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ABSTrACT

Background – Foot ulceration is a major problem in people with diabetes and is the leading 
cause of hospitalization and limb amputations. Skin grafts and tissue replacements can be used 
to reconstruct skin defects for people with diabetic foot ulcers in addition to providing them with 
standard care. Skin substitutes can consist of bioengineered or artificial skin, autografts (taken from 
the patient), allografts (taken from another person) or xenografts (taken from animals). 

objectives – To determine the benefits and harms of skin grafting and tissue replacement for 
treating foot ulcers in people with diabetes.

Search methods – In April 2015 we searched: The Cochrane Wounds Specialised Register; the 
Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library); Ovid MEDLINE; 
Ovid MEDLINE (In-Process & Other Non-Indexed Citations); Ovid EMBASE and EBSCO CINAHL. 
We also searched clinical trial registries to identify ongoing studies. We did not apply restrictions to 
language, date of publication or study setting.

Selection criteria – Randomized clinical trials (RCTs) of skin grafts or tissue replacements for 
treating foot ulcers in people with diabetes.

data collection and analysis – Two review authors independently extracted data and assessed 
the quality of the included studies.

main results – We included seventeen studies with a total of 1655 randomized participants in this 
review. Risk of bias was variable among studies. Blinding of participants, personnel and outcome 
assessment was not possible in most trials because of obvious differences between the treatments. 
The lack of a blinded outcome assessor may have caused detection bias when ulcer healing 
was assessed. However, possible detection bias is hard to prevent due to the nature of the skin 
replacement products we assessed, and the fact that they are easily recognizable. Strikingly, nearly 
all studies (15/17) reported industry involvement; at least one of the authors was connected to a 
commercial organization or the study was funded by a commercial organization. In addition, the 
funnel plot for assessing risk of bias appeared to be asymmetrical; suggesting that small studies 
with ’negative’ results are less likely to be published. Thirteen of the studies included in this review 
compared a skin graft or tissue replacement with standard care. Four studies compared two grafts 
or tissue replacements with each other. When we pooled the results of all the individual studies, 
the skin grafts and tissue replacement products that were used in the trials increased the healing 
rate of foot ulcers in patients with diabetes compared to standard care (risk ratio (RR) 1.55, 95% 
confidence interval (CI) 1.30 to 1.85, low quality of evidence). However, the strength of effect was 
variable depending on the specific product that was used (e.g. EpiFix® RR 11.08, 95% CI 1.69 to 
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72.82 and OrCel® RR 1.75, 95% CI 0.61 to 5.05). Based on the four included studies that directly 
compared two products, no specific type of skin graft or tissue replacement showed a superior 
effect on ulcer healing over another type of skin graft or tissue replacement. Sixteen of the included 
studies reported on adverse events in various ways. No study reported a statistically significant 
difference in the occurrence of adverse events between the intervention and the control group. Only 
two of the included studies reported on total incidence of lower limb amputations. We found fewer 
amputations in the experimental group compared with the standard care group when we pooled the 
results of these two studies, although the absolute risk reduction for amputation was small (RR 0.43, 
95% CI 0.23 to 0.81; risk difference (RD) -0.06, 95% CI -0.10 to -0.01, very low quality of evidence). 

Conclusions – Based on the studies included in this review, the overall therapeutic effect of skin 
grafts and tissue replacements used in conjunction with standard care shows an increase in the 
healing rate of foot ulcers and slightly fewer amputations in people with diabetes compared with 
standard care alone. However, the data available to us was insufficient for us to draw conclusions 
on the effectiveness of different types of skin grafts or tissue replacement therapies. In addition, 
evidence of long term effectiveness is lacking and cost-effectiveness is uncertain.



Processed on: 12-4-2017Processed on: 12-4-2017Processed on: 12-4-2017Processed on: 12-4-2017

509107-L-bw-Santema509107-L-bw-Santema509107-L-bw-Santema509107-L-bw-Santema

60

Chapter 4

BACKGrouNd

description of the condition
Foot ulceration is a major problem in people with diabetes, and is often caused by a combination 
of factors such as neuropathy (nerve damage), foot deformity, external trauma or peripheral arterial 
disease.1-4 A diabetic foot ulcer has been defined as a wound of full-thickness (into the subcutaneous 
tissue, the innermost layer of the skin) below the ankle, or as a lesion of the foot penetrating through 
the dermis (the inner layer of the skin), in people with type 1 or type 2 diabetes.5, 6

Worldwide, almost 350 million people have been diagnosed with diabetes mellitus, and this number 
is still increasing.7 The annual incidence of development of a foot ulcer in people with diabetes is 
1% to 4%, and the lifetime risk is approximately 12% to 25%.8, 9 These ulcers are a leading cause 
of hospitalization and major amputations (above the ankle joint).10, 11 About 85% of amputations are 
preceded by ulceration.1 After amputation there is a high risk of re-amputation at a higher level on 
the same limb.12, 13 It is estimated that worldwide there is an amputation due to diabetes every 30 
seconds.14

Current treatment of foot ulcers in people with diabetes usually consists of pressure off-loading 
(keeping weight off the area),15 debridement (removal of dead tissue),16 infection control, the use of 
wound dressings or topical agents,17-22 intensive regulation of blood glucose,23 and, in the case of 
ischemia, vascular reconstruction.2 Additional treatments such as hyperbaric oxygen therapy24,25 

and granulocyte-colony stimulating factor26 may also be used. Despite these multidisciplinary 
treatments, complete healing is not accomplished in 24% to 60% of ulcers. 27, 28

Diabetic foot ulceration has a great impact on quality of life and poses a significant burden on the 
healthcare budget.29, 30 The direct medical costs of each ulcer can frequently exceed USD 45,000.31-33 
The overall long-term costs attributable to diabetic foot ulceration were analyzed over a period of three 
years.34 This showed that the costs, including inpatient care, outpatient care, home care and social 
services, ranged from USD 16,100 in a person with a healed ulcer without critical ischemia to USD 
63,100 in people who underwent a major amputation.

description of the intervention
Skin grafts and tissue replacement can be used to treat foot ulcers in people with diabetes by 
reconstructing the skin defect. Skin substitutes need to be placed on a prepared wound bed to ensure 
contact between the wound bed and the graft and they take on the functions of the missing skin layer. 
Before the skin substitute is applied ulcers are usually rinsed and debrided to remove hyperkeratinized 
(abnormally horny or thickened skin) or necrotic tissue. The method of clinical application of the graft/
tissue replacement and the frequency of application depends on the specific product used. Some skin 
substitutes are designed for temporary wounds coverage and some as a permanent replacement.
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Different types of skin grafts and tissue replacements are currently available. These are generally 
divided into the following categories: autografts (taken from the patient), allografts (taken from one 
person, given to another) and xenografts (taken from animals), and bioengineered tissue or artificial 
skin. They are used in a number of ways.

 ‒ Autografts: skin taken from the patient and placed directly in the bed of the target ulcer (e.g. 
split-skin or full-thickness skin from pinch or mesh grafts).

 ‒ Allografts and xenografts:  skin taken from other humans or animals with a similar skin 
structure, placed directly in the bed of the target ulcer.

 ‒ Bioengineered or artificial skin:  skin replacement products created in a laboratory from 
cultures of skin components and cells (e.g. fibroblasts or keratinocytes), and then placed in 
the bed of the target ulcer.

