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Abstract

Objectives We investigated the effectiveness of low-level laser therapy (LLLT) in lower extremity
tendinopathy and plantar fasciitis on patient-reported pain and disability.

Design Systematic review and meta-analysis.

Data sources Eligible articles in any language were identified through PubMed, Embase and
Physiotherapy Evidence Database (PEDro) on the 20t August 2020, references, citations and
experts.

Eligibility criteria for selection of studies Only randomised controlled trials involving participants
with lower extremity tendinopathy or plantar fasciitis treated with LLLT were included.

Data extraction and synthesis Random effects meta-analyses with dose subgroups based on the
World Association for Laser Therapy (WALT) recommendations were conducted. Risk-of-bias was
assessed with the PEDro scale.

Results LLLT was compared with placebo (10 trials), other interventions (5 trials) and as an add-on
intervention (3 trials). The study quality was moderate-high.

Overall, pain was significantly reduced by LLLT at completed therapy (13.15 mm Visual Analogue
Scale (VAS; 95% CI: 7.83-18.48)) and 4-12 weeks later (12.56 mm VAS (95% CI: 5.69-19.42)).
Overall, disability was significantly reduced by LLLT at completed therapy (Standardised Mean
Difference (SMD) = 0.39 (95% CI: 0.09-0.7) and 4-9 weeks later (SMD = 0.32 (95% CI: 0.05-
0.59)). Compared with placebo-control, the recommended doses significantly reduced pain at
completed therapy (14.98 VAS mm (95% CI: 3.74-26.22)) and 4-8 weeks later (14.00 mm VAS
(95% CI: 2.81-25.19)). The recommended doses significantly reduced pain as an add-on to exercise
therapy versus exercise therapy alone at completed therapy (18.15 mm VAS (95% CI: 10.55-
25.76)) and 4-9 weeks later (15.90 mm VAS (95% CI: 2.3-29.51)). No adverse events were
reported.

Conclusion LLLT reduces pain in lower extremity tendinopathy and plantar fasciitis compared with
placebo, other treatments and as a supplement to exercise therapy. LLLT reduces disability to a
small extent in the patients. Adhering to the WALT recommendations is advised.

PROSPERO registration number CRD42017077511
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Strengths and limitations of this study

» This review was performed in conformance with a prospective published protocol, which
included a plan for subgrouping the trials by laser dose.

» There were no language restrictions; two (11%) of the included trials were reported in non-
English language.

» The review includes results from an unpublished trial.

» The review features meta-analyses with direct comparisons between low-level laser therapy
and placebo, other interventions and no intervention.

» Only one reviewer extracted data from the included trials, but the extracted data was checked
for correctness by another reviewer.

INTRODUCTION

Tendinopathy and plantar fasciitis are common disorders resulting in substantial pain and loss of
function in the lower extremity, and both disorders are especially prevalent in athletic and non-
athletic populations.!- The aetiology of tendinopathy and plantar fasciitis is multifactorial, and not
fully understood. Risk factors for tendinopathy include overuse, acute trauma, ageing and genetic
predisposition*3, while prolonged standing and jumping, reduced ankle dorsiflexion and obesity are
known risk factors for plantar fasciitis.®” Disorganised and degenerating collagen fibres, increased
numbers of fibroblasts, altered composition of extracellular matrix proteins, formation of new
vessels and rounding of tendon cells can be found in both tendinopathy and plantar fasciitis.!? !

Conservative treatment of lower extremity tendinopathy and plantar fasciitis includes an
array of modalities and approaches. The effect of exercise therapy in tendinopathy is well-
established, and any exercise type is preferential to wait-and-see in the earlier stages of
tendinopathy.!> However, a superiority of exercise therapy compared with other interventions has
not been demonstrated. The use of non-steroidal anti-inflammatory drugs (NSAIDs) are frequently
recommended in the early stages of tendinopathy and plantar fasciitis.!3-!> However, there is a lack
of placebo-controlled trials investigating the effectiveness of NSAIDs in lower extremity
tendinopathies.!6-2° Moreover, NSAIDs have well known and potentially fatal side-effects, most
importantly severe cardiovascular events and gastrointestinal toxicity.?! Low-level laser therapy
(LLLT), also known as photobiomodulation therapy, is a quickly administered non-invasive
intervention option free from negative side-effects. LLLT is an athermic photochemical modality,
where red or near-infrared light is used to stimulate tissue healing, reduce pain and inflammation.?*-
25 The working mechanisms of LLLT are partly established. There is evidence that LLLT increases
adenosine triphosphate production?, modulates the reactive oxygen species and the induction of
transcription factors.?’-3% Besides, it has been demonstrated that LLLT inhibits cyclooxygenase-2
gene expression and prostaglandin E2 production in tendons?! 32, as well as inhibition of matrix
metalloproteinase activity.?? 33 Furthermore, under application of LLLT, macrophages are more
likely to act as phagocytes.3*

There are heterogeneous results from clinical trials of LLLT in tendinopathies, and this may
or may not be explained by a dose-response relationship.33-37 Variation in LLLT parameters, such as
wavelength, power density, pulse structure, application method and timing may affect the treatment
outcome. Additionally, several in vivo and in vitro trials have demonstrated that when the LLLT
dose is increased beyond a certain level, the response diminishes.3-4! In a recent review by our
research group regarding the effectiveness of LLLT in knee osteoarthritis, a significant dose-
response relationship was discovered when the included trials were subgrouped using the World
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Association for Laser Therapy (WALT) treatment recommendations.*? Several recent systematic
reviews have either solely focused on LLLT or included the modality as one of several conservative
treatments in Achilles tendinopathy or plantar fasciitis.!?43-4% Unfortunately, these reviews have one
or more substantial limitations, such as a lack of a dose-response analysis!?, a lack of inclusion of
trials reported in non-English languages*-#’, or the faulty use of a fixed effects meta-analysis model
in the presence of highly heterogeneous studies*s.

Thus, the potential benefits of managing pain and disability associated with lower limb
tendinopathy and plantar fasciitis have been investigated using LLLT but are still somewhat
inconclusive. Further explorations into the clinical effectiveness of LLLT are warranted, and the
objective of the current review were hence to estimate the effectiveness of LLLT in tendinopathy
and plantar fasciitis on patient-reported pain and disability with a dose-response analysis.

METHODS
This review adheres to a prospectively registered PROSPERO protocol and is reported in

accordance with the Preferred Reporting Items of Systematic reviews and Meta-Analysis statement
2009.%

Literature search and selection of studies

We included randomised clinical trials in which the effectiveness of LLLT in tendon disorders of
the lower extremity or plantar fasciitis was compared with sham (placebo) LLLT, other
interventions or no intervention, in terms of self-reported pain and/or disability. There were no
restrictions regarding publication date and language.

An updated search of the databases PubMed, Embase and Physiotherapy Evidence Database
(PEDro) was completed on the 20" August 2020. Furthermore, references from relevant systematic
reviews* 46483051 and all the included trials were screened, and experts in the field were asked to
provide additional published and unpublished trials. Abstracts were not included. The full electronic
search strategy is included in the supplementary material.

Two independent reviewers (IFN and MBS) read the titles and abstracts of the publications
identified by the search. Any article judged potentially eligible by a reviewer was retrieved in full
text. The same two reviewers evaluated the full texts of all the potentially eligible articles and made
a careful decision to include or exclude each article, with close attention to the eligibility criteria.
Any article not fulfilling the eligibility criteria was excluded and had its details listed with reason
for exclusion (supplementary material). Selection disagreements were resolved by discussion to
consensus with the option of a third person's (JJ) final decision if necessary.

Risk-of-bias analysis

Two reviewers (IFN and MBS) independently assessed the risk-of-bias of the included trials with
the 0-10 points PEDro scale.’> This was done on outcome level, and since the outcomes of interest
are patient-assessed pain and disability, the participants were considered the assessors. Therefore,
the assessors can only be blinded in placebo-controlled trials. When risk of bias disagreements
could not be resolved by discussion, a third reviewer (JJ) made the final consensus-based decision.
The trials were labelled as being of ‘high’, ‘moderate’ or ‘poor’ methodological quality if they had
a total PEDro score of > 7, 5-6 and < 4, respectively.’3 Risk of publication bias was assessed with a
funnel plot.

Data-extraction and meta-analysis
Extraction of the following information was mandatory: number of participants allocated to laser
and control groups, participant characteristics, type and duration of interventions, laser-specific
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application information (including location of application, wavelength, energy density per treated
spot, number of spots treated, mean power density per treated spot, treatment time per spot, treated
area and total number of laser sessions and laser sessions per week), selected outcome measurement
scales for data-extraction, time-points of assessments, effect estimates and adverse events.

The data collection was handled in a two-person procedure by IFN and MBS. Initially, one
reviewer entered all the data in Excel sheets and then another reviewer checked the extracted data
for correctness. If data-extraction disagreements could not be resolved by discussion, a third
reviewer (JMB) made the final consensus-based decision.

All meta-analyses were conducted using random effects models, weighting the individual
trial results relatively even when statistical heterogeneity is present.

Pain results were synthesised using the Mean Difference (MD) method as this method
allows for change and final scores to be combined.>* Pain scores reported on the Visual Analogue
Scale (VAS) and on the Numeric Rating Scale highly correlates> and were thus considered the
same. Self-reported disability results were synthesised with the Standardised Mean Difference
(SMD) method using change scores solely.’* According to Cohen, a SMD of 0.2, 0.5 and 0.8 can be
considered small, moderate and large, respectively.>*

Heterogeneity was measured using [>-statistics (inconsistency).’® An inconsistency level of
25%, 50% and 75% would be considered low, moderate and high, respectively.>’ Standard
deviations (SD) for meta-analysis were extracted or estimated from other variance data in the
following prioritised order: SD, standard error, 95 % confidence interval, p-value, interquartile
range, median of correlations, visually from graph, correlation of 0.6 or mean of SDs from similar
trials.

Trials were subgrouped by laser dose using the World Association of Laser Therapy
(WALT) treatment recommendations®® >, as specified in the a priori protocol. WALT recommends
irradiating minimum of 2-3 points on the tendon or fascia. In Achilles and patellar tendinopathy, the
recommended dose with 904 nanometer (nm) wavelength laser is minimum 2 Joules per point.
Utilizing 780-860 nm wavelength laser, the minimum dose is 4 Joules per point. In plantar fasciitis,
the recommended minimum dose is 2 Joules per point with a 904 nm laser or 4 Joules per point
with 780-860 nm laser. We subgrouped the trials as recommended dose and non-recommended
laser dose. If the trial reports lacked sufficient dose parameters to be identified as recommended or
non-recommended dose, they were subgrouped as unknown dose.

Two time-points of assessment were selected for analysis, that is, immediately after the end
of LLLT and last time-point of assessment 2-14 weeks after completed LLLT (follow-up).

IFN and MBS performed the meta-analyses, using Excel 2016 (Microsoft) and Review
Manager Version 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration,
2014).

Patient and public involvement
Patients or the public were not involved in the conceptualization or carrying out of this research.

RESULTS

A total of 870 publications were identified in the search, of which 18 trials (N = 784) were included
in review and meta-analysis (Figure 1 and Table 1). LLLT was applied to participants with patellar
tendinopathy in 2 trials, Achilles tendinopathy in 5 trials, and plantar fasciitis in 11 trials. LLLT
was compared with placebo (10 trials), other interventions (5 trials) and as an adjunct intervention
(3 trials). Two trials were reported in non-English language, and one trial was unpublished. The
excluded articles were listed with reasons for omission (supplementary material). The mean age of
the participants was 43.6 (minimum <18, maximum 54.5, data from 14 trials), and the mean
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baseline pain intensity was 64.2 mm on the VAS (minimum 19.3 mm, maximum 85 mm, data from

BMJ Open

18 trials). No adverse events were reported by any of the trial authors. None of the trial authors
declared that they had received funding from the laser industry.

Figure 1 Flow chart illustrating the trial identification process

PEDro, Physiotherapy Evidence Database.

Page 6 of 39

Table 1 Characteristics of the included trials

First author, year

Participants at

Participants at

Intervention versus control

Outcome and time of

baseline baseline reassessment after baseline
(intervention)* (control)* (time used for analysis in bold)
Patellar tendinopathy
Liu 2014%, LLLT N:7 N:7 4 weeks of LLLT versus 4 weeks of Pain: VAS

versus ET

Liu 2014,
LLLT+ET versus
ET

Stergioulas 2003°!

