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Abstract

Our purpose was to perform a meta-analysis to evaluate the effect of Low-level

laser therapy (LLLT) on diabetic foot ulcers (DFUs). The PubMed, Cochrane,

Embase, Web of Science, Chinese BioMedical Literature Database (CBM),

China National Knowledge Infrastructure (CNKI), VIP and Wanfang data-

bases were searched systematically up to August 27, 2020. Studies that met the

inclusion criteria were included in the analysis. A total of 13 randomised con-

trolled trials (RCTs) and 413 patients were analysed. Compared with the con-

trol group, LLLT significantly increased the complete healing rate (risk ratio

[RR] = 2.10, 95% confidence interval [CI] 1.56-2.83, P < .00001), reduced the

ulcer area (standardised mean difference [SMD] = 3.52, 95% CI 1.65-5.38,

P = .0002), and shortened the mean healing time (SMD = −1.40, 95% CI −1.90
to −0.91, P < .00001) of patients with DFUs. The quality of the evidence was

very low according to the GRADE system. LLLT is a promising and effective

adjuvant treatment to accelerate the healing of DFUs. Further evidence from

larger samples and higher quality RCTs is needed to prove the effect of LLLT

and to determine the most appropriate parameters for the healing of DFUs.

KEYWORD S

diabetic foot ulcer, low-level laser therapy, meta-analysis, randomised control trials

1 | INTRODUCTION

DFU is one of the major complications of diabetes,
which is a destructive factor in diabetes progression. It

has been estimated that the lifetime risk of patients with
diabetes developing a foot ulcer may be as high as 25%.1

Chronic nonhealing ulcers are an advanced indication
of infection and amputation,2 bringing a great economic
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burden to patients,3 and dramatically impacting the
quality of life of patients.4 Patients with DFUs are nearly
2.5 times more likely to die than patients with diabetes
without DFUs.5 The five-year mortality rate in patients
with DFUs has previously been shown to be more
than 40%.5,6

Despite the high prevalence and great burden of
DFUs, the current treatment strategies for DFUs are not
very satisfactory. It is estimated that 7% to 20% of patients
with DFUs will subsequently need an amputation after
standard care treatment.7,8 Even with a multidisciplinary
approach, including glycemic control, daily local care,
foot offloading, antibiotic therapy, and surgical revascu-
larization, chronic DFUs require a long time to heal
completely.9 Ulcer healing requires good integration of
the complex biological and molecular events of cell
migration, cell proliferation, and extracellular matrix
deposition.10,11 In this context, the tissue repair process
has been the focus of many studies looking for therapeu-
tic treatments that can increase the speed of ulcer
healing.12 Some adjuvant therapies have emerged,13 such
as epidermal growth factor,14 hyperbaric oxygen
therapy,15 negative-pressure wound therapy,16 and
LLLT.12 Among them, LLLT has high potential as a non-
invasive and nonpharmacological therapy for the treat-
ment of DFUs.

LLLT often includes wavelengths between 500 and
1100 nm and involves the delivery of 1–4 J/cm2 to
treatment sites with lasers having output powers
between 10 and 90 mW.17 LLLT is known to directly
provide biological stimulation with light energy to
body cells, thereby promoting cell function and tissue
repair.18 The absorbed laser energy stimulates the mol-
ecules and atoms of cells without a significant tissue
temperature increase.19,20 In 1968, Mester unexpect-
edly found that the laser could promote hair growth in
mice21; then, he continued the clinical study of LLLT
on skin ulcers and found that LLLT had potential ben-
efits for ulcer healing.22,23 In recent years, cell studies
have indicated that LLLT may moderate the adverse
effects of hyperglycemia on vascular endothelial cells
and lead to a reduction in TNF-α concentration and
enhancement of fibroblast proliferation.24,25 Animal
studies have indicated that LLLT can accelerate cuta-
neous wound healing,26 even if a single laser treat-
ment is performed.27 Some clinical trials indicated
that LLLT can accelerate the tissue repair process of
DFUs.12,28