Grafting and tissue replacement of allogeneic skin are associated with some risk of transmission 
of infections such as hepatitis or the human immunodeficiency virus (HIV). Even with screening for 
these diseases in donors, this risk is not eliminated entirely.35

how the intervention might work
Despite the current variety of strategies available for the treatment of foot ulcers in people with 
diabetes, not all ulcers achieve complete healing. Additional treatments with skin grafts and tissue 
replacement products have been developed that aim to promote complete wound closure by 
reconstructing the skin defect. It is believed that tissue replacements promote complete closure 
of the ulcer through the addition of extracellular matrices that induce growth factors and cytokine 
expression, although the exact mechanism underlying the process remains unclear.

Why it is important to do this review
The treatment of foot ulcers in people with diabetes is complex and challenging. Foot ulceration 
continues to be the leading risk factor for major amputation and is a significant burden to the 
healthcare system. Delayed ulcer healing is an example of the impaired process of wound healing 
(inflammation, tissue formation and tissue remodeling) characteristic of people with diabetes. Skin 
grafts and tissue replacements could function as a temporary cover for ulcers and aid normal wound 
healing alongside usual care that includes, for example, mechanical pressure relief and, in the case 
of ischemia, vascular reconstruction.

There are some reviews on the use of skin replacement therapies for treating foot ulcers in people 
with diabetes.36,37 One review suggests that tissue-engineered artificial skin products may be cost-
effective in selected patients with chronic wounds,37 however no recent review has included a 
rigorous quality assessment.
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This systematic review will examine current evidence for skin grafts and tissue replacement for 
treating foot ulcers in people with diabetes to inform current practice about effectiveness, costs and 
safety. The review will help clinicians to make informed decisions about the use of grafting and tissue 
replacement alongside usual care.

objectives
To determine the benefits and harms of skin grafting and tissue replacement for treating foot ulcers 
in people with diabetes.

meThodS

Criteria for considering studies for this review
Types of studies
Randomized clinical trials (RCTs), in any setting. We included cross-over trials only if the outcomes 
at the point of cross-over were given.

Types of participants
People (18 years of age or older) with diabetes mellitus types 1 or 2, who have been diagnosed with 
an open foot ulcer of ischemic, neuropathic or neuroischemic etiology. We excluded trials that also 
include wounds of different etiologies, such as burns, if the data for the diabetic foot ulcer subgroups 
were not reported separately.

Types of interventions
Skin grafts or tissue replacements applied to foot ulcers in people with diabetes. We included studies 
if they compared different types of skin grafts or tissue replacements, or compared skin grafts or 
tissue replacements with standard care or placebo.

Types of outcome measures
Primary outcomes

 ‒ Incidence of complete closure of the foot ulcer (healing rate).
 ‒ Time to complete closure of the foot ulcer.
 ‒ Total incidence of lower limb amputations (major and minor amputations with a minimum of 

one toe removed, defined as amputation above or below the ankle joint, respectively).

Secondary outcomes
 ‒ Recurrence rate of foot ulcers.
 ‒ Change in ulcer area.
 ‒ Incidence of infection.
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 ‒ Quality of life (as measured by a valid scale such as EQ-5D or SF-36).
 ‒ Safety (treatment-related adverse events).
 ‒ Costs of treatment.

Search methods for identification of studies
Electronic searches
We searched the following electronic databases to identify reports of relevant clinical trials:

 ‒ The Cochrane Wounds Specialised Register (searched 09 April 2015);
 ‒ The Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 2015, 

Issue 3);
 ‒ Ovid MEDLINE (1946 to 09 April 2015);
 ‒ Ovid MEDLINE (In-Process & Other Non-Indexed Citations) (searched 09 April 2015);
 ‒ Ovid EMBASE (1974 to 09 April 2015);
 ‒ EBSCO CINAHL (1982 to 09 April 2015).

The search strategies we used can be found in Appendix 1. We combined the Ovid MEDLINE search 
with the Cochrane Highly Sensitive Search Strategy for identifying randomized trials in MEDLINE: 
sensitivity- and precision-maximizing version (2008 revision).38 We combined the Ovid EMBASE 
search with the Ovid EMBASE filter developed by the UK Cochrane Centre.38 We combined the 
EBSCO CINAHL searches with the trial filters developed by the Scottish Intercollegiate Guidelines 
Network.39 We did not impose any restrictions with respect to language, date of publication or study 
setting.

We searched the following clinical trials registries in an effort to identify published, unpublished 
and ongoing trials: ClinicalTrials.gov (clinicaltrials.gov); ISRCTN registry (www.controlled-trials.com); 
Trials Central (www.trialscentral.org); World Health Organization (WHO) International Clinical Trials 
Registry (ICTR) (http://apps.who.int/trialsearch/Default.aspx); The European Union (EU) Clinical 
Trials Register (www.clinicaltrialsregister.eu).

Searching other resources
We handsearched the bibliographies of all relevant articles for further relevant studies.

data collection and analysis
We summarized data using standard Cochrane Collaboration methodologies.40

Selection of studies
Independently, two review authors (TS and DU) assessed titles and abstracts of the studies identified 
by the search strategy. We retrieved the full-text of all potentially relevant abstracts and citations. 
Independently, these two review authors checked all full-text papers for eligibility. Disagreements 
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were resolved by discussion between the review authors, with the third review author (PP) acting 
as an arbitrator, if necessary. The selection process was recorded in sufficient detail to complete a 
PRISMA flow diagram,41 as shown in figure 1.

Data extraction and management
Details of eligible studies were extracted independently and summarized by two review authors 
using a standardized data extraction sheet. Discrepancies between review authors were resolved 
by discussion to achieve a final consensus, with the third author acting as an arbitrator, if necessary. 
Where data were missing from reports, we attempted to obtain the missing information by contacting 
the study author. One review author (TS) entered the data into Review Manager42 and two other 
authors (DU and PP) checked the entered data.

We extracted the following data.
 ‒ Country of origin.
 ‒ Patient inclusion and exclusion criteria.
 ‒ Type of ulcer.
 ‒ Study setting.
 ‒ A priori sample size calculation.
 ‒ Unit of allocation and number of participants randomized to each intervention.
 ‒ Baseline participant data.
 ‒ Description of intervention and comparison.
 ‒ Details of any cointerventions.
 ‒ Types of primary and secondary outcome measures (with definitions).
 ‒ Primary and secondary outcome data.
 ‒ Duration of follow-up.
 ‒ Number of withdrawals and reasons for withdrawal (by group).
 ‒ Adverse events (including amputations).
 ‒ Source of funding of the trial.

Assessment of risk of bias in included studies
Independently, two review authors assessed the risk of bias for each included study using the 
Cochrane tool for assessing risk of bias.43 This tool addresses six specific domains, namely: 
sequence generation, allocation concealment, blinding, incomplete outcome data, selective 
reporting and other issues (e.g. extreme baseline imbalance or bias related to the specific study 
design). See Appendix 2 for the criteria on which we based our judgement.