Age years: > 18,
<23

VAS Pain mm:
67.86

N: 7

Age years: > 18,
<23

VAS Pain mm:
67.86

N:23

Age years: 29.2
VAS Pain mm:
81.7

Achilles tendinopathy

Darre 199492

Naterstad®?
(unpublished)

Stergioulas 2008

Tumilty 2008%

Tumilty 201266

Plantar fasciitis

Basford 1998¢7

Cinar 201768

Cinar 2018%

N: 46

Age years: > 18
VAS Pain mm:
58.5

N: 20

Age years: 45.4
VAS Pain mm:
529

N: 20

Age years: 30.1
VAS Pain mm:
79.8

N: 10

Age years: 41.4
VAS Pain mm:
47.8

N: 20

Age years: 45.6
NRS Pain mm:
21.1

N: 16

Age years: 42.5
VAS Pain mm:
46.6

N:29

Age years: 46.59
VAS Pain mm:
61.3

N: 24

Age years: 46.5

Age years: > 18, <
23

VAS Pain mm:
65.71

N:7

Age years: > 18, <
23

VAS Pain mm:
65.71

N: 21

Age years: 29.8
VAS Pain mm:
75.9

N: 43
Age years: > 18
VAS Pain mm: 72

N: 21

Age years: 45.8
VAS Pain mm:
53.8

N: 20

Age years: 28.8
VAS Pain mm:
81.8

N: 10

Age years: 42.5
VAS Pain mm: 39

N: 20

Age years: 46.5
NRS Pain mm:
19.3

N: 15

Age years: 42
VAS Pain mm:
57.9

N: 22

Age years: 44.18
VAS Pain mm:
54.9

N: 17

Age years: 44
NRS Pain mm: 62

eccentric ET

4 weeks of LLLT and eccentric exercise
therapy versus 4 weeks of eccentric ET

2 weeks of LLLT versus 2 weeks of sham
LLLT

2.4 weeks of LLLT versus 2.4 weeks of
sham LLLT

4 weeks of LLLT and cryotherapy and 12
weeks of eccentric and concentric ET
versus 4 weeks of sham LLLT and
cryotherapy and 2 weeks of eccentric and
concentric ET

8 weeks of LLLT and eccentric ET versus 8
weeks of sham LLLT and eccentric ET

4 weeks of LLLT and 12 weeks of eccentric
ET versus 4 weeks of sham LLLT and 12
weeks of eccentric ET

4 weeks of LLLT and 12 weeks of eccentric
ET versus 4 weeks of sham LLLT and 12
weeks of eccentric ET

4 weeks of LLLT versus 4 weeks of sham
LLLT

3 weeks of LLLT and stretching versus 3
weeks of stretching

3 weeks of LLLT and 12 weeks of
stretching versus 12 weeks of stretching

Disability: Modified-VISA
Reassessment: 4 weeks

Pain: VAS
Disability: Modified-VISA
Reassessment: 4 weeks

Pain: VAS

Disability: Functional Index
Questionnaire

Reassessment: 2 and 6 weeks

Pain: VAS
Disability: -
Reassessment: 2.4 weeks

Pain: THIP VAS most painful
activity

Disability: THIP VAS ADL
Reassessment: 4 and 12 weeks

Pain: VAS during activity
Disability: -

Reassessment: 4, 8 and 12
weeks

Pain: VAS in morning
Disability: -

Reassessment: 4 and 12 weeks

Pain: NRS

Disability: -

Reassessment: 4, 12 and 52
weeks

Pain: Pain when walking in
morning

Disability: Limping in morning
Reassessment: 2, 4 and 8 weeks
Pain: VAS

Disability: AOFAS-F activity
limitations

Reassessment: 3 and 12 weeks
Pain: NRS

Disability: -

Reassessment: 3 and 12 weeks
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1
2
3
4 NRS Pain mm:
5 63
6 Cinar 2018, N: 24 N: 25 3 weeks of LLLT and 12 weeks of Pain: NRS
7 ESWT Age years: 46.5 Age years: 45.4 stretching versus 3 weeks of ESWT (2000 Disability: -
8 NRS Pain mm: NRS Pain mm: 67  mJ/mm?, session once per week) and 12 Reassessment: 3 and 12 weeks
9 63 weeks of stretching
Elsehrawy 20187 N:23 N:23 3 weeks of LLLT versus 2 weeks of ESWT Pain: VAS
10 Age years: 46.4 Age years: 46 (2050 shocks/min, 10 Hz, 2.5 bars once per ~ Disability: FFI disability
1 VAS pain: 85 VAS pain: 82 week) subscale
12 Reassessment: 4 weeks
13 Kiritsi 20107 N: 15 N: 15 6 weeks of LLLT versus 6 weeks of sham Pain: ADL VAS
14 Age years: 41 Age years: 41 LLLT Disability: -
15 VAS Pain mm: VAS Pain mm: 67 Reassessment: 6 weeks
67
::? Koteeswaran N: 15 N: 15 2 weeks of LLLT and stretching versus 2 Pain: NRS
20207 Age years: 30- Age years: 30-60 weeks of TUS and stretching Disability: FAAM
18 60 NRS Pain: 72.7 Reassessment: 2 weeks
19 NRS Pain: 74.7
20 Lamba 20137 N: 40 N: 40 4 weeks of LLLT and stretching versus 4 Pain: VAS
21 Age years: 40.9 Age years: 40.4 weeks of sham LLLT and stretching Disability: -
22 VAS Pain mm: VAS Pain mm: 62 Reassessment: 1,2, 3 and 4
57.5 weeks
;i Macias 20157 N:37 N: 32 3 weeks of LLLT versus 3 weeks of sham Pain: VAS heel pain
Age years: > 18 Age years: > 18 LLLT Disability: FFI disability
;2 VAS Pain mm: VAS Pain mm: subscale 8 weeks
69.1 67.6 Reassessment: 1,2, 3, 6 and 8
27 weeks
28 Sanmak 201973 N: 17 N: 17 4 weeks of LLLT versus 3 weeks of ESWT  Pain: VAS
29 Age years: 53 Age years: 49 (2 bar with 2,000 shocks/min at 10 Hz once  Reassessment: 4 and 8 weeks
30 VAS Pain mm: VAS Painmm: 80  Per week)
70
31 Ulusoy 201776, N: 20 N: 20 3 weeks of LLLT versus 3 weeks of TUS (1~ Pain: VAS in morning
32 TUS Age years: 53.4 Age years: 50.95 mHz; 2 W/cm2) Disability: -
33 VAS Pain mm: VAS Pain mm: Reassessment: 7 weeks
34 68.7 66.6
35 Ulusoy 201776, N: 20 N: 20 3 weeks of LLLT versus 3 weeks of ESWT  Pain: VAS in morning
36 ESWT Age years: 53.4 Age years: 54.45 (2.5 bar with 2,000 shocks/min at 10 Hz Disability: -
37 VAS Pain mm: VAS Pain mm: 66 three times per week) Reassessment: 7 weeks
38 68.7
39 Yiizer 200677 N:24 N: 30 1.4 weeks of LLLT versus steroid injection Pain: VAS
Age years: 49.58  Age years: 51.53 Disability: -
2(1) VAS Pain mm: VAS Pain mm: 76 Reassessment: 5.4, 13.4 and
80 25.4 weeks
42 *Numbers are means, unless otherwise stated.
43 ADL, activity of daily living; AOFAS-F, American Orthopedic Foot and Ankle Score Function; ESWT, Extracorporeal Shockwave Therapy; ET,
44 exercise therapy; FAAM, Foot and ankle ability measurement questionnaire; FFI, Foot Function Index; LLLT, Low-Level Laser Therapy; NRS,
45 Numeric Rating Scale; THIP, Tendinopathy Health Impact Profile; TUS, therapeutic ultrasound; VAS, Visual Analogue Scale.
j? LLLT was compared with placebo LLLT in 10 trials®1-63 656771737478 "an{ exercise therapy or
48 stretching exercises was applied as a co-intervention in five of these trials. LLLT was compared
49 with exercise therapy or stretching exercises in three trials.® 8% A comparison between LLLT and
50 Extracorporeal Shockwave Therapy (ESWT) in plantar fasciitis was performed in four trials.6® 7073
51 76 LLLT was compared to therapeutic ultrasound in two trials’? 76, and LLLT was compared to
gg steroid injection in one trial’”’. Recommended laser doses were applied in at least 11 trialg®0-65 686971
=2 7376 and a non-recommended dose was used in at least one trial.®® We were unable to categorise the
55 laser doses in the remaining six trials®’ 7072747577 due to inadequately or missing descriptions of
56 laser parameters (Table 2).
57
58
59
60
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Table 2 LLLT characteristics of the included trials
First author, year Wave- Mean Seconds per Joules per Number of Number of Dose
length (nm)  output treatment treatment spots sessions/Weeks recommended
power spot (s) spot (J) treated by WALT
(mW)
Patellar tendinopathy
Liu 2014¢0 810 200 600 - 1 24/4 Yes
810 200 300 - 2%
Stergioulas 2003°! 904 50 300 1.2 10 10/2 Yes
Achilles tendinopathy
Darre 199462 830 30 - 4 4 12/2.5 Yes
Naterstad®® (unpublished) 904 60 50 3 6 12/4 Yes
Stergioulas 2008 820 30 - 0.9 6 12/8 Yes
Tumilty 2008 810 100 30 3 6 12/4 Yes
Tumilty 20126 810 7 30 0.21 6 12/4 No
Plantar fasciitis
Basford 1998¢7 830 30 - - 3* 12/4 Unclear
Cinar 201768 830 100 80 5.6 5 10/3 Yes
Cinar 2018% 830 100 80 5.6 5 10/3 Yes
Elsehrawy 20187 830 - - - 3* 6/3 Unclear
Kiritsi 20107 904 60 - 8.4 1 18/6 Yes
904 60 - - 2%
Koteeswaran 202072 830 - 180 - 3 9/3 Unclear
Lamba 20137 820 100 80 - 3* 12/4 Yes
Macias 20157 635 17 600 - 3 6/3 Unclear
Sanmak 201973 685 30 60 - 2% 12/4 Unclear
Ulusoy 20177 830 50 200 - 3* 15/3 Yes
Yiizer 200677 904 - 30 - - 10/1.4 Unclear

*One or more spots/areas treated with movement of the laser probe.
LLLT, Low-Level Laser Therapy; WALT, World Association for Laser Therapy.

Overall pain and disability results pain and disability - LLLT versus any control
Data allowing for a meta-analysis of an immediate pain change were available from 16 trials with
recommended, non-recommended or unknown laser dosing.

Overall, pain was significantly reduced by LLLT over any control immediately after
completed therapy therapy (13.15 mm VAS (95% CI: 7.82 to 18.48), I? = 65%, N = 784) (Figure 2)
and at follow-ups 4-12 weeks later (12.56 mm VAS (95% CI: 5.69 to 19.42), I> = 48%, N = 556)
(Figure 3).

Overall, the disability results immediately after completed therapy significantly favoured
LLLT over any control (SMD = 0.39 (95% CI: 0.09 to 0.7), I = 30%, N = 260) (Figure 4). A
disability reduction by LLLT remained significant at follow-ups 4-9 weeks after completed therapy
(SMD = 0.32 (95% CI: 0.05 to 0.59), I = 4%, N = 222) (Figure 5).

Figure 2 Overall pain results immediately after completed therapy - LLLT versus any control
AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser
Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S, stretching; TU, Therapeutic Ultrasound.

Figure 3 Overall pain results at follow-ups - LLLT versus any control
AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser
Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S, stretching; TU, Therapeutic Ultrasound.

Figure 4 Overall disability results immediately after completed therapy - LLLT versus any control
AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser
Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S = stretching; TU, Therapeutic Ultrasound.

Figure 5 Overall disability results at follow-ups - LLLT versus any control
AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar
tendinopathy; S, stretching.
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Overall and subgroup pain results - LLLT versus placebo-control

Overall, pain was significantly reduced by LLLT over placebo-control immediately after completed
therapy (11.48 mm VAS (95% CI: 2.68 to 20.28), I> = 73%, N = 507) (Figure 6) and during follow-
ups 4-8 weeks after completed therapy (13.62 mm VAS (95% CI: 2.18 to 25.06), I? = 68%, N =
277) (Figure 3).

The recommended laser doses significantly reduced pain compared with placebo
immediately after completed therapy (14.98 mm VAS (95% CI: 3.74 to 26.22), I? = 67%, N = 367)
(Figure 6). A non-recommended laser dose from a single trial provided no significant pain reduction
immediately after completed therapy (-3.0 mm VAS (95% CI: -11.17 to 5.7), N = 40) (Figure 6).
Trials with unknown laser doses significantly favoured LLLT over placebo-control immediately
after completed therapy (10.83 mm VAS (95% CI: 2.44 to 19.21), N = 100). The between-subgroup
difference was significant (P = 0.02) (Figure 6).