Considering the acceptability, availability, and neg-
ligible adverse effects, the effect of LLLT on DFUs has
caught the attention of researchers. The sample size
of previous independent studies was limited and not

sufficiently representative. Furthermore, through the
search strategy we used, we found three systematic
reviews related to LLLT treatment of DFUs.29-31 How-
ever, these reviews performed a meta-analysis of a lim-
ited number of studies or did not apply meta-analysis
methods. These studies also did not evaluate the qual-
ity of the evidence. Therefore, more comprehensive
studies are needed to determine the efficacy of LLLT
on DFUs. In this paper, we conducted a meta-analysis
of randomised controlled trials to estimate the treat-
ment efficacy of LLLT for DFU based on currently
available RCTs.

2 | MATERIALS AND METHODS

The present study was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.32 This study was
registered at https://www.crd.york.ac.uk/prospero/ (reg-
istration number: CRD42020220496).

2.1 | Inclusion criteria

Eligible studies had to meet the following criteria.

1. RCTs that explored the effect of LLLT on DFUs.
2. LLLT was compared with traditional treatment or

placebo.
3. The study provided available results about DFU

healing.

Key Messages

• this study conducted a meta-analysis of ran-
domized controlled trials to evaluate the effect
of low-level laser therapy (LLLT) on diabetic
foot ulcers (DFUs)

• the results showed that LLLT could signifi-
cantly increased the complete healing rate,
reduced the ulcer area and shortened the mean
healing time

• based on GRADE system, the quality of the
evidence was very low

• larger scale and higher quality studies are
needed to confirm the efficacy and optimal
parameters of LLLT on DFUs
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2.2 | Exclusion criteria

Studies were excluded if they met either one of the fol-
lowing criteria.

1. Studies reporting the same sample; in this case, the
most recent and most complete paper was chosen.

2. Studies that were not RCTs (i.e., review articles, edito-
rials, case reports, or case series); studies that were
not human studies (i.e., vitro or animal).

2.3 | Literature search

A systematic review was conducted on August 27, 2020
by searching eight databases, namely, PubMed,
Cochrane, Embase, Web of Science, CBM, CNKI, VIP
and Wanfang. The search terms are as follows: “diabetic
ulcer”, “diabetic foot”, “diabetic foot ulcer”, “foot ulcer”
and “low-level light therapy”, “low-level laser therapy”,
“LLLT”, “phototherapy”, and “laser”. There were no lan-
guage restrictions. References from these relevant studies
were also reviewed to identify additional studies.

2.4 | Data extraction

Data relating to the effects of LLLT on DFUs were
extracted using a predetermined form and checked by
the second author (HJ and CJQ). Discrepancies in the
extracted data were settled by discussion among three
authors (HJ, CJQ, and XSY). The authors extracted
the following information from each included study: the
first author's name, year, country, study design, demo-
graphic information, sample size, duration of diabetes,
inclusion criteria, characteristics of the ulcers, LLLT
parameters, treatment time, outcomes of treatment
(i.e., complete healing rate, ulcer area reduction percent-
age and mean healing time), and adverse events.

2.5 | Assessment of risk of bias and
strength of evidence

Risk of bias in each of the included studies was assessed
according to the Cochrane Handbook for Systematic
Reviews of Interventions.33 Each study was assessed for
the following six aspects: randomization generation,
allocation concealment, blindness of participants and
personnel, blindness of outcome assessment, incom-
plete outcome data, and selective reporting. The results
of the risk of bias assessment were pooled into the
Review Manager statistical software package (version

5.3), and a “risk of bias summary” figure was generated.
Further, the quality of the evidence was judged to be
high, moderate, low or very low according to the Grad-
ing of Recommendations, Assessment, Development
and Evaluations (GRADE) system, based on the risk of
bias, inconsistency, indirectness, imprecision, and pub-
lication bias (GRADEpro/GDT, https://gdt.gradepro.
org/).34 The assessment was conducted independently
by two authors (HJ and CJQ). Different opinions were
settled by discussion among three authors (HJ, CJQ,
and XSY).

