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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To determine the effects of low-level light therapy (LLLT) on the healing of venous leg ulcers.

B A C K G R O U N D

Description of the condition

Venous leg ulcers are chronic, open wounds usually located in

the gaiter area of the lower leg (from below the ankle up to mid-

calf ). These ulcers are caused by insufficiency of the deep or su-

perficial veins, or both. The origin of venous insufficiency can

be failure of valves or venous obstruction, caused by deep venous

thrombosis for example. Venous insufficiency causes ambulatory

venous hypertension, which leads to inflammation of the skin and

ultimately skin breakdown. The exact chain of events from ve-

nous hypertension to venous ulceration is not fully clear, however

several hypotheses have been developed (Coleridge 1988; Falanga

1993). People with venous leg ulcers frequently also have other

comorbidities including arterial insufficiency, rheumatoid arthri-

tis and diabetes (Moffatt 2004). Signs of venous insufficiency in-

clude varicose veins, dermal weeping, stasis dermatitis (swollen,

red, itchy and painful skin), hyperpigmentation (skin darkening)

and subcutaneous fibrosis (development of excess fibrous tissue

under the skin) (Vasudevan 2014). Venous ulcers commonly have

an irregular shape and well-defined borders; they can range in

severity from partial- to full-thickness tissue loss (Nelzén 1994;

Vasudevan 2014).

Global estimates of the point prevalence of leg ulceration range

from 0.12% to 1.8%; they are higher in women than men, and in-

crease with age (Graham 2003). Recently, a cross-sectional study of

the population of Leeds estimated the point prevalence of complex

wounds to be 1.47 per 1000 population. In that survey, venous

leg ulcers were the second most common complex wound with

a point prevalence of 0.29 per 1000 population (Cullum 2016).

The incidence of venous ulceration in the elderly population has

been estimated at 0.76/100 person-years for men, and 1.42/100

person-years for women (Margolis 2002).

The economic burden of complex wounds for the National Health

Service in the UK has not been accurately estimated. In the UK,

more than 9 million wound dressings were prescribed in the com-

munity in 2012, at a cost of 148 million GBP. However, the true

cost of wound care is much greater due to the staff time and the

cost of hospitalisation (the costs of which are much larger than
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the cost of dressings) (Cullum 2016). The cost of managing one

person with a venous leg ulcer in the UK has been estimated to

be approximately 1700 GBP per year at 2012 prices, where the

highest cost component was nursing time (Ashby 2014).

Venous leg ulceration is a chronic condition, characterised by cy-

cles of healing and recurrence with healing times ranging from

weeks to years (Callam 1987). The longer the healing time, the

greater the likelihood of decreased mobility, ankylosis (stiffening)

of the ankle, wound infection and negative impact on quality of

life (Parker 2015). Venous leg ulcers can also be malodorous and

painful (Jones 2008), and are associated with sleep disorders and

emotional distress (Green 2014).

The first-line treatment for venous leg ulcers is compression ther-

apy, in the form of bandages or stockings (O’Meara 2012). Com-

pression coupled with basic wound dressing use has been shown

to heal approximately 68% of venous ulcers within 24 weeks

(Iglesias 2004). More recently, new treatment options have been

developed with the aim of improving these healing rates. New

treatments include advanced wound dressings (O’Meara 2015;

Sopata 2016), venous surgery (Van Gent 2015), bioengineered

tissue (Jones 2013), laser therapy (Zhou 2016), and ultrasound

(Cullum 2017).

Description of the intervention

Low-level light therapy (LLLT), also known as photobiomodu-

lation (PBM), consists of the administration of light in specific

conditions (low power conditions) with the purpose of promoting

tissue repair. For decades, LLLT was regarded as solely associated

with the use of lasers, however other light sources, such as Light

Emitting Diodes (LEDs), are now also regarded as photobiomod-

ulators and are another type of LLLT (Chung 2012; Chaves 2014).

Any device that operates at an output power of less than 1 watt

(W), or delivers treatment energies of less than 10 J/cm2 (Basford

1989; Oltra-Arimon 2004), can be considered to be LLLT.

LLLT can be applied in a variety of ways. In general, the tech-

nique usually involves use of a handheld device, which adminis-

ters a beam of light to a wound surface, without touching it. The

treatment protocol varies according to duration of light applica-

tion and the dose administered. The device can be moved over the

wound in order to treat the whole surface (Mathur 2017). Stan-

dard wound care can be undertaken before and after each session.