The authors assessed blinding and completeness of outcome data separately for each outcome. We 
completed a ‘Risk of bias’ table for each eligible study. We discussed any disagreement amongst all 
review authors to achieve a consensus. We presented the assessment of risk of bias using a ‘Risk 



Processed on: 12-4-2017Processed on: 12-4-2017Processed on: 12-4-2017Processed on: 12-4-2017

509107-L-bw-Santema509107-L-bw-Santema509107-L-bw-Santema509107-L-bw-Santema

Skin grafting and tissue replacement for treating foot ulcers in people with diabetes

65

4

of bias’ summary figure, which presents all of the judgements in a cross-tabulation of study by entry 
(figure 2). This display of internal validity indicates the weight the reader may give the results of each 
study. Also see figure 3 for a ‘Risk of bias’ graph.

measures of treatment effect
We calculated risk ratios (RRs) with 95% confidence intervals (CIs) for dichotomous outcomes, 
such as incidence of complete closure of the ulcer and incidence of amputation. For continuous 
outcomes, such as quality of life and cost, we would have calculated the difference in means (mean 
difference; MD) with 95% CIs as recommended by Higgins et al..40 For time to complete wound 
healing we planned to extract hazard ratios (HRs) with 95% CIs.

unit of analysis issues
We dealt with unit of analysis issues according to guidance provided in the Cochrane Handbook 
for Systematic Reviews of Interventions.40 We reported whether studies measured outcomes per 
person or per ulcer, and whether multiple ulcers on the same person were studied. Since the healing 
of multiple ulcers on an individual person cannot be considered to be independent events, we 
reported outcomes per person whenever possible.

dealing with missing data
We contacted the study authors when data were incomplete or missing. Where trials reported 
outcomes only for participants who completed the follow-up period, we treated the participants 
who were not included in the analysis as if their wound did not heal (e.g. withdrawals, participants 
lost-to follow up or otherwise excluded from analysis). We evaluated whether an intention-to-treat 
(ITT) analysis was performed or could have been performed. An ITT analysis includes all participants 
randomized into a trial irrespective of what happened subsequently.40

Assessment of heterogeneity
We evaluated clinical and methodological heterogeneity by comparing population, methods, 
interventions, and outcomes of studies. We assessed statistical heterogeneity by visual inspection 
of the forest plots (overlap of CIs) and by using the Chi² test and the I² statistic. If the P value of the 
Chi² test was greater than 0.1, no significant statistical heterogeneity was present. The I² statistic 
was interpreted as suggested by Higgins: 0% to 40% might not be important, 30% to 60% may 
represent moderate heterogeneity, 50% to 90% may represent substantial heterogeneity and 75% 
to 100% may represent considerable heterogeneity.44

Assessment of reporting biases
We used a funnel plot of primary outcomes to illustrate variability between trials visually and to 
assess whether the review was subject to publication bias.
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data synthesis
Details of the studies that were eligible for inclusion in this review were presented narratively or, 
whenever appropriate, by using meta-analysis. If trials were similar in terms of population, methods, 
interventions and outcomes, we considered pooling them using a fixed-effects model to summarize 
their results. If the I² was less than 50%, we also presented the results of a random effects model and 
discussed which measure we believed to be the most appropriate. If I² was substantial (over 75%) 
we did not pool these studies. We presented risk ratios (RRs) with 95% confidence intervals (CIs) 
for dichotomous outcomes. If meta-analysis had been possible for continuous outcomes, we would 
have calculated a pooled difference in means (mean difference; MD) with 95% CIs as recommended 
by Higgins et al.40 For time to complete wound healing we planned to plot hazard ratios (HRs) with 
95% CIs using the generic inverse variance method in Review Manager.42

‘Summary of findings’ tables
We presented the main results of this review in ‘Summary of findings’ tables. These tables present key 
information concerning the quality of the evidence, the magnitude of the effects of the interventions 
examined, and the sum of the available data for the main outcomes.45 ‘Summary of findings’ tables 
also include an overall grading of the evidence related to each of the main outcomes using the 
GRADE (Grades of Recommendation, Assessment, Development and Evaluation) approach. The 
GRADE approach defines the quality of a body of evidence as the extent to which one can be 
confident that an estimate of effect or association is close to the true quantity of specific interest. 
The quality of a body of evidence involves consideration of within-trial risk of bias (methodological 
quality), directness of evidence, heterogeneity, precision of effect estimates and risk of publication 
bias.46

Subgroup analysis and investigation of heterogeneity
We conducted subgroup analyses to examine the treatment effects of the different types of skin 
grafts or skin replacements. When subgroup analyses were not possible due to a lack of data, we 
reported the results narratively, according to the types of skin graft or replacement.

Sensitivity analysis
We conducted a sensitivity analysis to assess the impact of excluding trials assessed as being at 
high, or unclear, risk of bias. We excluded trials from this sensitivity analysis if they were at high 
risk or unclear risk of bias in at least two of the following three domains, namely: generation of the 
allocation sequence, concealment of allocation and blinding of outcome assessor.
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reSuLTS

results of the search
The initial search resulted in 283 potentially relevant records. After the first screening we selected 22 
full-text articles for a more detailed assessment. Seventeen studies were eligible for inclusion in this 
review (figure 1). We identified five ongoing studies NCT01693133; NCT02070835; NCT02120755; 
NCT02331147; NCT02399826) assessment (checked ISRCTN register 14 August 2015).

Included studies
We included seventeen RCTs with a total of 1655 randomized participants. Study size ranged from 
23 to 314 included patients. Thirteen studies compared a skin graft or tissue replacement with 
standard care.47-59. Four studies investigated the effectiveness of two different types of grafts.60-63

Study setting
Four studies were single-centred47,59,60,62 and thirteen were multi-centred.48-58,61 Most (11/17) studies 
were undertaken in the United States. One study was multinational, taking place in the European 
Union and Australia,49 one was conducted in Thailand,62 two in Korea57,58 and two in Italy.48,55 None of 

Records identified through database 
search after removal of duplicates

N = 283

References retrieved for more detailed 
evaluation based on title and abstract

N = 51

Excluded

N = 232

Excluded

N = 29

Assessment based on full text 

N = 22

Identified for inclusion in review

N = 17

Excluded

N = 5

▪N = 3: Single-center results of multicenter 
study already included in review
▪N = 1: Control group not standard care, 
placebo or other type of tissue 
replacement
▪N = 1 Cross-over study without outcome 
reporting before crossover. 

figure 1. Study flow diagram of the number of records identified, included and excluded, and the reasons for exclusion.
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the studies provided a detailed description of the study setting, but it appears that in general, studies 
were conducted in an outpatient hospital setting.

Inclusion and exclusion criteria
Inclusion and exclusion criteria were clearly listed in most trials (15/17). Two publications lacked a 
complete description of the selected patients.53,62 

The majority of studies (15/17) excluded patients with an infection of the target ulcer. One study 
allowed the inclusion of ulcers with limited infection, as only patients with cellulitis or osteomyelitis 
were excluded.61 In another study, only ulcers with the absence of deep abscesses, gangrene 
or necrotizing fasciitis were included.62 Adequate arterial perfusion of the foot was required for 
inclusion in all fifteen trials that described their inclusion and exclusion criteria. More than half of 
the studies (10/17) included chronic, or hard-to-heal ulcers that were present for at least four to six 
weeks.47,48,51,55,57-61,63 Four studies included ulcers that were present for at least two weeks.49,52,53,56 
Three studies did not specify the minimum period of ulcer duration in their inclusion criteria.50,54,62

follow-up period
The follow-up period ranged from six weeks59 to 14 months,50 but most trials (11/17) reported a 
follow-up period of 12 weeks.49-58,61

Sample size
An a priori sample size calculation was described in only three studies.48,52,57 In only one of these 
trials the chosen effect size was clearly described.48 In this trial they calculated a sample size of 78 
participants to detect a difference in healing rate after 30 days with 70% of ulcers healing in the 
intervention group and 30% of ulcers healing in the control group.

Most trials included less than 100 participants, whereas four trials included more than 100 
participants.52,53,55,56 The largest included trial in this review had 314 participants,52 while the smallest 
had only 23 participants.63

excluded studies
We excluded five studies from this review. We excluded three single-center studies since the 
results were incorporated in multicenter studies already included in this revie.64-66 Also the use of a 
recombinant human platelet-derived growth factor in the control group,67 and the lack of outcome 
data before treatment switch in a cross-over study led to exclusion.68

risk of bias in included studies
Further details of each study are documented in the ‘Characteristics of included studies’ [available 
online at the Cochrane Library] and the ‘Risk of bias’ summary figures (figure 2 and figure 3).