At follow-ups 4-8 weeks after completed therapy, the recommended laser doses significantly
reduced pain compared with placebo (14.00 mm VAS (95% CI: 2.81 to 25.19), I = 5%)
(supplementary material). A non-recommended dose provided in a single trial did not significantly
reduce pain compared with placebo at follow-up 8 weeks after completed therapy (0.00 mm VAS
(95% CI: -7.62 to 7.62), N = 40) (supplementary material). At follow-ups 4-5 weeks after
completed therapy, trials with unknown laser doses demonstrated a significant pain reduction by
LLLT compared with placebo (23.94 mm VAS (95% CI: 14.39 to 33.48), I? = 0%, N =97)
(supplementary material). The between-subgroup difference was significant (P = 0.0005)
(supplementary material).

Figure 6 Subgroup pain results immediately after completed therapy - LLLT versus placebo-control
AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar tendinopathy;
S, stretching.

Subgroup pain results - LLLT versus no intervention

Pain was significantly lowered by the recommended laser doses when used as an adjunct to
exercise, stretching and insoles over exercise, stretching and insoles alone, both immediately after
completed therapy (18.15 mm VAS (95% CI: 10.55 to 25.76), I> = 0%, N = 104) (Figure 7) and at
follow-up 9 weeks after completed therapy (19.67 mm VAS (95% CI: 5.16 to 34.18), I> = 0%, N =
80) (supplementary material).

Figure 7 Subgroup pain results immediately after completed therapy - LLLT versus no intervention
ET, exercise therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S, stretching.

Overall and subgroup pain results - LLLT versus other interventions

Overall, pain was significantly reduced by LLLT compared with other interventions immediately
after completed therapy (13.23 mm VAS (95% CI: 4.07 to 22.39), I = 66%, N = 173) (Figure 8).
Follow-up results of pain 4-12 weeks after completed therapy favoured LLLT over other
interventions, but not significantly (9.41 mm VAS (95% CI: -0.44 to 19.26), I> = 16%, N = 193)
(supplementary material).

The recommended laser doses were compared with exercise therapy in one trial and ESWT
in another trial immediately after completed therapy and the pain results favoured LLLT, but not
significantly (13.91 mm VAS (95% CI: -1.34 to 29.15), I> = 65%, N = 63) (Figure ).

The pain results from three trials with unknown laser doses, in which two groups received
extracorporeal shock wave therapy (ESWT) and one group received therapeutic ultrasound,
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favoured LLLT immediately after completed therapy, but not significantly (12.88 mm VAS (95%
CIL: -1.29 to 27.04), I = 77%, N = 110) (Figure 8).

At follow-ups 4-9 weeks after completed therapy, pain was significantly lowered by the
recommended laser doses compared with other interventions (15.90 mm VAS (95% CI: 2.30 to
29.51), I = 0%, N = 103) (supplementary material). Pain was not significantly lowered by unknown
laser doses compared with other interventions at follow-ups 4-12 weeks after completed therapy
(2.93 mm VAS (95% CI: -15.80 to 21.67), I = 52%, N = 87) (supplementary material).

Figure 8 Overall and subgroup pain results - LLLT versus other interventions
ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar
tendinopathy; S = stretching; TU, Therapeutic Ultrasound.

Overall and subgroup disability results - LLLT versus placebo-control

Overall, the disability results favoured LLLT over placebo-control immediately after completed
therapy, but not significantly (SMD = 0.2 (95% CI: -0.18 to 0.58), I> = 0%, N = 107) (Figure 4).
The same applied to the follow-up results 4-8 weeks after completed therapy (SMD = 0.19 (95%
CI: -0.11 to 0.49), I> = 0%, N = 173) (supplementary material).

The disability results immediately after completed therapy favoured the recommended laser
doses over other interventions, but not significantly (SMD = 0.25 (95% CI: -0.21 to 0.7), I> = 0%, N
= 76) (supplementary material). The same applied to unknown laser doses compared with placebo-
control immediately after completed therapy (SMD = 0.10 (95% CI: -0.61 to 0.80), N = 31)
(supplementary material).

At follow-ups 4-8 weeks after completed therapy, the disability results favoured the
recommended laser doses over other interventions, but not significantly (SMD = 0.24 (95% CI.: -
0.21 to 0.70), I = 0%, N = 76) (supplementary material). The same applied to the unknown laser
doses compared with placebo-control immediately after completed therapy (SMD = 0.14 (95% CI: -
0.26 to 0.54), N = 107) (supplementary material).

Overall and subgroup disability results - LLLT versus other interventions
The overall disability results immediately after completed therapy favoured LLLT, but not
significantly (SMD = 0.58 (95% CI: -0.11 to 1.27), I> = 56%, N = 90) (figure 4).

The recommended laser doses neither provided a significant disability reduction compared
with other interventions immediately after completed therapy (SMD = 0.20 (95% CI: -0.85 to 1.25),
N = 14) (supplementary material). The same applied to unknown laser doses compared with other
interventions immediately after completed therapy (SMD = 0.73 (95% CI: -0.26 to 1.72), N =76)
(supplementary material).

Subgroup disability results - LLLT versus no intervention

The disability results of the recommended laser doses applied as an adjunct to exercise therapy or
stretching immediately after completed therapy favoured LLLT, but not significantly (SMD = 0.68
(95% CI: -0.49 to 1.85), I = 69%, N = 61) (supplementary material). At follow-up 9 weeks after
completed therapy, disability was significantly lowered by the recommended laser doses as an
adjunct to stretching and insoles compared with exercise therapy and insoles alone (SMD = (.82
(95% CI: 0.24 to 1.41), N = 49) (supplementary material).

Sensitivity analysis of laser dose categorisation

The irradiation procedure by Darre et al.%? was judged as a recommended laser dose, based on the
reported dose parameters in the paper. However, the dose description is somewhat sparse and could
be misinterpreted. If the study by Darre et al. was allocated to the unknown laser dose subgroup, the
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statistical heterogeneity would be eliminated in the recommended laser dose group and the
estimated pain reduction would be increased to 21.12 mm VAS ((95% CI: 14.94 to 27.31), I> = 0%,
N = 278) versus placebo immediately after completed therapy (supplementary material).

Risk-of-bias within studies

Ten of the included trials were found to be of high methodological quality, and the remaining eight
included trials were found to be of moderate methodological quality (Table 3). All the trials
featured adequate randomisation. Allocation concealment was sufficient in 11 (61%) of the trials.
The groups were similar at baseline in 15 (83%) of the trials. The participants were blinded in nine
(50%) of the trials. The therapists were blinded in five (28%) of the trials, all of which were
placebo-controlled. The assessors were blinded in seven (39%) of the trials, all of which were
placebo-controlled. Outcome data were available from more than 15% of the participants in 14
(78%) of the trials. An intention-to-treat analysis was used in 10 (56%) of the trials. A between-
group statistical comparison was performed in all the trials. Point measures and variability outcome
data were stated in 17 (94%) of the trial reports.

The lack of therapist and assessor blinding were the two most obvious methodological
inadequacies. However, risk-of-bias subgroup analyses performed post-hoc revealed that there was
no significant interaction between the effect estimates and the lack of blinding (supplementary
material).

Risk-of-bias across studies (small study/publication bias)

In a random effects model, small and large trials are weighted relatively even when statistical
heterogeneity is present. In a fixed effects model, the heterogeneity is ignored and will not influence
the weights. Smaller studies in meta-analyses tend to show more positive results than larger trials.”®
However, there was almost no difference between the pain results of the two meta-analysis models,
indicating that no small study bias exists (supplementary material). Likewise, there was no obvious
asymmetry in a funnel plot based on the same meta-analyses of pain, indicating that no publication
bias was present (supplementary material).

Table 3 PEDro score
Study ID Item number Tota | Quality
1% | 2 3 4 5 6 7 8 9 |10 |11 |1

Basford 19987 | + | + - + | + - + | + - + | + 7 | High

Cinar 2017 + |+ |+ |+ - - - + |+ | + |+ 7 | High

Cinar 2018% + |+ | + |+ - - S A 7 | High

Darre 199462 + | + |+ - + |+ - - - + | - 5 | Moderat
e

Elsehrawy + | + - + - - - + - + | + 5 | Moderat

201870 e

Kiritsi 20107! + |+ |+ |+ |+ |+ |+ | - -+ |+ 8 | High

Koteeswaran + | + - + - - - + |+ | + |+ 6 Moderat

202072 e

Lamba 201373 + |+ -+ ] - S e B 6 | Moderat
e
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Liu 201460 + |+ | - |+ - - S i 6 | Moderat
e
Macias 201574 + |+ ]+ |+ |+ - + |+ |+ | + |+ 9 | High
Naterstad® + |+ |+ |+ |+ |+ ]+ |+ ]+ 10 | High
(unpublished)
Sanmak 20197 | + | + | + | + . - - + | + | + |+ 7 | High
Stergioulas + |+ - + | + - + - - + |+ 6 | Moderat
2003°! e
Stergioulas + |+ |+ | + | + - - - + |+ |+ 8 High
20086

Tumilty 2008%° | + | + | + [ + | + | + | + | + | + | + | + | 10 |High

Tumilty 2012% | + | + | + | + | + | + | + | + | + | + | + 10 | High

Ulusoy 201776 + | + - + - - - + - + | + 5 | Moderat
c

Yiizer 200677 + + + + - - - - - + |+ 5 Moderat
c

PEDro, Physiotherapy Evidence Database.
*Item not included in the mean score.

1. Eligibility criteria specified.

. Random allocation.

. Concealed allocation.

. Groups similar at baseline.

. Subject blinding.

. Therapist blinding.

. Assessor blinding.

. Less than 15% dropout.

. Intention-to-treat analysis.

10. Between-group statistical comparisons.
11. Point measures and variability data.

O 0 31O\ L KW

DISCUSSION

We investigated the effectiveness of LLLT in tendon and aponeurosis disorders of the lower
extremity. Our overall meta-analysis results demonstrated that pain and disability were statistically
significantly reduced by LLLT compared with any control both immediately after completed
therapy and in the follow-up period, that is, 4-12 weeks after completed therapy for pain and 4-8
weeks after completed therapy for disability.

Like in our previous meta-analysis of LLLT in knee osteoarthritis*?, we sub-grouped the
included trials in the current review using the WALT treatment recommendations.>® 3* Compared
with placebo-control, the recommended laser doses in the current review generally had a larger
pain-relieving effect than non-recommended laser both immediately after therapy and in the follow-
up period. Similarly, the recommended laser doses had a significant pain-relieving effect as an
adjunct to exercise therapy, stretching and insoles both immediately after completed therapy and in
the follow-up period. Compared with other treatment modalities, the recommended laser doses were
significantly superior, but only at follow-up and only as a pain treatment.

The minimal clinically important improvement (MCII) for pain expressed on the VAS or
NRS has not been established for tendinopathy in the lower extremity®’, even though pain is a
prominent feature of this condition. A MCII of 14 mm on a VAS has been suggested in rotator cuff
tendinopathy®!, which could indicate that the pain reduction from recommended LLLT doses,

11
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compared with placebo-LLLT, is both statistically significant and clinically relevant at the end of
treatment (14.98 mm) and at follow-ups (14.0 mm). Prior research indicates that there is a
difference in central sensitisation in upper- and lower limb tendinopathy®?, and thus the transference
of MCII from rotator cuff tendinopathy should be considered with some caution. In plantar fasciitis,
the MCII for VAS pain has been estimated to be 8 mm for average pain®3, and our results are above
this threshold in all comparisons.

As for disability, we found that LLLT overall had a small significant effect both
immediately after completed therapy and in the follow-up period. Compared with placebo, there
were no significant effect of LLLT on disability immediately after completed therapy and at follow-
ups. Only Cinar et al.®® provided follow-up data on disability regarding LLLT as an add-on to
exercise therapy. They found a large and significant positive effect on disability 12 weeks after
completed therapy, however, their results are based only on 49 participants®®, and thus this meta-
analysis result should be interpreted with caution.

We were unable to dose categorise the study by Macias et al.”* since they used a laser within
the visible spectrum (635 nm), which is not mentioned in the WALT treatment guidelines. Light in
the red wavelengths (600-700 nm) penetrates the tissue to a lesser extent than light with a
wavelength of 700-1000 nm.?* Macias et al. utilized a relatively low mean output power, but they
stated that they irradiated the tissue for 600 seconds and achieved a significant pain reduction. The
methodological quality of their trial’* was categorised as high, with a PEDro score of 9.