’Laser’ or ’Light Amplification by Stimulated Emission of Radia-

tion’ consists of light transmitted via an active medium. Maiman

made the first functional laser in 1960; it had a ruby medium

and a wavelength of 694.3 nm (Maiman 1960). Since then, lasers

have been used widely across the field of medicine, initially in der-

matology and ophthalmology (Götte 2001) with various types of

laser available for use (De Freitas 2016). The active medium am-

plifies the light and can comprise a solid (e.g. neodymium-doped

yttrium aluminium garnet laser - YAG, ruby laser), liquid or dye

(e.g. coumarin, stilbene, rhodamine), gas (e.g. CO2, argon laser,

helium-neon laser), or semiconductor (e.g. diode laser as gallium

arsenide (GaAs), aluminium gallium arsenide (GaAlAs), indium

gallium arsenide (InGaAs), or indium gallium arsenide phosphide

(InGaAsP)). The active medium is placed between two mirrors:

one that reflects completely and another that reflects partially. Elec-

tromagnetic waves move between these two mirrors, which act to

amplify the energy (Kannatey-Asibu 2009).

The fundamentals of laser operation are based on the physical pro-

cesses of stimulated emission, as described by Albert Einstein in

1916 (Einstein 1916). Stimulated emission is the process by which

laser energy is produced (Kannatey-Asibu 2009). This energy can

have many different characteristics, described in terms of power

(usually in watts), energy (usually expressed as watts per second,

or joules) and power density or fluence (measured in J/cm²). Cal-

culation of an exact dose of energy requires an understanding of

the duration of time over which the energy will be administered.

For example, to achieve a power density of 1 J/cm2 and a mean

output power of 0.2 W, the light is applied for 7.7 seconds in a

continuous wave mode, according to the formula: time (s) = (J/

cm2 x spot area)/W. Energy can be applied continuously, in an

alternating mode, or a pulse mode. In continuous mode, an unin-

terrupted flow of energy at a specified energy level occurs while the

laser is active. The alternating mode consists of alternate activation

and deactivation of energy emission (using a shutter). Pulse mode

occurs when energy is emitted at high power for a very short pe-

riod followed by a much longer period of deactivation (Rossmann

1995; Karu 1997; Aoki 2004).

‘NASA LED’ (National Aeronautics and Space Administration

LED) was the first type of LED phototherapy proposed as an al-

ternative to laser therapy (Whelan 2000). In contrast to lasers,

LEDs do not produce amplification of the light energy. Instead,

they consist of a lamp light as a source of energy in the form of a

photon. LEDs can emit visible red and near-infrared wavelengths.

Energy is absorbed by the tissue receptor and produces a photo-

chemical effect.

Healthcare applications of LLLT are generally classified on the ba-

sis of their potency and ability to interact with tissues. LLLT has

characteristics such as biostimulation and can elicit a photochem-

ical effect (i.e. the tissue absorbs light energy in order to produce

a physical or chemical change, or both), making light energy a

potentially suitable wound therapy (Conlan 1996).

How the intervention might work

The potential therapeutic effect of LLLT is based on the principle

that light energy can lead to cell activation. Light (photon) energy

is absorbed by cell molecule photoreceptors called cytochrome C-

oxidase (Cox), also called complex IV, of the mitochondrial respi-

ratory chain. The enzymic change initiates biochemical pathways

which, ultimately, increase cell activity (Karu 2008; Karu 2010).

Other suggested mechanisms of action for LLLT in mediating cel-

lular activity are via the impact of localised transient heating and
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nitric oxide modulation (Karu 2005; Karu 2008; Lane 2006). It

is suggested that increased cellular activity along with associated

cell proliferation could help in the tissue repair and regeneration

process (Lins 2010; De Freitas 2016). Recent research in bone and

connective tissue (Huertas 2014; Illescas-Montes 2017), and hu-

man skin cell Cox activity (Belletti 2015), has further elucidated

the mechanism of action of LLLT.