Processed on: 12-4-2017Processed on: 12-4-2017Processed on: 12-4-2017Processed on: 12-4-2017

509107-L-bw-Santema509107-L-bw-Santema509107-L-bw-Santema509107-L-bw-Santema

Skin grafting and tissue replacement for treating foot ulcers in people with diabetes

69

4

figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included study.
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figure 3. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across 
all included studies.

Allocation
Randomization sequence generation
Ten studies reported a random component in the sequence generation process, such as a computer-
generated random number table or a randomization schedule.48-51, 55-59, 63 

In one study, an error in the randomization scheme led to an uneven patient distribution. We 
considered the risk of bias to be high for this study.60 The remaining six studies were described 
as being randomized, but provided insufficient information about the method of random sequence 
generation. We therefore classified these studies at an unclear risk of bias for this domain.47,52-54,61,62

Allocation concealment
In eight studies the treatment allocation was adequately concealed. Five of these studies reported 
the use of sealed envelopes.49,50,55,56,63 One study reported a central independent allocation 
method,61 and another study concealed the allocation by using a computer-generated randomization 
code.51 Caravaggi et al.48 reported that the “randomization schedule was held by the sponsor.” The 
remaining nine trials did not describe the method of allocation concealment. We classified these 
studies at an unclear risk of bias for this domain.

Blinding
Blinding of participants and personnel
None of the included studies described blinding of personnel. Participants were blinded to the 
treatment allocation in three of the included studies and we therefore classified them at a low risk 
of bias for this domain.52,53,57 We considered nine studies to be at a high risk of bias for this domain 
because they were described as open-label or single-blinded studies.48-51,55,56,59,61,63 The remaining 
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five studies provided no information regarding blinding of participants and personnel and we 
classified them as having an unclear risk of bias for this domain.47,54,68,60,62 

Blinding of outcome assessment
Blinded assessment of the outcome was described in only one study.51 Nine studies specifically stated 
the lack of outcome assessment and we classified them at a high risk of bias for this domain.52-57,59,61,63 
The remaining seven studies provided no information regarding blinding of outcome assessment and 
we classified them as having an unclear risk of bias for this domain. 47-50,58,60,62 

Incomplete outcome data
We classified 9 studies at low risk of bias for incomplete outcome data because the numbers and 
reasons for withdrawals were adequately described.47-52, 54, 56, 59 Four trials reported dropouts but 
failed to include all patients in the ITT analysis.53, 55, 57, 58 We judged these four studies to be at high 
risk of bias for this domain. The remaining four trials did not provide a statement regarding missing 
data and we classified them as having an unclear risk of bias for this domain.60-63 

Selective reporting
The majority of studies (14/17) reported all clinically relevant outcomes without suggestion of 
selective reporting and we classified them at a low risk of bias for this domain.47-52,53-56,58-60,62,63 Primary 
outcomes were related to ulcer healing. Only Veves et al.56 reported on incidence of amputation as 
a separate outcome parameter. However, given the short follow-up time, no statistically significant 
differences could be expected for this outcome.

We classified three studies as having an unclear risk of bias for selective reporting. Landsman et al.61 
described that the wounds were measured at each time point. But data on the outcome ‘wound 
closure’ was only specified as incidence of ‘healed wounds’ and not as a measured change in wound 
size. In a second study, the primary outcome parameter was changed to the number of ‘active 
implants’, which resulted in less patients receiving the ‘best treatment’.53 In the third study, You et al. 
(2012)57 left out the exact numbers of patients in the ITT analysis.

Some studies (7/17) failed to report outcomes based on ITT analyses or failed to include all 
randomized patients in the ITT analysis.49, 52-55, 57, 58 Because total number of participants was stated in 
each study, we were able to easily calculate the effects based on the ITT. We treated the participants 
who were not included in the analysis as if their wound did not heal (worst case scenario).

Other potential sources of bias
We classified all studies as having an unclear risk of bias for this domain as no trial was completely 
free of components that could put it at risk of bias. For example, in three studies the baseline 



Processed on: 12-4-2017Processed on: 12-4-2017Processed on: 12-4-2017Processed on: 12-4-2017

509107-L-bw-Santema509107-L-bw-Santema509107-L-bw-Santema509107-L-bw-Santema

72

Chapter 4

characteristics were not provided,47,53, 55 while one study showed baseline differences.50 Furthermore, 
nearly all studies (15/17) reported industry involvement; at least one of the authors was connected to 
a commercial organization or the study was funded by a commercial organisation.47-60, 63

effects of interventions
Primary outcomes
Incidence of complete closure of the ulcer (healing rate)
Thirteen studies compared a skin graft or tissue replacement with standard wound care and reported 
on incidence of complete closure of the ulcer. Compared products were Apligraf® or Graftskin®,49,56 
Dermagraft®,50,52,53 EpiFix®,59 Graftjacket®,47,54 Hyalograft 3D®,47,55,58 Kaloderm®57 and OrCel®.51 
Pooling of the results was possible because all trials reported on incidence of complete closure at 
similar time points. Eleven trials reported on incidence of complete closure after 12 weeks,49-58,63 one 
after 11 weeks,48 one after 16 weeks47 and one after six weeks.59

Pooling of these results by using a random-effects model yielded a significant effect in favor of the 
intervention group (risk ratio (RR) 1.55, 95% CI 1.30 to 1.85, low quality of evidence) (Analysis 1.1). 
Because there was only limited statistical heterogeneity for this outcome (I2 = 30%) we also pooled 
the effects by using a fixed-effect model (RR 1.55, 95% CI 1.35 to 1.79). However, we believe the 
use of a random-effects model is more appropriate because of the small clinical differences between 
the products that were used in the intervention groups.

In the sensitivity analysis we excluded the trials with high, or unclear risk of bias for two of the 
following three domains, namely: generation of the allocation sequence, concealment of allocation 
and blinding of outcome assessor. Pooling the results from the six trials48-51,55,56 that were assessed 
at low risk of bias showed similar results in favor of the intervention group (RR 1.49, 95% CI 1.21 to 
1.85) (Analysis 1.2).

Four studies compared two grafts or tissue replacements and reported on incidence of complete 
closure.60-63 One of these four studies compared a meshed skin graft with a split-skin graft in 80 
participants.62 Incidence of complete ulcer closure was not specifically stated as an outcome 
parameter, but they reported that all wounds were healed after six months (Analysis 2.1).

Landsman et al.61  compared a living skin equivalent (Dermagraft®) with an extracellular collagen 
wound dressing (OASIS®). In this trial no significant differences were found as to the incidence of 
complete ulcer closure (RR 1.10, 95% CI 0.75 to 1.60) (Analysis 3.1).

One study60 reported a higher incidence of ulcer healing after 20 weeks in the TheraSkin® group 
(66.7%) compared with the Apligraf® group (46.1%), although this difference was not statistically 
significant (RR 0.71, 95% CI 0.37 to 1.34) (Analysis 4.1).
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Sanders et al.63 reported a higher incidence of ulcer healing after 12 weeks in the TheraSkin® group 
(63.6%) compared with the Dermagraft® group (33.3%), but this difference was not statistically 
significant (RR 1.91, 95% CI 0.76 to 4.77) (Analysis 5.1).