Sanmak et al.”® also used a laser within the red spectrum, but they provided a much smaller
dose. Sanmak et al.”> compared LLLT with ESWT in plantar fasciitis and found no difference
between the groups regarding pain immediately after treatment, but an insignificant better result for
ESWT 4 weeks after completed treatment. Comparing LLLT to ESWT, we would expect different
time-profiles for pain alleviation, as the effect of ESWT might be better at later time-points.®
Sanmak et al.”> applied LLLT in a circular motion on the insertion site of the plantar fascia for 60
seconds and along the fascia for another 60 seconds. They stated that they irradiated the tissue with
2 J/em?, which according to our calculation (Watt*seconds) corresponds to a relatively low mean
output power of 18 mW/cm?. Moving the laser probe during irradiation will yield a smaller laser
dose per spot, and larger movement will for instance reduce the energy delivered per cm?.
Additionally, the skin underneath the heel is thick®, and thus absorbs a large percentage of the
laser.

We did not identify any trials focusing on trochanter tendinopathy, peroneal or tibialis
posterior tendinopathy. In a double-blinded randomised trial by Logdberg-Andersson et al.?’, the
effect of a 904 nm wavelength laser on participants with trochanteritis was investigated. They found
a significant positive effect compared with placebo on pain expressed on a VAS and with
algometry, both at the end of treatment and four weeks after.8” This trial was not included in our
review as we were unable to isolate the participants of interest.

We were only able to identify two randomised controlled trials regarding the effect of LLLT
compared with a control in patellar tendinopathy. In a recent clinical trial by Ashok et al.®8, the
effect of LLLT was compared to that therapeutic ultrasound in persons with patellar tendinopathy.
They found a statistically significant effect of LLLT compared with therapeutic ultrasound, both in
pain reduction and function, however, this trial is small (N = 8) and only of moderate
methodological quality. This is consistent with the findings in this review. Another LLLT trial by
Meier et al.?? included participants with both patellar tendinopathy (N = 58) and Achilles
tendinopathy (N = 52), however, we did not include this trial as it solely concerned the effects of an
invisible (904 nm wavelength) laser versus a red (632 nm wavelength) laser. They stated that the
red laser was placebo but delivered a laser dosage that would be considered possibly effective. Both
groups had a positive effect on a combined index of pain and function, favouring the 904 nm laser,
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but the trial does not provide point measures or variability data, among other methodological
challenges.

The presence and role of inflammation in chronic tendinopathy has been an ongoing debate
in the last few decades. There is currently increased support that inflammation has a causal role in
tendinopathy, where immune cells and molecular mediators are included as inflammatory
components.’-2 Prostaglandin E, (PGE,) has been suggested to sustain inflammation and pain in
human tendon disease.”? In Achilles tendinopathy, a reduction of PGE, and a concurrent increased
pain pressure threshold after LLLT has been found in a double-blinded randomised trial by Bjordal
et al.>*, where microdialysis of the tendon was performed in seven participants. The participants had
aggravated the symptoms through a pain inducing activity immediately prior to the examination.
Only the immediate (105 minutes) response to LLLT was investigated in the trial, but the findings
support the notion that LLLT may act anti-inflammatory in Achilles tendinopathy.

Several authors of the included trials failed to give an adequate description of the laser dose
parameters used. A LLLT dose-response relationship has been established in systematic reviews of
tendinopathy®3-37 and osteoarthritis.*? In the current review, some of the statistical heterogeneity is
plausibly due to the variation in applied laser doses. The statistical heterogeneity of the dose
subgroup analyses was generally lower than in the overall (any dose) analyses and this indicates
that the dose might be more important for the effect than the location of the tendinopathy. The only
study that caused noteworthy statistical heterogeneity in the dose subgroup analysis with placebo-
control was the one by Darre et al.> Most of the pain and disability analyses comparing LLLT with
other interventions were performed on plantar fasciitis, and yielded a moderate level of statistical
heterogeneity, and it may be explained by the variation in control interventions.

The included trials had a moderate to high methodological quality (mean PEDro score =
7.1). Therapist and assessor blinding lacked in many of the included studies, however, the lack of
blinding was not significantly associated with higher effect estimates (supplementary material).

Future trials should be conducted to directly compare the effectiveness of different LLLT
parameters. Additionally, systematic reviews of LLLT should include dose-response investigations.

Strengths and limitations of this study

This review was conducted in conformance with a detailed a priori published protocol, which
includes, for example, a plan for subgrouping the trials by laser dose. The review includes results
from two studies reported in non-English language®? 77 and an unpublished study.®® The review
features meta-analyses with direct comparisons between LLLT and placebo LLLT, other
interventions and no intervention. Although only one reviewer extracted data from the included
trials, the extracted data was checked for correctness by another reviewer.

CONCLUSIONS

LLLT reduces pain in lower extremity tendinopathy and plantar fasciitis compared with placebo,
other treatments and as an add-on to exercise therapy. LLLT reduces disability to a small extent in
the patients. Adhering to the WALT dose recommendations is advised.
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manuscript, and subsequently revised it, based on comments by JJ, IMB, CC, RABLM and MBS.
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10.1136/bjsm.2005.020842 [published Online First: 2005/12/24]
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LLLT Control Mean Difference
Mean  SD Total Mean SD Total Weight IV, Random,95% Cl

1.1.1 LLLT vs placebo

Darre 1984, LLLT vs placebo LLLT in AT

Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT
Basford 1998, LLLT vs placebo LLLT in PF

Macias 2015, LLLT vs placebo LLLT in PF

Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT
Kiritsi 2010, LLLT vs placebo LLLT in PF

Lamba 2013, LLLT+S vs placebo LLLT+S in PF
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT
Stergioulas 2003, LLLT vs placebo LLLT in PT
Subtotal (95% CI)

Mean Dif

fference

IV, Random, 95% CI

405 379 46 52 3437 43 54% -11.50[-26.52, 3.52]
6 174 20 9 745 20 78% -3.00[-11.17,5.17]
2286 299 10 172 1775 10 37% 5.40[-16.15, 26.95]
344 4558 16 261 29.26 15  28% 8.30[-18.50, 35.10]
198 2249 37 8.7 1456 32 7.6% 11.10[2.27, 19.93]
289 2018 20 1154 3509 21 41% 17.36[-2.36, 37.08]
40 203 25 18 89 25 7.6% 22.00[13.31, 30.69]
32 53 40 83 53 40 34% 23.70([047,46.93]
248 25 26 0 25 26 5.9% 24.80[11.21, 38.39]
355 71.04 18 64 1239 17 20% 29.10[-4.24, 62.44]
258 249 50.4%  11.48 [2.88, 20.28]

Heterogeneity: Tau® = 126,14; Chi? = 32 84, df =9 (P = 0.0001); * = 73%

Test for overall effect: Z = 2.56 (P = 0.01)

11.2 LLLT vs no intervention

Liu 2014, LLLT+ETvs ET in PT
Cinar 2018, LLLT+S+l vs S+l in PF
Cinar 2017, LLLT+S+l vs S+l in PF
Subtotal (95% CI)

6286 104 7 4643 1069 7 6.8% 16.43(5.38, 27.48]
38 249 24 20 2528 17 53%  18.00(2.39, 33.61]
388 286 27 177 2192 22 57%  21.10[6.85, 35.25]
58 46 17.7% 18.15[10.55, 25.76]

Heterogeneily: Tau? = 0.00; Chi? = 0.26, df = 2 (P = 0.88); I = 0%

Test for overall effect: Z = 4.68 (P < 0.00001)

1.1.3 LLLT vs other intervention

Sanmak 2019, LLLT vs ESWT in PF

Liu 2014, LLLTvs ETin PT

Elsehrawy 2018, LLLT+S vs ESWT+S in PF
Cinar 2018, LLLT+S+l vs ESWT+S+| in PF

Koteeswaran 2020, LLLT+S vs TU+S in PF

Subtotal (95% CI)

10 20.16 17 10 19.23 17 6.0% 0.00[-13.24,13.24]
5286 122 7 46.43 1069 7 64%  6.43[-5.59, 18.45]
57 1545 23 46 1545 23 7.5% 11.00 [2.07, 19.93]
38 249 24 16 231 25 59% 22,00 (854, 35.46]
354 2586 15 74 601 15 6.0% 28.00[14.69,41.31]
86 87 31.9% 13.23[4.07,22.39]

Heterogeneity: Tau® = 70.74; Chi* = 11.83, df = 4 (P = 0.02); ¥ = 66%

Test for ovi effect: Z = 2.83 (P = 0.005)

Total (95% CI)

402 382 100.0% 13.15[7.82, 18.48]

Heterogeneity: Tau? = 77.51; Chi* = 48.03, df = 17 (P < 0.0001); P =65%

Test for overall effect: Z = 4.83 (P < 0.00001)

Test for subaroup differences: Chi? = 1.40. df = 2 (P = 0.50), I = 0%

336x207mm (120 x 120 DPI)

-50

-25
Favours control

Favours LLLT

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 39
W

W elep pue 1xal 01 pale|al sasn 1o} Buipnjoul ‘1ybuAdoo Ag paloaloid

‘salfojouyoal rejiwis pue ‘Bururesy |y ‘Bul

(s3gv) Jnauadns wwawaubiasug
| @p anbiydesbollqig aoushy re Gzoz ‘0T sunc uo /wodfwg uadolwa//:diy woly papeojumoq "'zz0zZ 1aqualdss 8z uo 6/7650-TZ02-uadolwa/oeTT 0T se paysiignd 1siiy :uado N


http://bmjopen.bmj.com/

Page 23 of 39

oNOYTULT D WN =

BMJ Open

LLLT Control
Study or Subgroup Mean SD_Total Mean SD Total Weight
2.1.1 LLLT vs placebo
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 15 1175 20 15 1282 20 147%
Naterstad, LLLT+ET+CTvs placebo LLLT+ET+CTin AT 2659 36.46 20 2299 29.18 pal 7.0%
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 309 3173 10 20 20 10  59%
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 178 266 20 0 2686 20 88%
Basford 1998, LLLT vs placebo LLLT in PF 374 6257 15 194 61.92 13 20%
Macias 2015, LLLT vs placebo LLLT in PF 296 249 37 54 16 32 132%
Stergioulas 2003, LLLT vs placebo LLLT in PT 606 8857 18 173 21.87 17 23%
Subtotal (95% CI) 140 133 53.9%
Heterogeneity: Tau®= 130.26; Chi*= 18.51, df= 6 (P = 0.005); F = 68%
Testfor overall effect Z= 2.33 (P =0.02)
2.1.2 LLLT vs other intervention
Sanmak 2019, LLLT vs ESWT in PF 20 3264 17 30 3976 17 55%
Ulusoy 2017, LLLT+ET+S vs ESWT+ET+S in PF 394 4041 8 386 444 20 33%
Ulusoy 2017, LLLT+ET+S vs TU+ET+S in PF 394 4041 9 N Nns 17 40%
Yuzer 2008, LLLT vs steroid injection in PF 48 2291 26 38 2332 30 115%
Cinar 2018, LLLT+S+Ivs ESWT+S+lin PF 44 249 24 22 3513 25 B86%
Subtotal (95% CI) 84 109 32.8%
Heterogeneity: Tau®= 21.59; Chi*= 4.77, df= 4 (P=0.31); F= 16%
Test for overall effect Z= 1.87 (P = 0.06)
2.1.3 LLLT vs no intervention
Cinar 2018, LLLT+S5+Ivs S+l in PF 44 26.05 24 27 2917 17 8.4%
Cinar 2017, LLLT+S+Iws S+l in PF 441 61.76 27 182 3015 21 48%
Subtotal (95% CI) 51 39 13.3%
Heterogeneity: Tau®= 0.00; Chi*= 0.30, df=1 (P = 0.58), F= 0%
Test for overall effect Z= 2.66 (P = 0.008)
Total (95% CI) 275 281 100.0%

Heterogeneity: Tau®= 68.06, Chi*= 26.08, df=13 (P = 0.02); F= 48%
Test for overall effect Z= 2.59 (P = 0.0003)
Test for subgroup differences: Chi*=1.33, df= 2 (P = 0.51), F= 0%

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% C|

0.00 |-7.62,7.62]
360[-16.68,23.89)
10.90 12,35, 34.15]
17.80(1.41, 34.39]
16.00 -28.21, 64.21]
24.20[14.45,3395]
43.30(1.08, 85.52)
13.62 [2.18, 25.06]

