000; 
16(2):103–108. https://doi.org/10.1016/S0109‑5641(99)00084‑6
38 Gerlach RF, de Souza AP, Cury JA, Line SR. Effect of lead, cadmium 
and zinc on the activity of enamel matrix proteinases in vitro. Eur J Oral 
Sci 2000; 108(4):327–334. https://doi.
org/10.1034/j.1600‑0722.2000.108004327.x
39 Van Den Berg AJ, Halkes SB, Quarles Van Ufford HC et al. A novel 
formulation of metal ions and citric acid reduces reactive oxygen species 

in vitro. J Wound Care 2003; 12(10):413–418. https://doi.org/10.12968/
jowc.2003.12.10.26552
40 van Rossum M, Vooijs DP, Walboomers XF et al. The influence of a 
PHI‑5‑loaded silicone membrane, on cutaneous wound healing in vivo. J 
Mater Sci Mater Med 2007; 18(7):1449–1456. https://doi.org/10.1007/
s10856‑006‑0112‑z
41 Zhang ZY, Reardon IM, Hui JO et al. Zinc inhibition of renin and the 
protease from human immunodeficiency virus type 1. Biochemistry 1991; 
30(36):8717–8721. https://doi.org/10.1021/bi00100a001
42 Hampton S, Young S, Kerr A, King L. An observational study of the use 
of a polyhydrated ionogen impregnated dressing (DerMax) in the treatment 
of wounds. Poster presentation, EWMA, Prague, Czech Republic, 2006
43 Karim RB, Brito BL, Dutrieux RP et al. MMP‑2 assessment as an 
indicator of wound healing: A feasibility study. Adv Skin Wound Care 2006; 
19(6):324–327. https://doi.org/10.1097/00129334‑200607000‑00011
44 Körber A, Freise J, Rietkötter J et al. Erfolgreiche Behandlung 
therapierefraktärer chronischer Wunden mit DerMax [Successful treatment 
of therapy‑refractory chronic wounds with Tegaderm Matrix]. [In German] 
Zeitschrift fur Wundheilung. 2006; 6:310–314
45 Westby MJ, Norman G, Dumville JC et al. Protease‑modulating matrix 
treatments for healing venous leg ulcers. Cochrane Database Syst Rev 
2016; 12:CD011918. https://doi.org/10.1002/14651858.CD011918.pub2
46 British Medical Association. British Royal Pharmaceutical Society of 
Great Britain. British National Formulary (BNF): wound management 
products and elasticated garments. London: British Medical Association. 
2016. https://tinyurl.com/tg857ol (accessed 22 January 2020)
47 Norman G, Westby MJ, Rithalia AD et al. Dressings and topical agents 
for treating venous leg ulcers. Cochrane Database Syst Rev 2018; 
6(6):CD012583. https://doi.org/10.1002/14651858.CD012583.pub2
48 Healthcare MA. Wound Care Handbook. www.woundcarehandbook.
com. (accessed 22 January 2020)
49 Centre for Reviews and Dissemination. CRD’s guidance for undertaking 
reviews in health care. CRD, University of York; 2009
50 Rodgers M, Sowden A, Petticrew M et al. Testing methodological 
guidance on the conduct of narrative synthesis in systematic reviews: 
effectiveness of interventions to promote smoke alarm ownership and 
function. Evaluation 2009; 15(1):49–73. https://doi.
org/10.1177/1356389008097871
51 Jeffcoate WJ, Bus SA, Game FL et al. Reporting standards of studies 
and papers on the prevention and management of foot ulcers in diabetes: 
required details and markers of good quality. Lancet Diabetes Endocrinol 
2016; 4(9):781–788. https://doi.org/10.1016/S2213‑8587(16)30012‑2
52 Gottrup F, Apelqvist J, Price P et al. Outcomes in controlled and 
comparative studies on non‑healing wounds: recommendations to 
improve the quality of evidence in wound management. J Wound Care 
2010; 19(6):237–268. https://doi.org/10.12968/jowc.2010.19.6.48471
53 Moher D, Hopewell S, Schulz KF et al. CONSORT 2010 Explanation and 
Elaboration: updated guidelines for reporting parallel group randomised 
trials. BMJ 2010; 340 mar23 1:c869. https://doi.org/10.1136/bmj.c869
54 Andriessen A, Polignano R, Abel M. Monitoring the microcirculation to 
evaluate dressing performance in patients with venous leg ulcers. J Wound 
Care 2009; 18(4):145–150. https://doi.org/10.12968/jowc.2009.18.4.41606
55 Bertone M, Dini V, Romanelli P, Rizzello F, Romanelli M. Objective 
analysis of heterologous collagen efficacy in hard‑to‑heal venous leg 
ulcers. Wounds 2008; 20(9):245–249 
56 Cullen BM, Serena TE, Gibson MC et al Randomized controlled trial 
comparing collagen/oxidized regenerated cellulose/silver to standard of 
care in the management of venous leg ulcers. Adv Skin Wound Care 2017; 
30(10):464–468. https://doi.org/10.1097/01.ASW.0000524452.80170.d8
57 Donaghue VM, Chrzan JS, Rosenblum BI et al. Evaluation of a 
collagen‑alginate wound dressing in the management of diabetic foot 
ulcers. Adv Wound Care 1998; 11(3):114–119 
58 Gottrup F, Cullen BM, Karlsmark T et al. Randomized controlled trial on 
collagen/oxidized regenerated cellulose/silver treatment. Wound Repair 
Regen 2013; 21(2):216–225. https://doi.org/10.1111/wrr.12020 
59 Kakagia DD, Kazakos KJ, Xarchas KC et al. Synergistic action of 
protease‑modulating matrix and autologous growth factors in healing of 
diabetic foot ulcers. A prospective randomized trial. J Diabetes 
Complications 2007; 21(6):387–391. https://doi.org/10.1016/j.
jdiacomp.2007.03.006
60 Kloeters O, Unglaub F, de Laat E et al. Prospective and randomised 
evaluation of the protease‑modulating effect of oxidised regenerated 
cellulose/collagen matrix treatment in pressure sore ulcers. Int Wound J 
2016; 13(6):1231–1236. https://doi.org/10.1111/iwj.12449
61 Nisi G, Brandi C, Grimaldi L et al. Use of a protease‑modulating matrix 
in the treatment of pressure sores. Chir Ital 2005; 57(4):465–468 
62 Romanelli M, Mulder G, Paggi B et al. The use of a collagen matrix in 
hard‑to‑heal venous leg ulcers. J Wound Care 2015; 24(11):543–547. 
https://doi.org/10.12968/jowc.2015.24.11.543
63 Veves A, Sheehan P, Pham HT. A randomized, controlled trial of 
Promogran (a collagen/oxidized regenerated cellulose dressing) vs 