Time to complete closure of the foot ulcer
Sixteen studies reported on time to complete healing. Lipkin et al.51 was the only study that did not 
report on time to complete closure. However, the majority of studies had not been using survival 
analysis and reported hazard ratios, so meta-analysis was not possible for this outcome. Uccioli et 
al.55 was the only study that reported the estimated hazard ratio (HR) for time to complete healing 
after two weeks. Trialists reported a HR of 2.17 of achieving complete closure per week in favor of 
the intervention group. We reported all other statements on this outcome in the Characteristics of 
included studies tables [available online at the Cochrane Library].

Total incidence of lower limb amputations
Only two studies reported on the total incidence of amputations. Veves et al.56  reported a lower 
amputation rate after 12 weeks in the Graftskin® group (6.3%) compared with the control group 
(15.6%).  Frykberg et al.69  (the same study as Marston et al.52) reported a lower total number of 
amputations and bone resections in the Dermagraft group (5.5%) compared with the control group 
(12.6%). However, when we excluded the bone resections and define ‘lower limb amputation’ as 
a below knee amputation, foot amputation or toe amputation, there was no statistical significant 
difference (3.7% and 7.9%, respectively). By pooling the results of these two studies, we still found 
that there were fewer lower limb amputations after 12 weeks in the experimental groups; this is 
a small but statistically significant difference (RR 0.43, 95% CI 0.23 to 0.81,  very low quality of 
evidence) (Analysis 1.3).

Reyzelman et al.54 and Edmonds et al.49 reported on three amputations as being an adverse event, 
but it is not clear whether all amputations were reported so these studies were not included in the 
meta-analysis.  Reyzelman et al.54  stated that two hallux amputations occurred during the study 
period, but it was not clear to which group these patients were allocated. Edmonds et al.49 reported 
one transmetatarsal amputation in the group that was not treated with a tissue replacement.

Secondary outcomes
Recurrence rate of foot ulcers
Six studies reported on recurrence rates of foot ulcers.49,50,53,56,58,62 Four of these studies found no 
differences in ulcer recurrence rates between the study groups.49,50,56,58 Edmonds et al.49 reported 
one recurrent ulcer in the Apligraf® group (1/15, 7.0%) and one recurrent ulcer in the control 
group (1/10, 10%).  Veves et al.56  reported a recurrence percentage of 5.9% in the Graftskin® 
group (3/112) and 12.9% in the control group (4/96) during the first six months. You et al. (2014)58 
showed an ulcer recurrence rate of 6.3% in the intervention group (1/16) and 6.7% in the control 
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group (1/15) among patients who were monitored for 6 months. Gentzkow et al.50 reported that 
none of the healed ulcers (n = 11 intervention group, n = 1 control group) had recurred during the 
follow-up period (mean 14 months, range two to 22 months). Pooling of the results of these four 
studies showed no statistically significant difference in recurrence rates between intervention and 
control groups (RR 0.69, 95% CI 0.22 to 2.22) (Analysis 1.4).

Naughton et al.53 did not report exact numbers of recurred ulcers, but stated “whereas ulcers 
recurred in a comparable minority of both groups, it is noteworthy that Dermagraft® tended to delay 
recurrence (median time to recurrence: 12 weeks for Dermagraft® versus 7 weeks for control)”.

One study that compared two grafts reported on ulcer recurrence.62 Puttirutvong et al.62 reported one 
recurrent ulcer in the split-skin group and no recurrence in the meshed skin group after six months.

Change in ulcer area
Nine studies reported on change or reduction in ulcer area in various ways, which precluded meta-
analysis.47, 48, 50, 52, 54, 55, 57-59 

Without presenting the exact numbers, Brigido et al.47 did show a figure of the average percentage 
of wound area that healed each week.

Caravaggi et al.48 reported the mean percentage in wound size reduction for the ulcers that did not 
heal during the study period. The mean percentage wound reduction in the intervention group was 
61.1% (SD 26.0) for plantar ulcers and 68.0% (SD 37.3) for dorsal ulcers. In the control group these 
percentages were 64.7% (SD 34.7) and 32.9% (SD 35.1) respectively.

Gentzkow et al.50  reported on percentage of wounds achieving 50% closure after 12 weeks. In 
the group that received one piece of Dermagraft® weekly for a total of eight pieces and eight 
applications, 75% of patients achieved 50% wound closure. In the control group 23.1% achieved 
50% closure by week 12.

Marston et al.52 reported on the median percentage of wound closure by week 12. They found a 
median percent wound closure of 91% in the Dermagraft® group and 78% in the control group.

Reyzelman et al.54 reported on the percentage of wounds that decreased in ulcer size but did not 
heal within 12 weeks. They reported that 85.7% of the patients in the intervention group and 71.4% 
in the control group experienced a decrease in ulcer size.

One study reported on a weekly ulcer size reduction percentage after two weeks.55 They reported a 
weekly reduction percentage of 29% in the intervention group and 14% in the control group.
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You et al. (2012)57 reported the mean percentage in wound area reduction for all wounds, including 
the healed ones. They reported a mean wound size reduction of 87% (SD 49%) in the intervention 
group and 74% (SD 67%) in the control group in their intention-to-treat analysis.

You et al. (2014)58 reported on the mean overall wound size reduction compared to the baseline size. 
In the intervention group they reported 3.0 cm2 (SD 2.6) wound size reduction and 2.1 cm2 (SD 1.5) 
in the control group.

Zelen et al.59 reported on the average ulcer surface area reduction. After 6 weeks they reported an 
average reduction of -1.8% (SD 70.3) in the control group and 98.4% (SD 5.8) in the intervention 
group.

Incidence of infection
In general, the incidence of infection was poorly reported as a separate outcome. Nine of the studies 
that compared a skin graft or tissue replacement mentioned ulcer-related infections (e.g. incidence 
of wound infection, osteomyelitis or cellulitis).47, 50-53, 55, 56, 57, 59 We included these studies and meta-
analysis showed less infections in the intervention group (RR 0.82, 95% CI 0.53 to 0.98) (Analysis 
1.5).

DiDomenico et al.60 reported the total number of adverse events without exact numbers of patients 
with infection or an increase in wound size. The exact number of infections was therefore unknown.

Quality of life
None of the included studies reported on this outcome.

Safety/adverse events
Landsman et al.61  was the only study not to report on adverse events. The sixteen other trials 
mentioned adverse events in various ways. Some studies stated that there were no adverse 
events,50,51 while Marston et al.,52  for example, reported up to 73% adverse events in the control 
group. One trial reported a fatal adverse event (myocardial infarction) in the intervention which was 
unrelated to the study treatment.49 No study reported a statistical difference in the occurrence of 
adverse events between the intervention and the control group.

Costs of treatment
Only one study included a comparison of costs.61 A separate cost-effectiveness analysis of this 
clinical trial is published by  Gilligan et al.70 They estimated the total costs for the treatment by 
multiplying the average number of dressings necessary for complete healing and the costs per 
dressings. On average, treatment with Dermagraft® (total USD 3505; USD 1380 per dressing) was 
four times more expensive than treatment with OASIS® (total USD 807; USD 125 per dressing). In 
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the cost-effectiveness analysis, the predicted 12-week cost per diabetic foot ulcer was USD 2522 
for OASIS® and USD 3889 for treatment with Dermagraft®.70

dISCuSSIoN

Summary of main results
This Cochrane systematic review for skin grafting and tissue replacements for treating foot ulcers 
in people with diabetes included seventeen RCTs that randomized 1655 participants. Most studies 
were multicenter (13/17) and were undertaken in the United States (11/17). Risk of bias was variable 
among studies. For the outcome ‘incidence of complete closure of the ulcer’ quality of evidence was 
low and for ‘total incidence of lower limb amputations’ quality of evidence was very low. Most trials 
lacked blinding of participants, personnel and outcome assessment because of obvious differences 
between the treatment strategies. Furthermore, nearly all studies (15/17) reported industry 
involvement, while at least one of the authors was connected to a commercial organization or the 
study was funded by a commercial organization. Possible publication bias was present because the 
funnel plot for assessing risk of bias appeared to be asymmetrical; suggesting that small studies with 
‘negative’ results are less likely to be published.