Why it is important to do this review

Venous leg ulcers represent a serious health problem due to the

complexity of the wound, the impact on people’s quality of life

and the high cost of treatment for health services. Current best

treatments, such as compression, do not heal all venous ulcers and

those that do heal can take weeks or months to heal completely or

may not heal. The PBM effect of LLLT may increase the healing

rates of venous leg ulcers. We have been unable to identify a high-

quality, up-to-date systematic review of the effects of LLLT on

venous leg ulcer healing. We therefore concluded that a rigorous

systematic review is required.

O B J E C T I V E S

To determine the effects of low-level light therapy (LLLT) on the

healing of venous leg ulcers.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include published and unpublished randomised controlled

trials (RCTs), including cluster-RCTs, irrespective of the language

of the report. We will only include cross-over trials if they report

outcome data at the end of the first treatment period and before

cross-over. Studies using quasi-randomisation will be excluded.

Types of participants

We will include RCTs recruiting people of any age with one or

more venous leg ulcers, managed in any care setting. There will

be no restrictions on trials due to participant age or the infection

status of participants’ wounds at baseline. We anticipate that the

method of diagnosing venous leg ulceration may vary, so we will

accept the definitions used by study authors.

Where studies enrol participants with other types of wounds (e.g.

arterial leg ulcers, pressure ulcers, foot ulcers) as well as those

with venous leg ulcers, we will include the study if the trial had a

randomisation process that stratified based on wound type and the

results for people with venous leg ulcers are presented separately.

Where this is not the case we will only include the study if fewer

than 25% of the participants have wounds other than venous leg

ulcers.

Types of interventions

The primary intervention of interest is low-level light therapy

(LLLT), including any device that operates at an output power less

than 1 watt or power density less than 10 J/cm2. We will include

any RCT in which LLLT during the treatment period is the only

systematic difference between intervention groups.

Eligible comparisons are as follows:

• LLLT versus no LLLT (in the form of usual care);

• LLLT versus sham LLLT;

• Different types of LLLT compared with each other;

• LLLT versus other alternative treatments.

Types of outcome measures

We list primary and secondary outcomes below. If a study is oth-

erwise eligible (i.e. correct study design, population and interven-

tion/comparator) but does not report a listed outcome, then we

will contact the study authors where possible to establish whether

an outcome of interest here was measured but not reported.

We will report outcomes at the latest time point available (assumed

to be length of follow-up if not specified) and the time point

specified in the methods as being of primary interest (if this is

different from the latest time point available).

It is relevant to take time into account in the reporting of outcome

measures. For all outcomes (primary and secondary) we will cate-

gorise assessment of outcome measures as:

• short term: up to and including eight weeks;

• medium term: more than eight weeks to up to and

including 26 weeks;

• long term: more than 26 weeks.

Primary outcomes

The primary outcomes for this review are complete wound healing

and adverse events.

• Complete wound healing

For this review, we will regard the following as providing the most

relevant and rigorous measures of this outcome:

◦ time to complete ulcer healing. We will record if this

has been correctly analysed using censored data and with

adjustment for prognostic covariates such as baseline size;

◦ the proportion of people with ulcers completely healed

(frequency of complete healing).
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Where both of the outcomes above are reported we will present

all data in a summary outcome table for reference, but will focus

on reporting time to healing where it has been correctly analysed.

We will accept authors’ definitions of what constituted a healed

wound.

• Adverse events

We will report events defined and grouped together as ’adverse

events’ by studies, where a clear methodology for the collection

of adverse event data is provided. This methodology should make

it clear whether: 1) events were reported at the participant level;

or 2) if multiple events per person were reported. We anticipate

that adverse events for LLLT will include wound infection, tissue

deterioration, maceration (softening and breakdown) and pruritus

(itching), which are similar to those for conventional treatments.

Secondary outcomes

Secondary outcomes are participant health-related quality of life,

change in ulcer size, pain, wound infection and cost.

• Participant health-related quality of life

We will extract and analyse data on health-related quality of life

where it has been measured using a standardised scale, such as the

SF-36, SF-12, SF-6 or EQ-5D, or a validated disease-specific ques-

tionnaire such as the Cardiff Wound Impact Schedule (Guarnera

2007; Launois 2015). We will not include measures of quality of

life that are unlikely to be validated and would not be common to

multiple trials.