2.6 | Statistical analysis

RRs and 95% CIs were calculated for dichotomous data.
Because of the difference in the parameters of the laser in
the included studies, SMD and 95% CI were calculated
for continuous data. The SMD and RR were tested by
Z statistic, and a two-tailed P < .05 was considered statis-
tically significant. Heterogeneity among the included
studies was quantified by calculating the Q and I2 statis-
tics. For the Q statistic, P < .10 was considered to indicate
statistical heterogeneity. For I2 statistics, 0% to 24% = no
heterogeneity; 25% to 49% = moderate heterogeneity;
50% to 74% = large heterogeneity; and 75% to
100% = extreme heterogeneity. If a χ2 statistic had a
P < .1035 or an I2 statistic >50%,36 the heterogeneity
between studies was considered statistically significant.
In this case, we used the random-effects model. Other-
wise, we used the fixed-effects model. Because of the het-
erogeneity of the percentage reduction in ulcer area, we
conducted subgroup analyses to determine the reason for
the heterogeneity, which were based on the control
groups' intervention, sample size, Wagner grade and
treatment time. Sensitivity analysis was performed based
on the leave-one-out approach. Funnel plots and Egger's
test were applied to assess any potential publication
bias.37 We also used trim-and-fill analysis to assess sensi-
tivity and the impact of heterogeneity. The statistical ana-
lyses were performed in the Review Manager statistical
software package (version 5.3) and STATA statistical soft-
ware package (version 15.1).

3 | RESULTS

3.1 | Search results

A preliminary search of the databases identified 1461
records. After 436 duplicates were removed, we manually
searched nine articles through other sources. The titles
and abstracts were screened for a total of 1034 records;
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889 studies were subsequently excluded. A total of
145 studies were submitted to full-text screening. Finally,
13 studies that met our criteria were identified. The liter-
ature selection process is shown in Figure 1. PubMed sea-
rch process is shown in Table S1.

3.2 | Study characteristics

The year of publication range from 2002 to 2018. In these
13 RCTs, there were 227 patients in the intervention
groups and 186 patients in the control groups. Most stud-
ies recruited a higher proportion of males than females,
except for one study38 that had a slightly higher propor-
tion of females, and we did not obtain sex information in
the three studies.12,39,40 Among the 13 studies, the inter-
ventions in the control groups of nine studies12,28,38,41-46

were traditional treatments, and the remaining four
studies11,39,40,47 used placebos. The placebo in the two stud-
ies11,39 was sham irradiation, and the placebo in the other
two studies was nontherapeutic11,47 and lower-energy40

light. There were five studies on type 2 diabe-
tes.11,28,40,43,45 The duration of ulcers ranged from 1 week
to 95 months, and the severity of DFUs ranged from
Wagner I to Wagner III. The follow-up time varied from
15 days to 20 weeks. The wavelength of LLLT in the
included studies ranged from 400 to 904 nm. There were
three groups in one study38; in addition to the control
group, there was also the high voltage group and the
LLLT group. The characteristics of the 13 included stud-
ies are shown in Tables 1 and 2.

3.3 | Risk of bias assessment

Among the 13 included studies, five42-46 RCTs did not
report the method of generating random sequences,
nine11,12,28,40,42-46 studies offered no information on allo-
cation concealment, and four11,39,40,47 studies were
double-blind. One study39 was unable to judge whether
patients were lost to follow-up because of incomplete
information, and this study was recorded as having an
unclear attrition bias. Another study's46 baseline data
were not reported in detail, and this study was recorded
as having an unclear bias. The results of the risk of bias
assessment are shown in Figure 2.