Downloaded from magonlinelibrary.com by 054.068.131.140 on February 16, 2020.



education

11 8 J O U R N A L  O F  W O U N D  C A R E  V O L  2 9 ,  N O  2 ,  F E B R U A RY  2 0 2 0

©
 2

02
0 

M
A

 H
ea

lth
ca

re
 lt

d

11 8

©
 2

02
0 

M
A

 H
ea

lth
ca

re
 lt

d

standard treatment in the management of diabetic foot ulcers. Arch Surg 
2002; 137(7):822–827. https://doi.org/10.1001/archsurg.137.7.822
64 Manizate F, Fuller A, Gendics C, Lantis JC 2nd. A prospective, 
single‑center, nonblinded, comparative, postmarket clinical evaluation of a 
bovine‑derived collagen with ionic silver dressing versus a 
carboxymethylcellulose and ionic silver dressing for the reduction of 
bioburden in variable‑etiology, bilateral lower‑extremity wounds. Adv Skin 
Wound Care 2012; 25(5):220–225. https://doi.org/10.1097/01.
ASW.0000414705.56138.65
65 Price P, Gottrup F, Abel M. Ewma study recommendations: for clinical 
investigations in leg ulcers and wound care. J Wound Care 2014; 23(Sup5c 
Suppl 5):S1–S36. https://doi.org/10.12968/jowc.2014.23.Sup5c.S1
66 Gottrup F, Apelqvist J. The challenge of using randomized trials in 
wound healing. Br J Surg 2010; 97(3):303–304. https://doi.org/10.1002/
bjs.7030
67 Lázaro‑Martínez JL, Edmonds M, Rayman G et al. Optimal wound 
closure of diabetic foot ulcers with early initiation of TLC‑NOSF treatment: 
post‑hoc analysis of Explorer. J Wound Care 2019; 28(6):358–367. https://
doi.org/10.12968/jowc.2019.28.6.358

Reflective questions

 ● What are the important mechanisms that make the difference between acute 
undisturbed wound healing and hard‑to‑heal wounds?