• Change in ulcer size

If there are no ulcer healing data for a particular comparison, we

will consider using data on the change (and percentage change) in

ulcer size, with adjustment for baseline size (we will contact study

authors to request adjusted means when not presented). Where

change in ulcer size is reported without adjustment for baseline

size, use of the outcome in the study will be documented, but data

will not be extracted, summarised or used in any meta-analysis.

• Pain

We will include pain scores only where they are reported either as

presence or absence of pain during the care process, or as a con-

tinuous outcome using a validated scale such as a visual analogue

scale (VAS) (Guarnera 2007).

• Wound infection

We will note whether wounds were infected at baseline and report,

where possible, a resolution (or not) of the infection (efficacy) or

incidence of infection (adverse events), or both.

• Cost

Mean costs associated with resource use and estimates of cost-

effectiveness.

Search methods for identification of studies

Electronic searches

We will search the following electronic databases to retrieve reports

of relevant clinical trials:

• Cochrane Wounds Group Specialised Register;

• Cochrane Central Register of Controlled Trials

(CENTRAL) (the Cochrane Library, latest issue);

• Ovid MEDLINE (from 1946 onwards);

• Ovid MEDLINE (In-Process & Other Non-Indexed

Citations);

• Ovid Embase (from 1974 onwards);

• EBSCO CINAHL Plus (Cumulative Index to Nursing and

Allied Health Literature; from 1937 onwards).

We have devised a draft search strategy for CENTRAL which is

presented in Appendix 1. We will adapt this strategy to search

Ovid MEDLINE, Ovid Embase and EBSCO CINAHL Plus.

We will combine the Ovid MEDLINE search with the Cochrane

Highly Sensitive Search Strategy for identifying randomised tri-

als in MEDLINE: sensitivity- and precision-maximising version

(2008 revision) (Lefebvre 2011). We will combine the Embase

search with the Ovid Embase filter developed by the UK Cochrane

Centre (Lefebvre 2011). We will combine the CINAHL Plus

search with the trial filters developed by the Scottish Intercollegiate

Guidelines Network (SIGN 2018). There will be no restrictions

with respect to language, date of publication or study setting.

We will also search the following clinical trials registries:

• ClinicalTrials.gov (www.clinicaltrials.gov);

• World Health Organization (WHO) International Clinical

Trials Registry Platform (www.who.int/trialsearch);

• EU Clinical Trials Register (www.clinicaltrialsregister.eu/

ctr-search/search).

Searching other resources

We aim to identify other potentially eligible trials or ancillary

publications by searching the reference lists of retrieved included

trials as well as relevant systematic reviews, meta-analyses, and

health-technology assessment reports.

Data collection and analysis

Selection of studies

Two review authors will independently assess the titles and ab-

stracts of the citations retrieved by the searches for relevance. After

this initial assessment, we will obtain full-text copies of all stud-

ies considered to be potentially relevant. Two review authors will

independently check the full papers for eligibility; disagreements
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will be resolved by discussion and, where required, the input of a

third review author. Where required and possible, we will contact

study authors where the eligibility of a study is unclear. We will

record all reasons for exclusion of studies for which we had ob-

tained full copies. We will complete a PRISMA (Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses) flowchart to

summarise this process (Liberati 2009).

Where studies have been reported in multiple publications/re-

ports, we will obtain all publications. Whilst we will include the

study only once in the review, we will extract data from all reports

to ensure maximal relevant data are obtained.

Data extraction and management

We will extract and summarise details of eligible studies using a

data extraction sheet. Two review authors will extract data inde-

pendently and will resolve disagreements by discussion, consulting

a third review author where required. Where data are missing from

reports, we will attempt to contact the study authors to obtain

this information. Where a study with more than two intervention

arms is included, we will only extract data from intervention and

control groups that meet the eligibility criteria.

We will extract the following data:

• country in which the study was conducted;

• unit of randomisation: cluster, participant, wounds (for

split-site or split-body study), leg;

• trial design, e.g. parallel, cluster, ulcer randomisation, cross-

over trials with first period results;

• publication status of study;

• source of funding;

• care setting;

• number of participants randomised to each trial arm;

• inclusion and exclusion criteria;

• population baseline characteristics:

◦ age

◦ sex

◦ duration of venous leg ulcer

◦ ulcer area at baseline

◦ proportion of patients with infected ulcers at baseline;

• treatment received by each group:

◦ details of treatment regimen (e.g. wavelength and type

of device)

◦ protocol of treatment delivery (e.g. dose, frequency)

◦ details of any co-interventions

◦ duration of treatment

◦ duration of follow-up

• unit of analysis and details of analysis;

• outcome data for primary and secondary outcomes (by

group);

• number of withdrawals per group and reasons for

withdrawal.