-10.00 [-34.45, 14.45]
0.80[-33.30, 34.90]
8.401-22.02,38.82]
10,00 [-2.13,22.13]
22.00(5.00, 39.00]
9.41 [-0.44, 19.26]

17.00 [-0.35, 34.35]
25.90 [-0.58, 52.38]
19.67 [5.16, 34.18]

12.56 [5.69, 19.42]
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Lt Control $td. Mean Difference $td. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C|
3.1.1 LLLT vs placebo
Stergioulas 2003, LLLT vs placebo LLLT in PT 22 1631 18 1.7 1213 17 141% 0.03 [-0.63,0.70] T
Basford 1998, LLLT vs placebo LLLT in PF 45 2154 16 25 1856 15 130% 0.10[-0.61, 0.80] R —
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 17 179 20 067 276 21 154% 04310.19,1.0§) T
Subtotal (35% CI) 54 53 42.5% 0.20 [-0.18, 0.58) -
Heterogeneity Tau®= 0.00; Ch*= 0.86, df= 2 (P = 0.65);, F= 0%
Test for overall effect Z=1.04 (P = 0.30)
3.1.2 LLLT vs other intervention
Liu 2014, LLLTvsETin PT 25 64 7 2371 583 TT0% 0.20}0.85,1.29) D E—
Elsehrawy 2018, LLLT+5 vs ESWT+S in PF 347 514 23 326 977 23 167% 0.26 [-0.32, 0.85] -
Koteeswaran 2020, LLLT+5 vs TU+S in PF 26.94 1945 15 807 583 15 109% 1.28[0.48,2.07] —
Subtotal (95% CI) 45 45 34.7% 0.58 [0.11,1.27] il
Heterogeneity: Tau®= 0.21; Chi*= 4.59, df= 2 (P = 0.10); F= 56%
Test for overall effect Z=1.66 (P=0.10)
3.1.3 LLLT vs no intervention
Cinar 2017, LLLT+S+Ivs S+l in PF 114 1422 27 088 145 22 173% 0.19[-0.37,0.78] I
Liu 2014, LLLT+ETvs ETin PT 377 1177 7 2371 583 T 55% 1.41[0.20, 2.63]
Subtotal (95% CI) 34 20 22.8% 0.68 [-0.49, 1.85) o
Heterogeneity: Tau*= 0.51: Ch*= .18, df=1 (P = 0.07); F= 63%
Testfor overall effect Z=1.14 (P = 0.26)
Total (95% CI) 133 127 100.0% 0.39[0.09, 0.70] <>
Heterogeneity: Tau®= 0.06; Chi*=10.05, df= 7 (P = 0.19); F= 30% 2 1 1 2

Testfor overall effect Z=2.52 (P = 0.01)
Test for subgroup differences: Chi*=1.29, df=2(P=052), F=0%
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6 LLLT Control Std. Mean Difference Std. Mean Difference G
7 Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI g
4.1.1 LLLT vs placebo
8 Matias 2015, LLLT vs placebo LLLT in PF 115 2568 37 102 21 32 31.2% 0.05 -0.42,0,53] —_—— o
Naterstad, LLLT+ET+CT v$ placebo LLLT+ET+CT in AT 203 172 20 1.44 3M 21 19.0% 0.23(-0.39,0.84] —_— 1T QD
9 Stergioulas 2003, LLLT vs placebo LLLT in PT 55 804 18 25 1371 17 162% 0.26 [-0.40, 0.93) —_— n
Basford 1998, LLLT vs placebo LLLT in PF 25 3067 15 75 2206 13 129% 0.35-0.39,1.10] f—— [N
10 Subtotal (95% CI) 90 83 79.3% 0.19 [-0.11,0.49] - o
Heterogeneity Tau®= 0.00; Chi*= 0.56, df= 3 (P = 0.91); F= 0% T
Testfor overall effect 2=1.22 (P = 0.22) a [
11 2 w
4.1.2 LLLT vs no intervention (9] (o]
12 Cinar 2017, LLLT+S+1v5 S+l in PF 223 148 27 123 121 22 207% 0.82[0.24,1.41] —_— Q o
Subtotal (95% C) 27 22 207% 0.82[0.24,1.41) —— o 3
1 3 Heterogeneity: Not applicable o —_—
Testfor overall effect Z=2.75 (P = 0.006) S
14 g T
Total (95% CI) 17 105 100.0% 0.32[0.05,0.59] - < (93}
15 Heterogeneity. Tau?= 0.00; ChP’= 4.16, df= 4 (P = 0.39); P= 4%  E—r 51 Q 35
Test for overall effect Z= 2.29 (P = 0.02) ) s o N
‘| 6 Testfor subgroup differences: Chi* = 3.60, df=1 (P = 0.06), F=72.2% Favours control Favours LLLT E o
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LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% C1
5.1.1 Recommended LLLT dose vs placebo
Darre 1994, LLLT vs placebo LLLT in AT 405 37N 46 52 3437 43 109% -11.50[-26.52,352] o
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 299 10 172 1775 10 B82% 5401615, 2695) T
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CTin AT 289 2918 20 1154 3509 21 89% 17.36[-2.36 37.08] T
Kiritsi 2010, LLLT ¥5 placebo LLLT in PF 40 203 25 18 88 25 138% 2200[13.31,3069] s
Lamba 2013, LLLT+Svs placebo LLLT+S in PF 32 53 40 83 53 40 76% 2370(047 46.93]
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 248 25 26 o 25 26 116% 2480([11.21,3839) -
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 T1.04 18 6.4 1239 17 4.9% 2010[-4.24,62.44] T
Subtotal (95% Cl) 185 182 65.7% 14.98 [3.74,26.22] -

Heterogeneity: Tau®= 140.53; Chi*= 18.27, df= 6 (P = 0.006), F= 67%
Test for overall eflect Z= 2.61 (P = 0.009)

5.1.2 Non-recommended LLLT dose vs placebo

Turnilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 200 140% -300F11.17,517] =
Subtotal (95% CI) 20 20 14.0% -3.00[11.17,5.17] L 3
Heterogeneity: Not applicable

Test for overall effect Z=0.72 (P = 0.47)

5.1.3 Unknown LLLT dose vs placebo

Basford 1998, LLLT vs placebo LLLT in PF 344 4558 16 261 2926 15 64% 8301850, 3510 I —
Macias 2015, LLLT vs placebo LLLT in PF 198 2249 37 87 1456 32 138% 11.10(2.27,19.93] ——
Subtotal (95% CI) 53 4T 202% 10.83[2.44,19.21] <&
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P = 0.85), F=0%

Test for overall eflect Z= 253 (P = 0.01)

Total (95% CI) 258 249 100.0% 11.48[2.68, 20.28] >
Heterogeneity: Tau®=126.14; Chi*= 32.84, df= 9 (P = 0.0001), F= 73% Koo e = T00

Test for overall eflect Z= 2.56 (P = 0.01)

. Favours placebo Favours LLLT
Test for subgroup differences: Chi*= 8.38, df=2 (P=0.02), F=76.1%
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LLLT Control Mean Difference Mean Difference

Study or Subgroup Mean _SD Total Mean SD_Total Weight IV, Random, 95% CI v, 95% CI
Liu 2014, LLLT+ET vs ET in PT 62.86 10.4 7 46.43 10.69 7 474% 16.43 [5.38, 27.48] —&—
Cinar 2018, LLLT+S+l vs S+l in PF 38 249 24 20 25.28 17 23.7% 18.00 [2.39, 33.61] L
Cinar 2017, LLLT+S+| vs S+l in PF 38.8 286 27 177 2192 22 289%  21.10[6.95, 35.25] - &
Total (95% Cl) 58 46 100.0% 18.15 [10.55, 25.76] -

ity 2= - Chiz = = = - 12 = 0% k + + J
Heterogeneity: Tau? = 0.00; Chi*=0.26, df =2 (P = 0.88); I = 0% 's0 25 25 50

Test for overall effect: Z = 4.68 (P < 0.00001)
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LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
9.3.1 Recommended LLLT dose vs other intervention
Liu 2014, LLLT vs ET in PT 5286 122 7 46.43 10.69 7 202% 6.43 [-5.59, 18.45] 1T
Cinar 2018, LLLT+S+| vs ESWT+S+l in PF 38 249 24 16 231 25 185%  22.00 [8.54, 35.48] —
Subtotal (95% CI) 31 32 38.7% 13.91[-1.34, 29.15] e
Heterogeneity: Tau® = 78.83; Chi* = 2.86,df = 1 (P = 0.09); I’ = 85%
Test for overall effect: Z=1.79 (P = 0.07)
9.3.2 Unknown LLLT dose vs other intervention
Sanmak 2019, LLLT vs ESWT in PF 10 20.16 17 10 19.23 17 18.8% 0.00[-13.24, 13.24] -
Elsehrawy 2018, LLLT+S vs ESWT+S in PF 57 1545 23 46 1545 23 239% 11.00 [2.07, 19.93] -
Koteeswaran 2020, LLLT+S vs TU+S in PF 354 256 15 74 6.01 15 18.7% 28.00 [14.69, 41.31] —
Subtotal (95% CI) 55 55 61.3% 12.88 [-1.29, 27.04] e
Heterogeneity: Tau? = 120.11; Chi* = 8.74, df = 2 (P = 0.01); F = 77%
Test for overall effect: Z = 1.78 (P = 0.07)
Total (95% CI) 86 87 100.0%  13.23 [4.07, 22.39) e
Heterogeneity: Tau? = 70.74; Chi* = 11.63, df = 4 (P = 0.02); I* = 6% 50 25 25 50

Test for overall effect: Z = 2.83 (P = 0.005)
Test for subgroup differences: Chi? = 0.01, df = 1 (P =0.92), P = 0%
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PubMed database search string
("Low-Level Light Therapy"[Mesh] OR LLLT|[Title/Abstract] OR “low level”[Title/Abstract] OR “low

power”’[Title/Abstract] OR laser therap*[Title/Abstract] OR “laser acupuncture”[ Title/Abstract] OR
“HeNe”[Title/Abstract] OR “632 nm”[Title/Abstract] OR “Ga-Al-As”[Title/Abstract] OR “820
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nm”’[Title/Abstract] OR “830 nm”[Title/Abstract] OR “850 nm”[Title/Abstract] OR “GaAs”’[Title/Abstract]
OR “904 nm”[Title/Abstract] OR Photobiomodulation[Title/Abstract] OR phototherap*[Title/Abstract]) and
("Tendinopathy"[Mesh] or tendi*[Title/Abstract] or tendo*[Title/Abstract] or “plantar
fasciitis”[ Title/Abstract] or "Fasciitis, Plantar"[Mesh] or “Policeman's Heel’[Title/Abstract] or "lliotibial
Band Syndrome"[Mesh] or Iliopsoas tendi*[Title/Abstract] or Jumper*[Title/Abstract] or
Patella[Title/Abstract] or Achill*[Title/Abstract] or "Achilles Tendon"[Mesh])

Table of excluded full text articles

Author/Year/Reference

Reasons for exclusion

Abat et al. 2016*

Impossible to isolate effect, combined treatments compared with other treatment

Aigner et al. 19962

No control group

Ashok et al. 2018°

Lacks randomisation

Atik et al. 20184

Commentary only

Bjordal et al. 2006°

Outcomes of interest not reported

Chang et al. 2015°

Outcomes of interest not reported

Cinar et al. 20137

Conference paper only (author contacted)

Cinar et al. 20128

Solely abstract available

Costantino et al. 2005°

Not LLLT, high intensity laser therapy

Coughlin et al. 20141°

Solely abstract available

Fernandes et al. 19911?