 ● What is the central therapeutic approach of the sucrose‑octasulfate dressing 
in supporting wound healing?

 ● Which dressing is recommended by the International Working Group on the 
Diabetic Foot as the first‑line therapy for non‑infected neuro‑ischaemic ulcers 
without severe ischaemia? Why?

68 Augustin M, Herberger K, Kroeger K et al Cost‑effectiveness of treating 
vascular leg ulcers with UrgoStart and UrgoCell Contact. Int Wound J 
2016; 13(1):82–87. https://doi.org/10.1111/iwj.12238
69 Meaume S, Dompmartin A, Lok C et al. Quality of life in patients with 
leg ulcers: results from CHALLENGE, a double‑blind randomised 
controlled trial. J Wound Care 2017; 26(7):368–379. https://doi.
org/10.12968/jowc.2017.26.7.368
70 Münter KC, Meaume S, Augustin M et al. The reality of routine practice: 
a pooled data analysis on chronic wounds treated with TLC‑NOSF wound 
dressings. J Wound Care 2017; 26 Sup2:S4–S15. https://doi.
org/10.12968/jowc.2017.26.S4
71 National Institute for Health and Care Excellence (NICE). UrgoStart for 
treating diabetic foot ulcers and leg ulcers. Medical technologies guidance 
2019. https://tinyurl.com/uyx7qht (accessed 22 January 2020)
72 Schaper NC, Van Netten JJ, Apelqvist J et al. IWGDF Guidelines on the 
prevention and management of diabetic foot disease. The International 
Working Group on the Diabetic Foot. 2019. https://iwgdfguidelines.org/. 
(accessed 22 January 2020)
73 Sharpe A, Russell D, Manu C. Best practice recommendations for the 
implementation of a DFU treatment pathway. Wounds UK, 2018 
74 Holmes C, Wrobel J, Mac Eachern MP, Boles BR. Collagen‑based 
wound dressings for the treatment of diabetes‑related foot ulcers: a 
systematic review. Diabetes Metab Syndr Obes 2013; 6:17–29. https://doi.
org/10.2147/DMSO.S36024
75 Chicone G, de Carvalho VF, Paggiaro AO. Use of oxidized regenerated 
cellulose/collagen matrix in chronic diabetic foot ulcers: a systematic 
review. Adv Skin Wound Care 2018; 31(2):66–71. https://doi.
org/10.1097/01.ASW.0000527297.95688.76
76 Wu S, Applewhite AJ, Niezgoda J et al. Oxidized regenerated cellulose/
collagen dressings: review of evidence and recommendations. Adv Skin 
Wound Care 2017; 30(11S Suppl 1):S1–S18. https://doi.org/10.1097/01.
ASW.0000525951.20270.6c

 

Specialist wound care to help rebuild 
the lives of those injured in confl ict

Woundcare4Heroes was launched to develop a national network of 
complex wound management services. These services assist the NHS in 
providing lifelong support and care for those discharged from the Armed 
Forces. Improvised explosive devices (IEDs) are designed to infl ict 
catastrophic wounds, causing horrifi c, life-changing injuries, which 
require long-term, complex wound care. 

Woundcare4Heroes aims to provide injured service personnel with 
access to specialist wound healing services near to their home. This 
enables family and friends to support them through these life-changing 
circumstances, with the potential to dramatically improve their wound 
healing and, as a result, their life.

Donate now • fi nd out more • volunteer
To donate today please visit our donations page:
www.woundcare4heroes.org.uk/donate

woundcare4heroes.org.uk Registered Charity number: 1149034
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