Assessment of risk of bias in included studies

Two review authors will independently assess included studies us-

ing the Cochrane tool for assessing risk of bias (Higgins 2011a).

This tool addresses seven specific domains: random sequence gen-

eration (selection bias), allocation concealment (selection bias),

blinding of participants and personnel (performance bias), blind-

ing of outcome assessment (detection bias), incomplete outcome

data (attrition bias), selective outcome reporting bias and other

issues leading to bias (e.g. unit of analysis issues).

We will assess blinding and completeness of outcome data for

each of the review outcomes separately. We note that, since wound

healing is a subjective outcome, it can be at high risk of detection

bias when outcome assessment is not blinded. For blinding of par-

ticipants and personnel (performance bias), use of sham LLLT is

likely to lead to a low risk of bias assessment if it blinds those giving

and receiving treatment. For open studies, where participants and

personnel will have knowledge of treatment received, any poten-

tial differences in care pathways between groups that might lead

to bias will be considered. We will present our assessment of risk

of bias using two ’Risk of bias’ summary figures; one which is a

summary of bias for each item across all studies, and the second

of which shows a cross-tabulation of each trial by all of the ’Risk

of bias’ items. We will class studies as being at overall high risk of

bias if they are rated at ’high risk’ for any of the domains.

We will class studies at low risk of bias if they are judged to be at

low risk of selection, detection and attrition bias (with no domains

at high risk of bias).

Measures of treatment effect

Time-to-event data (e.g. time to complete wound healing) will be

reported as hazard ratios (HR) where possible in accordance with

the methods described in the Cochrane Handbook for Systematic
Reviews of Interventions (Deeks 2011). If studies reporting time-

to-event data (e.g. time to healing) do not report a hazard ratio,

then, where feasible, we plan to estimate this using other reported

outcomes, such as the numbers of events, through the application

of available statistical methods (Parmar 1998). We will only con-

sider mean or median time to healing without survival analysis as

a valid outcome if reports specify that all wounds healed (i.e. if the

trial authors regarded time to healing as a continuous measure as

there is no censoring).

For dichotomous outcomes we will calculate the risk ratio (RR)

with 95% confidence intervals (CIs). For continuous outcome

data we will use the mean difference (MD) with 95% CIs.

Unit of analysis issues

Where studies randomise at the participant level and measure out-

comes at the wound level, e.g. wound healing, we will treat the

participant as the unit of analysis when the number of wounds as-

sessed appears equal to the number of participants (e.g. one wound

per person).
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Particular unit of analysis issues in wound care trials can occur

when studies randomise at the participant level and then use the

allocated treatment on multiple wounds per participant, and then

analyse outcomes per wound, not person. This is a type of clus-

tered data and presents a unit of analysis error that inflates pre-

cision. In cases where included studies contained some or only

clustered data, we plan to report this alongside whether data had

been (incorrectly) treated as independent. We will record this as

part of the ’Risk of bias’ assessment. We do not plan to undertake

further calculation to adjust for clustering where it has not been

considered in the study.

Dealing with missing data

It is common for there to be data missing from trial reports. Ex-

cluding participants from the analysis after randomisation, or ig-

noring those participants who are lost to follow-up, compromises

the randomisation and potentially introduces bias into the trial.

Where there are missing data we think should be included in

the analyses, we will contact the relevant study authors to request

whether these data are available.

Where data remain missing for the ’proportion of wounds healed’

outcome, for analysis we will assume that if randomised partici-

pants were not included in an analysis, their wound did not heal

(i.e. they would be considered in the denominator but not the

numerator).

In a time-to-healing analysis using survival analysis methods, drop-

outs should be accounted for as censored data, so no action re-

garding missing data will be taken.

For continuous variables, e.g. length of hospital stay, and for all

secondary outcomes, we will present available data from the study

reports/study authors and do not plan to impute missing data.

Where measures of variance are missing we will calculate these

wherever possible (Higgins 2011b). If calculation is not possible we

will contact the study authors. Where these measures of variance

are not available, we will exclude the study from any relevant meta-

analyses that are conducted.