Mixed population with unclear inclusion of diagnosis

Foley et al. 2016

Not LLLT, light emitting diode therapy

Jastifer et al. 201413

No control group

Logdberg-Andersson et al. 1994

Only pooled data on lower and upper extremity available

Mardh et al. 2016%°

Not LLLT, high intensity laser therapy

Meier et al. 198816

Outcomes of interest not reported

Morimoto et al. 20137

No control group

Mulcahy et al. 19958

Lacks credible control group, includes only 3 patients with tendinopathy

Notarnicola et al. 2014%°

Not LLLT, high intensity laser therapy

Olivera et al. 2009%° Animal study

Orellana-Molina et al. 2010% Outcomes of interest not reported
Saxena et al. 2015% Not LLLT

Scott et al. 2011% Review

Siebert et al. 19872

Mixed population/diagnoses

Simunovic 19962

Narrative review

Suleymanoglu et al. 20142

Conference abstract

Takla et al. 201977

Used a combination of LLLT and light emitting diode therapy

Tumilty et al. 2015%

Conference abstract

Tumilty et al. 2016%°

Not LLLT, high intensity laser therapy

LLLT, low-level laser therapy.
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Pain at follow-ups 4-8 weeks after completed therapy - LLLT versus placebo

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.1.1 Recommended LLLT vs placebo
Materstad, LLLT+ET+CT w5 placebo LLLT+ET+CT in AT 26.59 326.468 20 22499 2918 21 14.4%  360[16.68, 232.88] e
Tumilty 2008, LLLT+ET vs placeho LLLT+ET in AT 2089 N.73 10 20 20 10 12.6% 10.90[12.35 34.158] N B
Sternioulas 2008, LLLT+ET w5 placebo LLLT+ET in AT 179 266 20 0 266 20 16.9% 17.90[1.41, 34.29] —
Stergioulas 2003, LLLT vs placebo LLLT in PT BO6 88.47 18 17.3 21.87 17 5.7% 43.20[1.08, 85.52]
Subtotal (95% CI) 68 68 49.6% 14.00 [2.81, 25.19] -
Heterogeneity: Tau®=6.48; Chi*= 314, df =3 (P=037); F=5%
Test for overall effect Z=2.45 (P=0.013
6.1.2 Non-recommended LLLT vs placebo
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 15 11.75 20 15 12.82 20 23.4% 0.00 F7.62, 7.62] -
Subtotal (95% CI) 20 20 23.4% 0.00 [-7.62, 7.62] <

Heterogeneity: Mot applicable
Test for overall effect Z=0.00 (P =1.000

6.1.3 Unknown LLLT dose vs placebo

Basford 1998, LLLT vs placebo LLLT in PF 374 62487 15 194 6182 13 5.0% 18.00[258.21, 64.21] I
Macias 2015, LLLT vs placebo LLLT in PF 296 244 ar 9.4 16 320 220% 24.20([14.45 3389 —
Subtotal (95% CI) 52 45  26.9% 23.94 [14.39, 33.48] -

Heterogeneity: Tau®=0.00; Chi*=0.07, df=1 (P=080); F=0%
Test for owerall effect =4 92 (P = 0.00001)

Total {95% CI) 140 133 100.0%  13.62 [2.18, 25.06] -
Heterogeneity: Tau®= 130.26; Chi*= 18.51, df= 6 (P = 0.005) = 65%
Test for overall effect Z= 233 (P =002

Test for subgroup differences: Chi*=15.28 df= 2 (F = 0.0005), F= 86.9%

Figure S1: Pain at follow-ups 4-8 weeks after completed therapy - LLLT versus placebo

AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise
therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S,
stretching; TU, Therapeutic Ultrasound.

| | | |
80 25 0 25 &0
Favours placebo Favours LLLT

Pain at follow-ups 8 weeks after completed therapy - LLLT versus no intervention

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Cinar 2018, LLLT+S+lys S+l in PF 44 1605 24 27 2917 17 70.0% 17.00[0.35 34.349] ——
Cinar 2017, LLLT+S+lys S+l in PF 441 61.76 27 18.2 3014 22 30.0% 2590058 52.38] =
Total (95% CI) 51 39 100.0% 19.67 [5.16, 34.18] e
Heterogeneity: Tau®=0.00; Chi*=0.30, df=1 {P=048), F= 0% t

-50 .75 0 25 50

Test for overall effect 2= 266 (F=0.008) Favours confrol  Favours LLLT

Figure S2: Pain at follow-ups 8 weeks after completed therapy - LLLT versus no intervention
ET, exercise therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; S, stretching.

Pain at follow-ups 4-12 weeks after completed therapy - LLLT versus other interventions

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

10.3.1 Recommended LLLT dose vs other intervention
Ulusoy 2017, LLLT+ET+S ws ESWT+ET+S in PF 39.4 4041 8 386 444 20 7.8%  080[-33.30, 34.90]

Ulugoy 2017, LLLT+ET+S ws TU+ET+S in PF 394 4041 9 31 e 17 9.8%  840[22.02 38.82]
Cinar 2018, LLLT+S+| v ESWT+S+l in PF 44 249 24 22 3513 26 26.1% 22.00[5.00,39.00] - =
Subtotal (95% CI) # 62 43.5% 15.90 [2.30, 29.51] —

Heterogeneity: Tau®=0.00; Chi*=1.48 df=2 (P=048), F=0%
Testfor overall effect Z=2.28 {(P=0.02)

10.3.3 Unknown LLLT dose vs other intervention
Sanmak 2019, LLLT vs ESWT in PF 20 3264 17 30 39.76 17 14.3% -1000[-34.45 14.45] i R
Yuzer 2006, LLLT vs steroid injection in PF 48 229 26 38 2332 30 42.2%  10.00F2.13,22173] -
Subtotal (95% CI) 43 47  56.5%  2.93 [-15.80, 21.67] e —
Heterogeneity: Tau®=103.01; Chi®= 2.06, df=1 (P =0158), F=52%
Test for overall effect: 2= 0.31 (P = 0.76)

Total (95% Cl) 84 109 100.0%  9.41 [-0.44, 19.26] o

Heterogeneity: Tau®= 21.549; Chi*= 4.77 df=4 (P =031}, F= 16%
Test for overall effect: £=1.87 {F = 0.06)
Testfor subgroup differences: Chi*=1.21,df=1 (F=0.27), F=17.0%

Figure S3: Pain at follow-ups 4-12 weeks after completed therapy - LLLT versus other interventions
AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise
therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S,
stretching; TU, Therapeutic Ultrasound.

Favours control  Favours LLLT
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Disability immediately after completed therapy - LLLT versus placebo

Control

LLLT

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI| IV, Random, 95% CI
7.1.1 Recommended LLLT dose vs placebo

Stergioulas 2003, LLLT vs placeho LLLT in PT 2.2 1631 18 1.7 1213 17 33.0% 0.03[0.63, 0.70] I —
Materstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 1.7 1749 20 067 27H 21 3T T% 043019, 1.08] -
Subtotal (95% Cl) 38 38 70.8% 0.25[-0.2, 0.70] il
Heterogeneity: Tau®=0.00; Chi*=0.74, df=1 {P =038}, F= 0%

Testfor overall effect: Z=1.07 (P = 0.29)

7.1.3 Unknown LLLT dose vs placebo

Basford 1998, LLLT vs placeho LLLT in PF 45 21.54 16 248 18.46 15 29.2% 010061, 0.80] I | —
Subtotal {95% CI) 16 15  29.2% 0.10 [-0.61, 0.80] —e———
Heterogeneity: Mot applicable

Testfor overall effect: Z=0.27 (P=0.79)

Total (95% CI) a4 53 100.0% 0.20 [-0.18, 0.58]

Heterogeneity: Tau®= 0.00; Chi*= 0.86, df= 2 (P = 0.65), F=0%
Testfor overall effect Z=1.04 (P =0.30)
Testfor subgroup differences: Chi*=012, df=1 (P=0.73), F=0%

S

,
-1 0 1
Favours placebo Favours LLLT

Figure S4: Disability immediately after completed therapy - LLLT versus placebo

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF,
plantar fasciitis; PT, patellar tendinopathy.

Disability at follow-ups 4-8 weeks after completed therapy - LLLT versus placebo

SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

LLLT Control
Study or Subgroup Mean SD Total Mean
8.1.1 Recommended LLLT dose vs placebo
MNaterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 203 1.72 20 144 3N
Stergioulas 2003, LLLT vs placeba LLLT in PT 545 804 18 28 1371
Subtotal (95% CI) 38
Heterogeneity: Tau®= 0.00; Chi*=0.01, df=1 (P =094, F= 0%
Testfor overall effect: Z=1.06 (P = 0.29)
8.1.3 Unknown LLLT dose vs placebo
Macias 2015, LLLT vs placebo LLLT in PF 11.5 2568 37102 21
Basford 1998, LLLT vs placebo LLLT in PF 2.5 3067 15 -7.5 2296
Subtotal (95% CI) 52
Heterogeneity: Tau®= 0.00; Chi*=0.44, df=1 {P=0513 F=0%
Testfor overall effect: Z= 065 (P = 0.49)
Total {95% Cl) 90

Heterogeneity: Tau®= 0.00; Chi*= 056, df= 3 (P =091, F=0%
Testfor overall effect =122 {P=0.22%)
Testfor subgroup differences: Chi= 011, df=1 (P=073), F=0%

21
17
38

3z
13
45

a3

23.8%
20.2%
44.0%

40.1%
16.0%
56.0%

100.0%

0.23[-0.39,0.84]
0.26 [-0.40, 0.93]
0.24 [-0.21,0.70]

0.05[-0.42,0.53]
0.35 [-0.39,1.10]
0.14 [-0.26, 0.54]

0.19 [-0.11, 0.49]

e
S S —

~i——

=

-,

1 0.5 0 05 1
Favours placebo Favours LLLT

Figure S5: Disability at follow-ups 4-8 weeks after completed therapy - LLLT versus placebo

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF,
plantar fasciitis; PT, patellar tendinopathy.

Disability immediately after completed therapy - LLLT versus other interventions

LLLT

Control

Std.

Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 85% CI IV, Random, 95% CI

11.3.1 Recommended LLLT dose vs other intervention

Liu 2014, LLLTws ETin PT 25 6.4 T 2371 583 7 25.0% 0.20 [-0.85, 1.28]

Subtotal (95% CI) 7 T 25.0% 0.20 [-0.85, 1.25]

Heterogeneity: Mot applicable

Test for overall effect: Z= 037 (P=0.71)

11.3.2 Unknown LLLT dose vs other intervention

Elzehrawy 2018, LLLT+5 vs ESVWT+5 in PF 347 514 23 328 4977 23 ME% 0.26 [-0.32, 0.85] —T
Koteeswaran 2020, LLLT+Svs TU+S in PF - 26.94 189.45 15 8.07 483 18 33.1% 1.28[0.48, 2.07] L —
Subtotal (95% CI) 38 38 75.0% 0.73[-0.26,1.72] — e
Heterogeneity: Tau®= 0389, ChifF=4.07 dfi=1{(P=004), F=75%

Testfor overall effect: Z=1.45 (P =0.145)

Total (95% CI) 45 45 100.0% 0.58 [-0.11,1.27] 1o
Heterogeneity: Tau?=0.21; Chi= 4 59, df= 2 (P = 010%; PF= 56% ! 5 1’ é

Test for overall effect: Z=1.66 (P =0.10)
Test for subgroup differences: Chi*= 083, df=1 (P =047, F=0%

Favours contral  Favours LLLT

Figure S6: Disability immediately after completed therapy - LLLT versus other interventions

ET, exercise therapy; ESWT, Extracorporeal Shock Wave Therapy; LLLT, Low-Level Laser Therapy; PF,

plantar fasciitis; PT, patellar tendinopathy; S, stretching; TU, Therapeutic Ultrasound.
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Disability immediately after completed therapy - LLLT versus no intervention

LLLT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Cinar 2017, LLLT+S+lvs S+lin PF 114 1.422 27 086 145 22 G0.2% 0.19 [-0.37, 0.76]
Liu 2014, LLLT+ETvs ET in FT 37.71 1177 7 2371 583 7 30.8% 141 [0.20, 2.63] —a—
Total (95% CI) 34 29 100.0% 0.68 [-0.49, 1.85]

Heterogeneity: Tau®=0.51; Chi®*= 318, df=1 (F = 0.07); F= 65% 35 B b ] 1
Testfor overall efiect Z=1.14 (F = 0.28) Favours no intervention Favours LLLT
Figure S7: Disability immediately after completed therapy - LLLT versus no intervention

ET, exercise therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar

tendinopathy; S, stretching.

Disability at follow-up 9 weeks after completed therapy - LLLT versus no intervention

LLLT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CIl IV, Random, 95% CI
Cinar 2017, LLLT+S+lws S+lin PF 223 1.8 F 123 1 22 100.0% 0.82[0.24 1.41]
Total (95% CI) 27 22 100.0% 0.82 [0.24, 1.41] ——en i ——
Heterogeneity: Mot applicable _11 —IJ'.S b DTS 1-

Testfor overall effect Z=2.75 (P = 0.006)

Figure S8: Disability at follow-up 9 weeks after completed therapy - LLLT versus no intervention
ET, exercise therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar
tendinopathy; S, stretching.

Favours no intervention Favours LLLT

Sensitivity analyses

Allocating the study by Darre et al. 1994 to the unknown laser dose subgroup eliminates the statistical
heterogeneity in the recommended laser dose subgroup and increases the estimate of placebo-controlled pain
reduction to 21.12 mm VAS ((95% ClI: 14.94 to 27.31), 12 = 0%, N = 278) immediately after completed
therapy (Figure S9).