3.4 | Meta-analysis results

3.4.1 | Complete healing rate

Nine studies provided data on the complete healing rate
of patients with DFUs. No heterogeneity was found
after pooling the data from these nine studies
(χ2 = 8.52, degrees of freedom [df] = 8, P = .38,
I2 = 6%); thus, the fixed-effects model was used for anal-
ysis. Compared with the control group, LLLT signifi-
cantly increased the complete healing rate of patients
with DFUs (RR = 2.10, 95% CI 1.56-2.83, P < .00001).
The forest plot of the complete healing rate is shown in
Figure 3. The stability of the results was tested by sensi-
tivity analysis. We deleted each study one by one; this
analysis showed that the results of our meta-analysis
were not significantly unstable. The sensitivity analysis
results are shown in Table S2.

3.4.2 | Ulcer area reduction percentage

Five studies provided data on the ulcer area reduction
percentage in patients with DFUs. Heterogeneity
between the included studies was high (χ2 = 52.13,
df = 4, P < .00001, I2 = 92%), so a random-effects model

FIGURE 1 Flow diagram for the selection of studies for

systematic review
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was used for analysis. Compared with the control group,
LLLT significantly reduced the ulcer area of patients with
DFUs (SMD = 3.52, 95% CI 1.65-5.38, P = .0002). The for-
est plot of the ulcer area reduction percentage is shown
in Figure 4. The analysis of each subgroup did not signifi-
cantly reduce heterogeneity. The placebo subgroup
showed an opposite result that the P-value changed from
<.05 to >.05. The results of the subgroup analysis are
shown in Table S3; forest plots of subgroup analyses are
shown in Figures S1 to S4. Then, a sensitivity analysis
was performed to evaluate the impact of a single study on
the results. The analysis showed that no study signifi-
cantly changed the advantages of LLLT or significantly

reduced the heterogeneity. The sensitivity analysis results
are shown in Table S4.

3.4.3 | Mean healing time

Two studies reported the mean healing time of patients
with DFUs. No heterogeneity was found after pooling the
data (χ2 = 0.30, df = 1, P = .58, I2 = 0%); therefore, the
fixed-effects model was used for analysis. Compared with
the control group, LLLT significantly decreased the mean
healing time of patients with DFUs (SMD = −1.40, 95%
CI −1.90 to −0.91, P < .00001). The forest plot of the
mean healing time is shown in Figure 5.

3.5 | Strength of evidence and
publication bias assessment

According to the GRADE system, quality of the evidence
was considered “very low” because of the imperfect study
design, small sample size, significant heterogeneity, and
potential publication bias. The results are summarised in
Table 3. For the complete healing rate, the funnel plot
was mildly asymmetric (Figure 6), and the Egger's test
showed that there may be publication bias (P = .012).
Regarding the ulcer area reduction percentage, the fun-
nel plot was also mildly asymmetric (Figure S5), whereas
Egger's test showed no significant publication bias
(P = .316). Then, we performed a trim-and-fill analysis to
evaluate the impact of publication bias on these results.
The results showed that the combined effect size after
trim-and-fill did not change significantly, indicating that
publication bias had little effect on the results and that
the meta-analysis results had good authenticity. How-
ever, publication bias is inevitable because of the small
number of included studies. Funnel plots after trim-and-
fill are shown in Figures S6 and S7.

4 | DISCUSSION

This meta-analysis demonstrated that LLLT signifi-
cantly improved the complete healing rate, reduced the
areas of the ulcers, and shortened the mean healing
time in patients with DFUs compared with the control
group. Egger's test and trim-and-fill analysis showed
that the potential risk of publication bias was low, and
sensitivity analysis suggested the reliability of the
results. To the best of our knowledge, this is currently
the largest sample size, the only research that has eval-
uated the quality of evidence and has a rigorous evalua-
tion process.