Of the included trials in this review, thirteen studies compared a skin graft or tissue replacement with 
standard care. Four studies compared two grafts or tissue replacements with each other. When 
pooling the results of all individual studies the skin grafts and tissue replacement products that 
were used in the trials increased the healing rate of foot ulcers in patients with diabetes compared 
to standard care (RR 1.55, 95% CI 1.30 to 1.85). Based on the four included studies that directly 
compared two products, no specific type of skin graft or tissue replacement showed a superior 
effect on ulcer healing over another type of skin graft or tissue replacement. No statistically significant 
differences were found for ‘ulcer recurrence’ and ‘incidence of infection’.

Sixteen of the included studies reported on adverse events in various ways. Adverse event rates 
varied widely. No study reported a statistically significant difference in the occurrence of adverse 
events between the intervention and the control group.

Only two of the included studies reported on total incidence of lower limb amputations. Pooling the 
results of these two studies, we found fewer amputations in the experimental group compared with 
the standard care group, although the absolute risk reduction for amputation is small (RR 0.43, 95% 
CI 0.23 to 0.81; RD -0.06, 95% CI -0.10 to -0.01).

overall completeness and applicability of evidence
Most included trials focused on wound healing speed or reduction in wound size. These seem 
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relevant endpoints, but these data should be interpreted with caution. When wound size reduction 
is presented in percentages, e.g. 10% after 12 weeks, the clinical relevance for the patient is at best 
unclear.

Not all studies provided sufficient information about baseline characteristics. Baseline information is 
not only useful to check for baseline imbalances, but it also allows for comparison with other studies.

The ultimate goal of treating foot ulcers in people with diabetes is the prevention of (lower) limb 
amputations. Long-term follow-up is therefore not only necessary to assess the potential beneficial 
effect of these products on healing rates and ulcer recurrence, but also to evaluate amputation rates. 
Furthermore, no cost information on skin grafts or tissue replacement products was available in the 
selected trials; it is likely that these products are more expensive than current treatment alternatives 
and this difference should be taken into account when deciding the treatment strategy.

Currently, conventional (or standard) therapy remains the mainstay in the treatment of foot ulcers 
in people with diabetes. This multidisciplinary approach consists of pressure off-loading (keeping 
weight off the area),15 debridement (removal of dead tissue),16 infection control, the use of wound 
dressings or topical agents,17-22 intensive regulation of blood glucose,23 and -in the case of ischemia- 
vascular reconstruction.2 However, due to the variety in treatment modalities, treatment intensity 
and patient adherence, it is likely that there are differences in the effectiveness of standard care as 
well. This hampers comparing the effectiveness of skin grafts and tissue replacements with standard 
care. Furthermore, the majority of the included studies only included non-infected ulcers with an 
adequate arterial perfusion of the foot, which affects how generalizable the results are.

Quality of the evidence
GRADE assessments were conducted for the three key outcomes. Quality of the evidence was low 
for the outcome ‘incidence of complete closure of the ulcer’ and very low for the outcome ‘total 
incidence of lower limb amputations’. For the outcome ‘time to complete closure of the ulcer’, quality 
assessment was not possible. Overall, quality of the evidence was downgraded because of risk of 
bias (lack of blinding, industry involvement and possible publication bias) and imprecision. See the 
‘Summary of findings’ for the main comparison for a complete assessment and rationale for ratings.

We judged some studies to be at ‘unclear risk of bias’ due to the lack of information concerning the 
methodology stated in the paper. None of the trials used reporting guidelines, e.g. the CONSORT 
statement.71 The lack of a blinded outcome assessor may have caused detection bias when 
assessing ulcer healing. However, possible detection bias is hard to prevent due to the nature of the 
skin replacement products we assessed and the fact that they are easily recognizable. Study sizes 
were generally small, but pooling yielded a positive effect on ulcer healing although some confidence 
intervals were wide for a number of comparisons (imprecision).
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Potential biases in the review process
We believe that this review has included all RCTs currently available in the field of skin grafts or tissue 
replacements for treating foot ulcers in people with diabetes. In order to minimize bias in the review 
process, two of the review authors selected studies, extracted the study data and assessed the risk 
of bias and quality of the evidence independently.

In the assessment of publication bias, the funnel plot appeared to be asymmetrical. Small but 
statistically significant results, suggesting a beneficial effect for an experimental therapy, are more 
likely to be published. We may therefore have missed unpublished studies that found ‘negative’ 
results (figure 4).

Agreements and disagreements with other studies or reviews
Although some published reviews and meta-analyses mentioned the possible beneficial effect of 
skin grafts or tissue replacements, no rigorous quality assessment was provided in their analysis.36, 

48 In this review, we also included newer and more relevant trials. Furthermore, single-center results 
of multicenter studies were sometimes included as if they were separate trials with unrelated results. 
Despite this pooling, and similar to our pooled results, these reviews reported favorable effects of 
skin substitutes on ulcer healing. Blozik et al.36  found a pooled odds ratio of 1.46, 95% CI 1.21 

figure 4. Funnel plot of comparison: 1 Skin grafts or tissue replacements compared with standard care, outcome: 1.1 
Incidence of complete closure of the foot ulcer.
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to 1.76, showing a statistically significant difference in favor of the skin replacement products 
compared with standard care. Teng et al.72 reported a pooled odds ratio of 1.88, 95% CI 1.41 to 
2.51, also in favor of the skin substitutes.

CoNCLuSIoNS

Implications for practice
Overall, the therapeutic effect of skin grafts and tissue replacements, in conjunction with standard 
care, shows an increase in the healing rate of foot ulcers and slightly fewer amputations in people 
with diabetes compared with standard care alone. However, the data available to us was insufficient 
for us to draw conclusions on the effectiveness of different types of skin grafts or tissue replacement 
therapies, and evidence of long-term effectiveness is lacking. Furthermore, the potential benefits of 
skin grafts and tissue replacements should be weighed against the high costs of these products. 
Finally, it is important to note that skin grafts and tissue replacements cannot be seen as a treatment 
on their own, but should always be part of the multidisciplinary approach to this complex, chronic 
disease.

Implications for research
Most of the evidence which is currently available is derived from small studies with short follow-up 
periods. Further research is needed to assess long-term effectiveness of skin grafts and tissue 
replacement products. Recurrence rates, adverse events and amputation rates are essential 
outcomes and should be implemented in future studies. We also recommend quality of life and cost-
effectiveness as important outcomes. Cost-effectiveness could also be assessed in observational 
studies when evidence for the effectiveness is more solid.
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Analysis 1.1. Comparison 1 Skin grafts or tissue replacements compared with standard care, Outcome 1 Incidence of 
complete closure of the foot ulcer.
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4
Analysis 1.2. Comparison 1 Skin grafts or tissue replacements compared with standard care, Outcome 2 Incidence of 
compete closure of the foot ulcer - sensitivity analysis.

Analysis 1.3. Comparison 1 Skin grafts or tissue replacements compared with standard care, Outcome 3 Incidence of 
lower limb amputations.
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Analysis 1.4. Comparison 1 Skin grafts or tissue replacements compared with standard care, Outcome 4 Ulcer recurrence.