Assessment of heterogeneity

Assessment of heterogeneity can be a complex, multi-faceted pro-

cess. Firstly, we will consider clinical and methodological het-

erogeneity: that is the degree to which the included studies vary

in terms of participant, intervention, outcome and characteris-

tics such as length of follow-up. This assessment of clinical and

methodological heterogeneity will be supplemented by informa-

tion regarding statistical heterogeneity, assessed using the Chi² test

(a significance level of P < 0.10 will be considered to indicate

statistically significant heterogeneity) in conjunction with the I²

measure (Higgins 2003). I² examines the percentage of total vari-

ation across RCTs that is due to heterogeneity rather than chance

(Higgins 2003). In general, I² values of 25% or less may mean

a low level of heterogeneity (Higgins 2003), and values of more

than 75% indicate very high heterogeneity (Deeks 2011). Where

there is evidence of high heterogeneity we will attempt to explore

this further: see Data synthesis.

Assessment of reporting biases

Reporting biases arise when the dissemination of research findings

is influenced by the nature and direction of results. Publication bias

is one of a number of possible causes of ’small study effects’, that

is, a tendency for estimates of the intervention effect to be more

beneficial in smaller RCTs. Funnel plots allow a visual assessment

of whether small study effects may be present in a meta-analysis.

A funnel plot is a simple scatter plot of the intervention effect

estimates from individual RCTs against some measure of each

trial’s size or precision (Sterne 2011). We plan to present funnel

plots for meta-analyses comprising 10 or more RCTs using Review

Manager 5 (Review Manager 2014).

Data synthesis

We will combine details of included studies in a narrative review

according to type of comparator, possibly by intervention, and

then by outcomes by time point.

Clinical and methodological heterogeneity will be considered and

pooling undertaken when studies appear appropriately similar in

terms of intervention type, duration of follow-up and outcome

type.

We are unable to pre specify the amount of clinical, methodolog-

ical and statistical heterogeneity in the included studies, but it

might be extensive. Thus, we anticipate using a random-effects ap-

proach for meta-analysis. Conducting meta-analysis with a fixed-

effect model in the presence of even minor heterogeneity may pro-

vide overly narrow confidence intervals. We will only use a fixed-

effect approach when clinical and methodological heterogeneity

is assessed to be minimal, and the assumption that a single under-

lying treatment effect is being estimated holds. We will use Chi
2 and I2 to quantify heterogeneity but this will not guide choice

of model for meta-analysis. We will exercise caution when meta-

analysed data are at risk of small study effects because a random-

effects model may be unsuitable. In this case, or where there are

other reasons to question the selection of a fixed-effect or random-

effects model, we will assess the impact of the approach using sen-

sitivity analyses to compare results from alternate models. We will

report any evidence that suggests that use of a particular model

might not be robust. We may meta-analyse even when there is

thought to be extensive heterogeneity (Deeks 2011). We will at-

tempt to explore the causes behind this using meta-regression for

that purpose, if possible (Thompson 1999).

We will present data using forest plots where possible. For dichoto-

mous outcomes we will present the summary estimate as a risk ra-

tio (RR) with 95% CI. Where continuous outcomes are measured
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in the same way across studies, we plan to present a pooled mean

difference (MD) with 95% CI. If trials use different assessment

scales, we will use the standardised mean difference (SMD) with

95% CIs. For interpretation, SMDs will be converted to the MD

using an appropriate scale. For time-to-event data, we plan to plot

(and, if appropriate, pool) estimates of hazard ratios and 95% CIs

as presented in the study reports using the generic inverse variance

method in Review Manager 5. Where time to healing is analysed

as a continuous measure but it is not clear if all wounds healed,

use of the outcome in the study will be documented but data will

not be summarised or used in any meta-analysis.

Pooled estimates of treatment effect will be obtained using Review

Manager 5 software (Review Manager 2014).

’Summary of findings’ tables and assessment of the

quality of the evidence using the GRADE approach

We will present the main results of the 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 (Schünemann 2011a). The ’Summary of findings’

tables also include an overall grading of the evidence related to

each of the main outcomes using the GRADE (Grades of Recom-

mendation, 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 (Schünemann 2011b). We will present the following primary

outcomes in the ’Summary of findings’ tables:

• time to complete healing;

• proportion of peopled with ulcers completely healed;

• adverse events.