FIGURE 2 Risk of bias summary. Green: low risk of bias; Red:

high risk of bias; Yellow: unclear risk of bias
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The main considerations of the mechanism of LLLT
in the treatment of DFU as following. Collagen I is a
major protein in the extracellular matrix that constitutes
most of the connective tissue during wound healing.48,49

However, diabetes can cause fibroblast proliferation dis-
orders and impaired collagen synthesis.50 An in vitro
study found that LLLT could increase cell viability, cell
migration, proliferation, and collagen synthesis.51 LLLT
induces macrophages to release factors that stimulate
fibroblast proliferation.52 In addition, LLLT can promote
the production of interleukin-1 alpha (IL-1α) and

interleukin-8 (IL-8), which can stimulate the migration
of keratinocytes.53 LLLT also increases the expression of
platelet-derived growth factor (PDGF) and transforming
growth factor-β (TGF-β).54 PDGF stimulates mitogenicity
and chemotaxis of fibroblasts and smooth muscle cells
and chemotaxis of neutrophils and macrophages,55

playing a role in wound healing. Wound healing is a
complex process, and TGF-β has been shown to regulate
these different steps by acting on multiple cell types and
to promote the wound healing process in the body.56

Moreover, LLLT leads to a reduction in tumour necrosis

FIGURE 4 Forest plot of LLLT vs control for ulcer area reduction percentage. Compared with the control group, LLLT significantly

reduced the ulcer area in patients with DFUs (P = .0002). The heterogeneity between the included studies was relatively high (I2 = 92%). IV:

inverse variance method; Random: random-effects model

FIGURE 5 Forest plot of LLLT vs control for mean healing time. Compared with the control group, LLLT significantly shortened the

mean healing time in patients with DFUs (P < .00001). IV: inverse variance method; Fixed: fixed-effects model

FIGURE 3 Forest plot of LLLT vs control for complete healing rate. Compared with the control group, LLLT significantly increased the

complete healing rate in patients with DFUs (P < .00001). M-H: mantel-haenszel; Fixed: fixed-effects model

HUANG ET AL. 771



factor-alpha (TNF-α) concentration.24 TNF-α reduces cell
migration and proliferation while encouraging
apoptosis,57 so its reduction helps wound healing. LLLT
also increases the ulcer granulation rate of patients with
DFUs.40 In general, LLLT promotes ulcer healing by
increasing the synthesis of collagen and extracellular
matrix, recruiting-related cytokines and growth factors,
and promoting the migration, proliferation and differen-
tiation of different cell types.30,58

The therapeutic effect of LLLT depends on parame-
ters such as power density, wavelength, fluence, irradia-
tion time, and treatment duration. The recommended
LLLT parameters in a previous review were as follows:
wavelength of 660 or 890 nm, power density of
50 mW/cm2, fluence of 2 J/cm2, irradiation time of
30 seconds, and a distance of 1 cm away from the
wound.31 In our study, the wavelength range of LLLT
was 400–904 nm, and the parameters of power density
and fluence were roughly in line with the recommended
parameters. In our included studies, the treatment time
ranged from 15 days to 20 weeks. In the subgroup analy-
sis of the ulcer area reduction percentage according to
treatment time, it was found that the combined effect size
in the 4-week subgroup was higher than that in the
15-day subgroup. This may mean that under certain con-
ditions, the longer the treatment time, the better the ulcer
healing.

It is worth noting that in the subgroup analysis of the
ulcer area reduction percentage based on the control
groups' intervention, the placebo subgroup showed the
opposite result. However, there were only two studies11,39

in this subgroup, and the P-value (P = .08) was only
slightly higher than .05. Based on this, we currently con-
sider this result to be unclear, and we look forward to
continued verification in high-quality research in the
future. Minatel et al40 used a lower dose of placebo light
as a control group. The ulcers in this group worsened
during the initial 30 days; however, they turned slowly
but steadily positive after the first 45 days of treatment.
This indicates that a small amount of light has a cumula-
tive effect, changing the trend of ulcer deterioration.
However, in the two studies included in the placebo sub-
group analysis, the control group received sham irradia-
tion instead of a lower dose of light.