Analysis 1.5. Comparison 1 Skin grafts or tissue replacements compared with standard care, Outcome 5 Incidence of 
infection.
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Analysis 2.1. Comparison 2 Meshed skin graft compared with split-skin graft, Outcome 1 Incidence of
complete closure of the foot ulcer.

Analysis 3.1. Comparison 3 Dermagraft® compared with OASIS®, Outcome 1 Incidence of complete
closure of the foot ulcer.

Analysis 4.1. Comparison 4 Apligraf® compared with TheraSkin®, Outcome 1 Incidence of complete
closure of the foot ulcer.

Analysis 5.1. Comparison 5 Dermagraft® compared with TheraSkin®, Outcome 1 Incidence of complete closure of the 
foot ulcer.
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APPeNdIx 1. SeArCh STrATeGIeS

The Cochrane Wounds Specialised Register

#1 ((diabet* NEAR5 (foot or feet or ulcer* or wound* or amputat*))) AND (INREGISTER)  
#2 (((skin and graft*) or (pinch and graft*) or (split and thickness) or (full and thickness) or (allograft* or dermagraft* or 
apligraf* or autograft* or xenograft*) or (tissue NEAR5 (engineer* or bio-engineer* or bioengineer* or scaffold* or replac*)) 
or (cultured and keratinocyte*) or (artificial and skin) or (bio-engineer* and skin) or (bioengineer* and skin) or (replac* and 
skin) or ( substitut* and skin))) AND (INREGISTER)  
#3 #1 AND #2

The Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library)

#1 MeSH descriptor: [Diabetic Foot] explode all trees 
#2 MeSH descriptor: [Foot Ulcer] explode all trees 
#3 (diabet* near/3 ulcer*):ti,ab,kw 
#4 (diabet* near/3 (foot or feet)):ti,ab,kw 
#5 (diabet* near/3 wound*):ti,ab,kw 
#6 (diabet* near/3 defect*):ti,ab,kw 
#7 (#1 or #2 or #3 or #4 or #5 or #6) 
#8 MeSH descriptor: [Skin Transplantation] explode all trees 
#9 (skin next graft* or pinch next graft*):ti,ab,kw 
#10 (split next thickness or full next thickness):ti,ab,kw 
#11 (allograft* or dermagraft* or apligraf* or autograft* or xenograft*):ti,ab,kw 
#12 MeSH descriptor: [Tissue Engineering] explode all trees 
#13 MeSH descriptor: [Biocompatible Materials] explode all trees 
#14 MeSH descriptor: [Tissue Scaffolds] explode all trees 
#15 (tissue near/5 (engineer* or bio-engineer* or bioengineer* or scaffold* or replac*)):ti,ab,kw 
#16 MeSH descriptor: [Keratinocytes] explode all trees 
#17 MeSH descriptor: [Cells, Cultured] explode all trees 
#18 (cultured near/2 keratinocyte*):ti,ab,kw 
#19 MeSH descriptor: [Skin, Artificial] this term only 
#20 (artificial near/2 skin):ti,ab,kw 
#21 ((bio-engineer* or bioengineer*) near/2 skin):ti,ab,kw 
#22 (skin near/2 (replac* or substitut*)):ti,ab,kw 
#23 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 
#24 #7 and #23 in Trials

Ovid MEDLINE

1 exp Diabetic Foot/ 
2 exp Foot Ulcer/ 
3 (diabet* adj3 ulcer*).tw. 
4 (diabet* adj3 (foot or feet)).tw. 
5 (diabet* adj3 wound*).tw. 
6 (diabet* adj3 defect*).tw. 
7 or/1-6 
8 exp Skin Transplantation/ 
9 (skin graft* or pinch graft*).tw. 
10 (split thickness or full thickness).tw. 
11 (allograft* or dermagraft* or apligraf* or autograft* or xenograft*).tw. 
12 exp Tissue Engineering/ 
13 exp Biocompatible Materials/ 
14 exp Tissue Scaffolds/ 
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15 (tissue adj5 (engineer* or bio-engineer* or bioengineer* or scaffold* or replac*)).tw. 
16 exp Keratinocytes/ 
17 exp Cells, Cultured/ 
18 (cultured adj2 keratinocyte*).tw. 
19 Skin, Artificial/ 
20 (artificial adj2 skin).tw. 
21 ((bio-engineer* or bioengineer*) adj2 skin).tw. 
22 (skin adj2 (replac* or substitut*)).tw. 
23 or/8-22 
24 7 and 23 
25 randomized controlled trial.pt. 
26 controlled clinical trial.pt. 
27 randomi?ed.ab. 
28 placebo.ab. 
29 clinical trials as topic.sh. 
30 randomly.ab. 
31 trial.ti. 
32 or/25-31 
33 exp animals/ not humans.sh. 
34 32 not 33 
35 24 and 34

Ovid EMBASE

1 diabetic foot/ 
2 foot ulcer/ 
3 (diabet* adj3 ulcer*).tw. 
4 (diabet* adj3 (foot or feet)).tw. 
5 (diabet* adj3 wound*).tw. 
6 (diabet* adj3 defect*).tw. 
7 or/1-6 (16213) 
8 exp skin transplantation/ 
9 (skin graft* or pinch graft*).tw. 
10 (split thickness or full thickness).tw. 
11 (allograft* or dermagraft* or apligraf* or autograft* or xenograft*).tw. 
12 tissue engineering/ 
13 biomaterial/ 
14 tissue scaffold/ 
15 (tissue adj5 (engineer* or bio-engineer* or bioengineer* or scaffold* or replac*)).tw. 
16 keratinocyte/ 
17 exp cell culture/ 
18 (cultured adj2 keratinocyte*).tw. 
19 artificial skin/ 
20 (artificial adj2 skin).tw. 
21 ((bio-engineer* or bioengineer*) adj2 skin).tw. 
22 (skin adj2 (replac* or substitut*)).tw. 
23 or/8-22 
24 7 and 23 
25 Randomized controlled trials/ 
26 Single-Blind Method/ 
27 Double-Blind Method/ 
28 Crossover Procedure/ 
29 (random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or assign$ or allocat$ or volunteer$).
ti,ab. 
30 (doubl$ adj blind$).ti,ab. 
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31 (singl$ adj blind$).ti,ab. 
32 or/25-31 
33 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or 
nonhuman/ 
34 human/ or human cell/ 
35 and/33-34 
36 33 not 35 
37 32 not 36 
38 24 and 37