For relevant outcomes reported for comparisons not listed above

we will present GRADE assessments narratively within the Results

section, without a ’Summary of findings’ table.

In terms of the GRADE assessment, when making decisions for

the ’Risk of bias’ domain, we will consider downgrading only when

studies are classed as having high risk of bias for one or more do-

mains. We will not downgrade for unclear risk of bias assessments.

In assessing the precision of effect estimates, we will also follow

GRADE guidance (GRADE 2013); we will assess the size of con-

fidence intervals, downgrading twice for imprecision when there

are very few events and CIs around effects include both apprecia-

ble benefit and appreciable harm.

Subgroup analysis and investigation of heterogeneity

We plan to perform subgroup analyses to explore the effect de-

pending on the type of light source, except in cases where the

subgroup consists of a single study. We will explore differences in

the response of three possible types of intervention: laser therapy;

LED phototherapy; and laser therapy combined with LED pho-

totherapy.

Sensitivity analysis

Where possible we will repeat meta-analyses with studies removed

if they are considered to be at high risk of bias, with the aim of

trying to explain and explore heterogeneity.

Elements of this Methods section are based on the standard

Cochrane Wounds protocol template.
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A P P E N D I C E S

Appendix 1. The Cochrane Central Register of Controlled Trials (CENTRAL) draft search strategy

#1 MeSH descriptor: [Leg Ulcer] explode all trees

#2 ((varicose next ulcer*) or (venous near/2 ulcer*) or (leg next ulcer*) or (stasis next ulcer*) or (crural next ulcer*) or “ulcus cruris” or

“ulcer cruris” or ((lower next extremit*) near/2 ulcer*)):ti,ab,kw

#3 #1 or #2

#4 MeSH descriptor: [Laser Therapy] explode all trees

#5 MeSH descriptor: [Low-Level Light Therapy] explode all trees

#6 MeSH descriptor: [Phototherapy] explode all trees

#7 MeSH descriptor: [Infrared Rays] explode all trees

#8 MeSH descriptor: [Lasers] explode all trees

#9 (LLLT):ti,ab,kw

#10 (LEPT):ti,ab,kw

#11 (LPLT):ti,ab,kw

#12 ((laser* or light* or photo* or UV or ultraviolet* or ultra-violet* or monochromatic or infrared or near-infrared) near/3 therap*):

ti,ab,kw
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#13 ((laser* or light* or photo* or UV or ultraviolet* or ultra-violet* or monochromatic or infrared or near-infrared) near/3 irradiat*):

ti,ab,kw

#14 ((laser* or light* or photo* or UV or ultraviolet* or ultra-violet* or monochromatic or infrared or near-infrared) near/3 biostimulat*):

ti,ab,kw

#15 ((laser* or light* or photo* or UV or ultraviolet* or ultra-violet* or monochromatic or infrared or near-infrared) near/3 stimulat*):

ti,ab,kw

#16 (low* near/3 laser*):ti,ab,kw

#17 (phototherap* or photo-therap*):ti,ab,kw

#18 (photobiomodulation or photo-biomodulation or photobiotherap* or photo-biotherap*):ti,ab,kw

#19 (photobiostimulat* or photo-biostimulat*):ti,ab,kw

#20 LED?:ti,ab,kw

#21 (light-emitting diode* or light emitting diode*):ti,ab,kw

#22 ((diode near/3 laser*) or (photodiode*) or (photo-diode*)):ti,ab,kw

#23 ((helium next neon) or (helium-neon) or HeNe or He-Ne):ti,ab,kw

#24 ((gallium next arsenide) or (gallium-arsenide) or GaAs or Ga-As):ti,ab,kw

#25 ((gallium next alumin*) or (gallium-alumin*) or GaAIAs):ti,ab,kw

#26 ((gallium near/2 indium) or (gallium-indium) or (indium-gallium) or InGaAs or InGaAsP):ti,ab,kw

#27 ((neodynium next doped) or (neodynium-doped) or Nd-YAG or NdYAG or Nd YAG):ti,ab,kw

#28 #4 or #5 or #6 or #7 or #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 or

#23 or #24 or #25 or #26 or #27

#29 #3 and #28
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