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.1.1 Recommended LLLT dose vs placebo
Darre 1994, LLLT vs placebo LLLT in AT 40.5 37.91 46 52 3437 43 0.0% -11.50 [-26.52, 3.52]
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 299 10 17.2 17.75 10 8.2%  5.40[-16.15, 26.95] I
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 289 29.18 20 11.54 35.09 21 8.9% 17.36 [-2.36, 37.08] T =
Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 8.9 25 13.8% 22.00([13.31, 30.69] =
Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 8.3 53 40 7.6% 23.70 [0.47, 46.93] =
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 24.8 25 26 0 25 26 11.6% 24.80[11.21, 38.39] —
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 71.04 18 6.4 12.39 17 49% 2910 [-4.24, 62.44) 7
Subtotal (95% CI) 139 139 54.8% 21.12[14.94, 27.31] L 2

Heterogeneity: Tau? = 0.00; Chi2 =277, df =5 (P = 0.74); 12 = 0%
Test for overall effect: Z = 6.69 (P < 0.00001)

5.1.2 Non-recommended LLLT dose vs placebo

Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 20 140% -3.00[11.17, 5.17] =
Subtotal (95% CI) 20 20 14.0%  -3.00 [11.17, 5.17] &>

Heterogeneity: Not applicable
Test for overall effect: Z = 0.72 (P = 0.47)

5.1.3 Unknown LLLT dose vs placebo

Darre 1994, LLLT vs placebo LLLT in AT 40.5 3781 46 52 34.37 43 109% -11.50[-26.52, 3.52] T
Basford 1998, LLLT vs placebo LLLT in PF 344 4558 16 26.1 29.26 15 6.4%  8.30[-18.50, 35.10] D B
Macias 2015, LLLT vs placebo LLLT in PF 19.8 2249 37 8.7 14.56 32 13.8% 11.10 [2.27, 19.93] —
Subtotal (95% CI) 99 90 31.1% 2.58 [-13.60, 18.75] e

Helerogeneity: Tau? = 135.31; Chi? = 6.51, df = 2 (P = 0.04); 1> = 69%
Test for overall effect: Z = 0.31 (P = 0.75)

Total (95% CI) 258 243 100.0% 11.48 [2.68, 20.28] L 4
it 2 = . 12 = = = 2 = 0, I } }
-I;Ieier;ogene\tyl.l T?fu -;2_6:?1;(:2._-0302.34, df =9 (P =0.0001); > =73% ‘—100 —t';D o 5.0 100
est for averall e egl_ =258 o Qi Favours placebo  Favours LLLT

Test for subgroup differences: Chi* = 22.55, df = 2 (P < 0.0001), I? = 81.1%

Figure S9: Alternative LLLT dose subgrouping
AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF,
plantar fasciitis; PT, patellar tendinopathy; S, stretching.
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Risk-of-bias within studies post-hoc analyses

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
17.1.1 Blinded assessor
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 7.45 20 21.1% -3.00 [-11.17, 5.17] —=
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 299 10 17.2 17.75 10 11.0% 5.40[-16.15, 26.95] 1
Basford 1998, LLLT vs placebo LLLT in PF 34.4 4558 16  26.1 29.26 15 8.4% 8.30[-18.50, 35.10] N
Macias 2015, LLLT vs placebo LLLT in PF 19.8 2249 37 8.7 14.56 32 206%  11.10[2.27, 19.93] —_—
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 289 29.18 20 11.54 35.09 21 121% 17.36 [-2.38, 37.08] T -
Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 8.9 25 20.7% 22.00[13.31, 30.69] —=
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 71.04 18 6.4 12.39 17 6.2% 29.10 [-4.24, 62.44] - -
Subtotal (95% CI) 146 140 100.0%  11.38 [1.85, 20.91] e
Heterogeneity: Tau? = 84.57; Chi? = 19.09, df = 6 (P = 0.004); I> = 69%
Test for overall effect: Z = 2.34 (P = 0.02)
17.1.3 Un-blinded assessor
Darre 1994, LLLT vs placebo LLLT in AT 405 37.91 46 52 34.37 43 34.8% -11.50[-26.52, 3.52] —
Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 8.3 53 40 29.7%  23.70[0.47, 46.93] &
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 24.8 25 26 0 25 26 355% 24.80[11.21, 38.39] —
Subtotal (95% CI) 112 109 100.0% 11.86 [-13.50, 37.21] —"—
Heterogeneity: Tau? = 422.80; Chi* = 13.73, df =2 (P = 0.001); I = 85%
Test for overall effect: Z = 0.92 (P = 0.36)

25 0 25 50

Test for subgroup differences: Chi* = 0.00, df = 1 (P =0.97), P =0%

Figure S10: Blinded versus unblinded assessor

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF,

plantar fasciitis; PT, patellar tendinopathy; S, stretching.

Favours placebo Favours LLLT

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
19.1.1 Blinded therapist
Darre 1994, LLLT vs placebo LLLT in AT 40.5 37.91 46 52 34.37 43  19.9% -11.50[-26.52, 3.52] -
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 17.1 20 9 745 20 23.6% -3.00 [-11.17, 5.17] — =
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 29.9 10 17.2 17.75 10 16.1% 5.40[-16.15, 26.95] 1
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 289 29.18 20 11.54 35.09 21 171%  17.36 [-2.36, 37.08] T
Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 8.9 25 234% 22.00[13.31,30.69] —
Subtotal (95% CI) 121 119 100.0%  5.98 [-8.14, 20.10] e
Heterogeneity: Tau® = 202.36; Chi* = 24.10, df = 4 (P < 0.0001); I* = 83%
Test for overall effect: Z=0.83 (P = 0.41)
19.1.3 Un-blinded therapist
Basford 1998, LLLT vs placebo LLLT in PF 344 45.58 16 26.1 29.26 15 6.6% 8.30[-18.50, 35.10] - 1
Macias 2015, LLLT vs placebo LLLT in PF 19.8 2249 37 8.7 14.56 32 55.3% 11.10[2.27, 19.93] ——
Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 8.3 53 40 8.8% 23.70[0.47, 46.93] -
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 248 25 26 0 25 26 24.9% 24.80[11.21,38.39] —
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 71.04 18 6.4 12.39 17 4.3% 29.10 [-4.24, 62.44] 1
Subtotal (95% CI) 137 130 100.0% 16.21 [9.26, 23.16] <@
Heterogeneity: Tau? = 2.44; Chi* = 4.13, df = 4 (P = 0.39); I’ = 3%
Test for overall effect: Z = 4.57 (P < 0.00001)

50 25 0 25 50

Test for subgroup differences: Chi? = 1.62, df = 1 (P = 0.20), I? = 38.4%

Figure S11: Blinded versus unblinded therapist

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF,

plantar fasciitis; PT, patellar tendinopathy; S, stretching.

Favours placebo Favours LLLT
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1 . . . . .
5 There was almost no difference between the pain point estimates of the random and fixed effects models
ain immediately after the end of therapy), that is, 11.48 mm versus 10.21 mm VAS, indicating that no
3
4 small study bias exists (Figures S12 and S13).
5 LLLT Control Mean Difference Mean Difference
6 Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7 5.1.1 Recommended LLLT dose vs placebo
Darre 1994, LLLT vs placebo LLLT in AT 405 37.91 46 52 34.37 43  10.9% -11.50[-26.52, 3.52] -
8 Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 2286 299 10 17.2 17.75 10 8.2% 5.40[-16.15, 26.95] e
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 289 29.18 20 1154 3509 21 8.9%  17.36[-2.36, 37.08) T
9
Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 8.9 25 13.8% 22.00[13.31, 30.69] —
1 O Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 8.3 53 40 7.6% 23.70[0.47, 46.93]
11 Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 24.8 25 26 0 25 26 11.6% 24.80[11.21, 38.39] —
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 71.04 18 6.4 12.39 17 4.9%  29.10 [-4.24, 62.44] T
12 Subtotal (95% CI) 185 182 65.7% 14.98 [3.74, 26.22] <
13 Heterogeneity: Tau? = 140.53; Chi2 = 18.27, df = 6 (P = 0.006): I* = 67%
Test for overall effect: Z=2.61 (P = 0.009)
14
15 5.1.2 Non-recommended LLLT dose vs placebo
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 20 14.0%  -3.00[-11.17,5.17] —
16 Subtotal (95% CI) 20 20 14.0% -3.00[-11.17, 5.17] <
17 Heterogeneity: Not applicable
Test for overall effect: Z=0.72 (P = 0.47)
18
5.1.3 Unknown LLLT dose vs placebo
19 Basford 1998, LLLT vs placebo LLLT in PF 344 4558 16 261 2926 15 6.4% 8.30[-18.50, 35.10] I
20 Macias 2015, LLLT vs placebo LLLT in PF 19.8 2249 37 87 1456 32 13.8%  11.10[2.27,19.93] —
Subtotal (95% CI) 53 47  202%  10.83 [2.44, 19.21] &
21 Heterogeneity: Tau® = 0.00; Chi* = 0.04, df = 1 (P = 0.85); 1* = 0%
22 Test for overall effect: Z=2.53 (P = 0.01)
23 Total (95% CI) 258 249 100.0%  11.48 [2.68, 20.28] L 2
. 2= . Chiz = - - <12 = 739 t t t d
24 _?I-_Iet?rfngeneuly‘_lT:u : ;2_6-27‘;,6(:2_ 03021.84‘ df =9 (P =0.0001); = 73% 100 50 0 50 100
25 est for overall eflect: £ = 2. ( o ) . Favours placebo  Favours LLLT
Test for subgroup differences: Chi? = 8.38, df = 2 (P =0.02), 2=76.1%
26 . 3
5,  Figure S12: Random effects meta-analysis model
28 AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF,
29  plantar fasciitis; PT, patellar tendinopathy; S, stretching.
30
31
32
33 LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
34 5.1.1 Recommended LLLT dose vs placebo
35 Darre 1994, LLLT vs placebo LLLT in AT 40.5 37.91 46 52 3437 43  7.4% -11.50[-26.52, 3.52] T
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 299 10 17.2 17.75 10 3.6% 5.40[-16.15, 26.95] I
36 Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 28.9 2918 20 11.54 35.09 21 4.3% 17.36 [-2.36, 37.08] T
37 Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 8.9 25 22.2% 22.00[13.31, 30.69] —
Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 83 53 40 3.1% 23.70(0.47, 46.93] I —
tergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 24.8 25 26 o] 25 26 9.1% 24.80[11.21, 38.39] -
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 71.04 18 6.4 12.39 17 1.5% 29.10 [-4.24, 62.44] T
39
Subtotal (95% CI) 185 182 51.2% 16.39 [10.67, 22.11] L 2
40 Heterageneity: Chi? = 18.27, df = 6 (P = 0.006); I> = 67%
Test for overall effect: Z = 5.62 (P < 0.00001)
41
42 5.1.2 Non-recommended LLLT dose vs placebo
43 Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 20 25.0% -3.00[-11.17,5.17] :
Subtotal (95% CI) 20 20 25.0% -3.00[-11.17,5.17]
44 Heterogeneity: Not applicable
45 Test for overall effect: Z=10.72 (P =0.47)
46 5.1.3 Unknown LLLT dose vs placebo
Basford 1998, LLLT vs placebo LLLT in PF 34.4 45.58 16 26.1 29.26 15 2.3% 8.30[-18.50, 35.10] -
47
Macias 2015, LLLT vs placebo LLLT in PF 19.8 2249 37 8.7 14.56 32 215% 11.10([2.27, 19.93] =
48 Subtotal (95% CI) 53 47 23.8% 10.83[2.44, 19.21] <>
49 Heterogeneity: Chi* = 0.04, df = 1 (P = 0.85); I’ = 0%
Test for overall effect: Z=2.53 (P =0.01)
50
51 Total (95% Cl) 258 249 100.0% 10.21[6.12, 14.30] ¢
Heterogeneity: Chi? = 32.84, df = 9 (P = 0.0001); I* = 73% f t ! !
52 Test f Il effect: Z = 4.89 (P < 0.0000 -100 -0 0 50 100
est for overall e ec_:t. = (l <0 1) Favours placebo  Favours LLLT
53 Test for subgroup differences: Chi* = 14.54, df = 2 (P = 0.0007), I = 86.2%
54  Figure S13: Fixed effects meta-analysis model
55 AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF,
g? plantar fasciitis; PT, patellar tendinopathy; S, stretching.
58
59
60
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Risk-of-bias between studies - funnel plot
Funnel plot of pain results immediately after completed therapy indicating that publication bias is absent
(Figure S14).
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Figure S14: Funnel plot
LLLT, Low-Level Laser Therapy; MD, mean difference; SE, standard error.
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Structured 2 | Provide a structured summary including, as applicable: background; Page 1
summary objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic
review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already | Page 2-3
known.
Objectives 4 | Provide an explicit statement of questions being addressed with Page 3
reference to participants, interventions, comparisons, outcomes, and
study design (PICOS).
METHODS
Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed Page 1
registration (e.g., Web address), and, if available, provide registration information
including registration number.
Eligibility 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and Page 3
criteria report characteristics (e.g., years considered, language, publication
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included in systematic review, and, if applicable, included in the
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review.