EBSCO CINAHL

S36 S23 AND S35 
S35 S24 or S25 or S26 or S27 or S28 or S29 or S30 or S31 or S32 or S33 or S34 
S34 MH “Quantitative Studies” 
S33 TI placebo* or AB placebo* 
S32 MH “Placebos” 
S31 TI random* allocat* or AB random* allocat* 
S30 MH “Random Assignment” 
S29 TI randomi?ed control* trial* or AB randomi?ed control* trial* 
S28 AB ( singl* or doubl* or trebl* or tripl* ) and AB ( blind* or mask* ) 
S27 TI ( singl* or doubl* or trebl* or tripl* ) and TI ( blind* or mask* ) 
S26 TI clinic* N1 trial* or AB clinic* N1 trial* 
S25 PT Clinical trial 
S24 MH “Clinical Trials+” 
S23 S7 AND S22 
S22 S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 
S21 TI ( skin N2 (replac* or substitut*) ) OR AB ( skin N2 (replac* or substitut*) ) 
S20 TI ( (bio-engineer* or bioengineer*) N2 skin ) OR AB ( (bio-engineer* or bioengineer*) N2 skin ) 
S19 TI artificial N2 skin OR AB artificial N2 skin 
S18 (MH “Skin, Artificial”) 
S17 TI cultured N2 keratinocyte* OR AB cultured N2 keratinocyte* 
S16 (MH “Cells, Cultured+”) 
S15 (MH “Keratinocytes”) 
S14 TI ( tissue N5 (engineer* or bio-engineer* or bioengineer* or scaffold* or replac*) ) OR AB ( tissue N5 (engineer* or 
bio-engineer* or bioengineer* or scaffold* or replac*) ) 
S13 (MH “Biocompatible Materials”) 
S12 (MH “Tissue Engineering”) 
S11 TI ( allograft* or dermagraft* or apligraf* or autograft* or xenograft* ) OR AB ( allograft* or dermagraft* or apligraf* or 
autograft* or xenograft* ) 
S10 TI ( split N1 thickness OR full N1 thickness ) OR AB ( split N1 thickness OR full N1 thickness ) 
S9 TI ( skin N1 graft* OR pinch N1 graft* ) OR AB ( skin N1 graft* OR pinch N1 graft* ) 
S8 (MH “Skin Transplantation”) 
S7 S1 OR S2 OR S3 OR S4 OR S5 OR S6 
S6 TI diabet* N3 defect* or AB diabet* N3 defect* 
S5 TI diabet* N3 wound* or AB diabet* N3 wound* 
S4 TI ( diabet* N3 foot OR diabet* N3 feet ) or AB ( diabet* N3 foot OR diabet* N3 feet ) 
S3 TI diabet* N3 ulcer* or AB diabet* N3 ulcer* 
S2 MH “Foot Ulcer+” 
S1 MH “Diabetic Foot”
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APPeNdIx 2. rISK of BIAS

1. random sequence generation (selection bias)
Low risk of bias
The investigators describe a random component in the sequence generation process such as: 
referring to a random number table; using a computer random-number generator; coin tossing; 
shuffling cards or envelopes; throwing dice; drawing of lots.

High risk of bias
The investigators describe a non-random component in the sequence generation process. Usually, 
the description would involve some systematic, non-random approach, for example: sequence 
generated by odd or even date of birth; sequence generated by some rule based on date (or day) 
of admission; sequence generated by some rule based on hospital or clinic record number.

Unclear
Insufficient information about the sequence generation process provided to permit a judgement of 
low or high risk of bias.

2. Allocation concealment (selection bias)
Low risk of bias
Participants and investigators enrolling participants could not foresee assignment because one of 
the following, or an equivalent method, was used to conceal allocation: central allocation (including 
telephone, web-based and pharmacy-controlled randomization); sequentially-numbered drug 
containers of identical appearance; sequentially-numbered, opaque, sealed envelopes.

High risk of bias
Participants or investigators enrolling participants could possibly foresee assignments and thus 
introduce selection bias, such as allocation based on: using an open random allocation schedule 
(e.g. a list of random numbers); assignment envelopes were used without appropriate safeguards 
(e.g. if envelopes were unsealed or non-opaque or not sequentially-numbered); alternation or 
rotation; date of birth; case record number; any other explicitly unconcealed procedure.

Unclear
Insufficient information provided to permit a judgement of low or high risk of bias. This is usually 
the case if the method of concealment is not described or not described in sufficient detail to allow 
a definite judgement, for example if the use of assignment envelopes is described, but it remains 
unclear whether envelopes were sequentially-numbered, opaque and sealed.
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3. Blinding or masking of participants, personnel and outcome assessment (performance 
and detection bias)
Low risk of bias
Any one of the following.

 ‒ No blinding, but the review authors judge that the outcome and the outcome measurement 
are not likely to be influenced by lack of blinding.

 ‒ Blinding of participants and key study personnel ensured, and unlikely that the blinding could 
have been broken.

 ‒ Either participants or some key study personnel were not blinded, but outcome assessment 
was blinded and the non-blinding of others was unlikely to introduce bias.

High risk of bias
Any one of the following.

 ‒ No blinding or incomplete blinding, and the outcome or outcome measurement is likely to be 
influenced by lack of blinding.

 ‒ Blinding of key study participants and personnel attempted, but likely that the blinding could 
have been broken.

 ‒ Either participants or some key study personnel were not blinded, and the non-blinding of 
others was likely to introduce bias.

Unclear
Either of the following.

 ‒ Insufficient information provided to permit a judgement of low or high risk of bias.
 ‒ The study did not address this outcome.

4. Incomplete outcome data
Low risk of bias
Any one of the following.

 ‒ No missing outcome data.
 ‒ Reasons for missing outcome data unlikely to be related to true outcome (for survival data, 

censoring unlikely to be introducing bias).
 ‒ Missing outcome data balanced in numbers across intervention groups, with similar reasons 

for missing data across groups.
 ‒ For dichotomous outcome data, the proportion of missing outcomes compared with observed 

event risk was not enough to have a clinically relevant impact on the intervention effect estimate.
 ‒ For continuous outcome data, plausible effect size (difference in means or standardized 

difference in means) among missing outcomes was not enough to have a clinically relevant 
impact on observed effect size.

 ‒ Missing data have been imputed using appropriate methods.
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High risk of bias
Any one of the following.

 ‒ Reason for missing outcome data likely to be related to true outcome, with either imbalance 
in numbers or reasons for missing data across intervention groups.

 ‒ For dichotomous outcome data, the proportion of missing outcomes compared with observed 
event risk was enough to induce clinically relevant bias in intervention effect estimate.

 ‒ For continuous outcome data, plausible effect size (difference in means or standardised 
difference in means) among missing outcomes was enough to induce clinically relevant bias 
in observed effect size.

 ‒ ‘As-treated’ analysis done with substantial departure of the intervention received from that 
assigned at randomization.

 ‒ Potentially inappropriate application of simple imputation.

Unclear
Either of the following.

 ‒ Insufficient reporting of attrition/exclusions to permit a judgement of low or high risk of bias 
(e.g. number randomized not stated, no reasons for missing data provided).

 ‒ The study did not address this outcome.

5. Selective outcome reporting
Low risk of bias
Either of the following.

 ‒ The study protocol is available and all of the study’s prespecified (primary and secondary) 
outcomes that are of interest in the review have been reported in the prespecified way.

 ‒ The study protocol is not available but it is clear that the published reports include all 
expected outcomes, including those that were prespecified (convincing text of this nature 
may be uncommon).

High risk of bias
Any one of the following.

 ‒ Not all of the study’s prespecified primary outcomes have been reported.
 ‒ One or more primary outcomes are reported using measurements, analysis methods or 

subsets of the data (e.g. subscales) that were not prespecified.
 ‒ One or more reported primary outcomes were not prespecified (unless clear justification for 

their reporting is provided, such as an unexpected adverse effect).
 ‒ One or more outcomes of interest in the review are reported incompletely so that they cannot 

be entered in a meta-analysis.
 ‒ The study report fails to include results for a key outcome that would be expected to have 

been reported for such a study.
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Unclear
Insufficient information provided to permit judgement of low or high risk of bias. It is likely that the 
majority of studies will fall into this category.

6. other sources of potential bias
Low risk of bias
The study appears to be free of other sources of bias.

High risk of bias
There is at least one important risk of bias. For example, the study:

 ‒ Had a potential source of bias related to the specific study design used; or
 ‒ Has been claimed to have been fraudulent; or
 ‒ Had some other problem.

Unclear
There may be a risk of bias, but there is either:

 ‒ Insufficient information to assess whether an important risk of bias exists; or
 ‒ Insufficient rationale or evidence that an identified problem will introduce bias.