Among the included studies, two studies reported
results related to pain. Minatel et al40 showed that
patients began to report pain relief as early as 1 week of
LLLT. Santos et al12 used the Visual Analog Scale (VAS)
to assess pain intensity and found that there was no sig-
nificant difference between the LLLT group and the con-
trol group in improving pain. A study that was not
included in our analysis also used the VAS and found
that after LLLT, the patient's pain improved.59 AnotherT
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study used the Brief Pain Inventory Questionnaire and
the VAS, and found that pain was significantly improved
after LLLT.60 In other aspects of pain, studies showed
that LLLT reduced the pain of eating, drinking, and
toothbrushing for patients with recurrent aphthous
stomatitis,61 and LLLT could also benefit pain in patients
with osteoarthritis.62 However, another study showed
that LLLT did not improve pain in postpartum women
with a right mediolateral episiotomy after normal birth.63

Therefore, the effect of LLLT in improving pain may be
related to the nature and source of the pain. Current
studies show that the effect of LLLT in improving pain in
patients with DFUs is not clear, and more research is
needed. In addition, Hoseini et al39 reported that the
ankle-brachial index (ABI) values and skin temperature
did not show any significant difference after LLLT com-
pared with baseline, consistent with the results published
by Carvalho et al.60 However, another study indicated
that LLLT accelerated collateral circulation and
enhanced microcirculation.64 Therefore, LLLT may pro-
mote angiogenesis and improve the microcirculation of
patients with DFUs. Future studies should consider
microcirculation as one of the potential indicators for
evaluating the efficacy of LLLT, such as ABI, to clarify
the effect of LLLT on the microcirculation of patients
with DFUs. To the best of our knowledge, none of the
included studies reported adverse effects of LLLT, indi-
cating that LLLT was relatively safe.

Our findings are consistent with the results of previ-
ous systematic reviews29-31 that LLLT is a very promis-
ing therapy for the treatment of DFUs, but the quality of
the evidence is very low. Tchanque-Fossuo et al31

included four studies in their systematic review without
meta-analysis. Li et al30 included seven studies in their

systematic review and performed a meta-analysis on the
ulcer area reduction percentage and the complete healing
rate. Santos et al29 included 13 studies in their systematic
review and performed a meta-analysis on the ulcer area
reduction percentage. In these systematic reviews, the
sample sizes was small, and the quality of evidence was
not rated, which weakened the impact of the results. In
addition, Beckmann et al18 reviewed the clinical studies of
LLLT in the treatment of DFUs, but this study did not fol-
low the reporting norms for systematic reviews, so the
conclusions needed to be treated with caution.

Our study has several limitations. First, the pooled
effect of ulcer area reduction percentage had significant
heterogeneity (I2 = 92%). Subgroup analyses were per-
formed to explore the reasons for the heterogeneity, but
it did not improve according to the control groups' inter-
vention, sample size, treatment time or Wagner grade.
The sensitivity analysis also did not find the source of
heterogeneity by eliminating the included studies one by
one. We did not perform subgroup analyses based on the
parameters of LLLT because some of the included studies
did not report complete LLLT parameters. Second, the
LLLT parameters, treatment time, and baseline charac-
teristics of ulcers in the included studies were not uni-
form, and these factors may affect the healing of ulcers.
Finally, the small number of included studies and the
small sample size would make possibility of publication
bias inevitable.

5 | CONCLUSION

The healing of DFUs is the focus of continuous explora-
tion by researchers. This meta-analysis demonstrates that

FIGURE 6 Funnel plot analysis of

the complete healing rate
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LLLT is a promising and effective treatment for DFUs.
Further evidence from larger samples and higher quality
RCTs is needed to prove the effect of LLLT and to deter-
mine the most appropriate parameters for the healing
of DFUs.
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