Risk of bias 15 | Specify any assessment of risk of bias that may affect the Page 3 and 10
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Study selection 17 | Give numbers of studies screened, assessed for eligibility, and Page 4 + figure 1
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the citations.
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Synthesis of 21 | Present results of each meta-analysis done, including confidence Page 7-10 and figure 2-
results intervals and measures of consistency. 8 + supplementary
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Risk of bias 22 | Present results of any assessment of risk of bias across studies (see | Page 10
across studies Item 15).
Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or Page 10 and
analysis subgroup analyses, meta-regression [see Item 16]). supplementary material
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence for | Page 11-13
evidence each main outcome; consider their relevance to key groups (e.g.,
healthcare providers, users, and policy makers).
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and at review-level (e.g., incomplete retrieval of identified research,
reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other | Page 13
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Abstract

Objectives We investigated the effectiveness of low-level laser therapy (LLLT) in lower extremity
tendinopathy and plantar fasciitis on patient-reported pain and disability.

Design Systematic review and meta-analysis.

Data sources Eligible articles in any language were identified through PubMed, Embase and
Physiotherapy Evidence Database (PEDro) on the 20™ August 2020, references, citations and
experts.

Eligibility criteria for selection of studies Only randomised controlled trials involving participants
with lower extremity tendinopathy or plantar fasciitis treated with LLLT were included.

Data extraction and synthesis Random effects meta-analyses with dose subgroups based on the
World Association for Laser Therapy (WALT) recommendations were conducted. Risk-of-bias was
assessed with the PEDro scale.

Results LLLT was compared with placebo (10 trials), other interventions (5 trials) and as an add-on
intervention (3 trials). The study quality was moderate to high.

Overall, pain was significantly reduced by LLLT at completed therapy (13.15 mm Visual Analogue
Scale (VAS; 95% CI: 7.83-18.48)) and 4-12 weeks later (12.56 mm VAS (95% CI: 5.69-19.42)).
Overall, disability was significantly reduced by LLLT at completed therapy (Standardised Mean
Difference (SMD) = 0.39 (95% CI: 0.09-0.7) and 4-9 weeks later (SMD = 0.32 (95% CI: 0.05-
0.59)). Compared with placebo-control, the recommended doses significantly reduced pain at
completed therapy (14.98 VAS mm (95% CI: 3.74-26.22)) and 4-8 weeks later (14.00 mm VAS
(95% CI: 2.81-25.19)). The recommended doses significantly reduced pain as an add-on to exercise
therapy versus exercise therapy alone at completed therapy (18.15 mm VAS (95% CI: 10.55-
25.76)) and 4-9 weeks later (15.90 mm VAS (95% CI: 2.3-29.51)). No adverse events were
reported.

Conclusion LLLT significantly reduces pain and disability in lower extremity tendinopathy and
plantar fasciitis in the short and medium term. Long-term data was not available. Some uncertainty
about the effect size remains due to wide confidence intervals and lack of large trials.

PROSPERO registration number CRD42017077511

Keywords Phototherapy; Laser therapy; Tendinopathy; Plantar Fasciitis; Systematic review; Meta-
analysis
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Strengths and limitations of this study

» This review was performed in conformance with a prospective published protocol, which
included a plan for subgrouping the trials by laser dose.

» There were no language restrictions; two (11%) of the included trials were reported in non-
English language.

» The review includes results from an unpublished trial.

» The review features meta-analyses with direct comparisons between low-level laser therapy
and placebo, other interventions, and no intervention.

» Only one reviewer extracted the data from the included trials, but the extracted data were
checked for correctness by another reviewer.

INTRODUCTION

Tendinopathy and plantar fasciitis are disorders associated with substantial pain and loss of function
in the lower extremity, especially prevalent in the athletic population but also common in the non-
athletic population[1-3]. The aetiology of tendinopathy and plantar fasciitis is multifactorial and not
fully understood. Risk factors for tendinopathy include overuse, acute trauma, ageing and genetic
predisposition[4, 5]. Known risk factors for plantar fasciitis are prolonged standing and jumping,
reduced ankle dorsiflexion and obesity[6-9]. Disorganised and degenerating collagen fibres,
increased numbers of fibroblasts, altered composition of extracellular matrix proteins, formation of
new vessels and rounding of tendon cells can be found in both tendinopathy and plantar fasciitis
[10, 11].

Conservative treatment for lower extremity tendinopathy and plantar fasciitis includes an
array of modalities and approaches. The effect of exercise therapy in tendinopathy is well-
established, and any exercise type is preferential to wait-and-see in the earlier stages of
tendinopathy [12]. However, a superiority of exercise therapy compared with other interventions
has not been demonstrated. The use of non-steroidal anti-inflammatory drugs (NSAIDs) are
frequently recommended in the early stages of tendinopathy and plantar fasciitis [13-15], even
though the effectiveness of these drugs in lower extremity tendinopathies has only been investigated
in a few placebo-controlled trials [16-20]. Moreover, NSAIDs have well known potentially fatal
side-effects, most importantly severe cardiovascular events and gastrointestinal toxicity [21]. Low-
level laser therapy (LLLT), also known as photobiomodulation therapy, is a quickly administered
non-invasive intervention option free from negative side-effects. LLLT is an athermic
photochemical modality, where red or near-infrared light is used to stimulate tissue healing and
reduce pain and inflammation [22-25]. The working mechanisms of LLLT are partly established.
There is evidence that LLLT increases adenosine triphosphate production[26], modulates the
reactive oxygen species and the induction of transcription factors[27-30]. Furthermore, it has been
demonstrated that LLLT inhibits cyclooxygenase-2 gene expression and prostaglandin E, (PGE,)
production in tendons[31, 32] and inhibits matrix metalloproteinase activity[32, 33]. In addition,
under application of LLLT, macrophages are more likely to act as phagocytes[34].

There are heterogeneous results from clinical trials of LLLT on tendinopathies, and this may
or may not be explained by a dose-response relationship[35-37]. Variation in LLLT parameters,
such as wavelength, power density, pulse structure, application method and time-point of
assessment may affect the treatment outcome. The World Association for Laser Therapy (WALT)
has published treatment recommendations regarding the minimum LLLT doses required to reach a
positive result[38, 39]. In a review by our research group regarding the effectiveness of LLLT in
knee osteoarthritis, a significant dose-response relationship was discovered when the included trials
were subgrouped using the WALT treatment recommendations for minimum dosage[40].
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Furthermore, in a more recent placebo-controlled trial, we found some evidence that an upper limit
for the effectiveness of LLLT exists in knee osteoarthritis[41]. These clinical observations are in
line with the results of several in vivo and in vitro trials[42-45]. Whether such biphasic dose-
response relationship exists in tendon disorders is unclear. Prior systematic reviews have
investigated LLLT in Achilles tendinopathy or plantar fasciitis[12, 46-51]. Unfortunately, these
reviews have one or more substantial limitations, such as a lack of a dose-response analysis[12], a
lack of inclusion of trials reported in non-English languages[46-50], or the faulty use of a fixed
effects meta-analysis model in the presence of highly heterogeneous studies[51]. Thus, the evidence
regarding the effectiveness of LLLT on pain and disability in lower limb tendinopathy and plantar
fasciitis is still somewhat unclear. Therefore, the objectives of the current review were to estimate
the effectiveness of LLLT in tendinopathy and plantar fasciitis on patient-reported pain and
disability using a dose-response analysis.

METHODS

This review was conducted in adherence to a prospectively registered PROSPERO protocol and is
reported in accordance with the Preferred Reporting Items of Systematic reviews and Meta-
Analysis statement 2009[52].

Literature search and selection of studies

We included randomised clinical trials in which the effectiveness of LLLT in tendon disorders of
the lower extremity or plantar fasciitis was compared with sham (placebo) LLLT, other
interventions or no intervention, in terms of self-reported pain and/or disability. There were no
restrictions regarding publication date and language.

A search for eligible reports of trials were conducted in the databases PubMed, Embase and
Physiotherapy Evidence Database (PEDro) on the 20t August 2020. Furthermore, references from
relevant systematic reviews[47, 49, 51, 53, 54] and all the included trials were screened, and experts
in the field were asked to provide additional published and unpublished trials. Abstracts were not
included. The PubMed search string is included in the supplementary material.

Two independent reviewers (IFN and MBS) read the titles/abstracts of the publications
identified by the search. Any article judged potentially eligible by a reviewer was retrieved in full
text. The same two reviewers evaluated the full texts of all the potentially eligible articles and made
a careful decision to include or exclude each article, with close attention to the eligibility criteria.
Any article not fulfilling the eligibility criteria was excluded and had its details listed with reason
for exclusion (supplementary material). Selection disagreements were resolved by discussion to
consensus with the option of a third person's (JJ) final decision if necessary.

Risk-of-bias analysis

Two reviewers (IFN and MBS) independently assessed the risk-of-bias of the included trials with
the 0-10 points PEDro scale[55]. This was done on outcome level, and since the outcomes of
interest were patient-assessed pain and disability, the participants were considered the assessors.
Therefore, the assessors can only be blinded in placebo-controlled trials. When risk-of-bias
disagreements could not be resolved by discussion, a third reviewer (JJ) made the final consensus-
based decision. The trials were labelled as being of ‘high’, ‘moderate’ or ‘poor’ methodological
quality if they had a total PEDro score of > 7, 5-6 or < 4, respectively[56]. Risk of small study bias
was assessed with a funnel plot and by comparing the difference between the point effect estimates
from random and fixed effects meta-analyses.

Data-extraction and meta-analysis
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Extraction of the following information was mandatory: number of participants allocated to laser
and control groups, participant characteristics, type and duration of interventions, laser-specific
application information (location of application, wavelength, energy density per treated spot,
number of spots treated, mean power density per treated spot, treatment time per spot, treated area,
laser sessions per week and total number of laser sessions, selected outcome measurement scales for
data-extraction, time-points of assessments, effect estimates and adverse events.

The data collection was handled in a two-person procedure by IFN and MBS. One reviewer
entered all the data in Excel sheets and the data were subsequently checked for correctness by
another reviewer. If data-extraction disagreements could not be resolved by discussion, a third
reviewer (JMB) made the final consensus-based decision.

All the meta-analyses were conducted using random effects models, weighting the
individual trial results relatively even when statistical heterogeneity is present[57].

The pain results were synthesised using the Mean Difference (MD) method as this method
allows for change and final scores to be combined[58]. Pain scores reported on the Visual Analogue
Scale (VAS) and on the Numeric Rating Scale highly correlates[59] and were thus considered the
same. Self-reported disability results were synthesised with the Standardised Mean Difference
(SMD) method using change scores solely[58]. According to Cohen, a SMD of 0.2, 0.5 and 0.8 can
be considered small, moderate and large, respectively [58].

Heterogeneity was measured using [>-statistics (inconsistency)[60]. An inconsistency level
of 25%, 50% and 75% would be considered low, moderate and high, respectively[61]. Standard
deviations (SD) for meta-analysis were extracted or estimated from other variance data in the
following prioritised order: SD, standard error, 95 % confidence interval, p-value, interquartile
range, median of correlations, visually from graph, correlation of 0.6 or mean of SDs from similar
trials.

Trials were subgrouped by laser dose using the WALT treatment recommendations[62, 63],
as specified in the a priori protocol. WALT recommends irradiating minimum of 2-3 points on the
tendon or fascia. In Achilles and patellar tendinopathy, the recommended dose with 904 nm
wavelength laser is minimum 2 joules per point. When utilizing 780-860 nm wavelength laser, the
minimum dose is 4 Joules per point. In plantar fasciitis, the recommended minimum dose is 2 joules
per point with a 904 nm wavelength laser or 4 joules per point with 780-860 nm wavelength laser.
We subgrouped the trials as recommended dose and non-recommended laser dose. If the trial
reports lacked sufficient dose parameters to be identified as recommended or non-recommended
dose, they were categorised as unclear laser dose.

Two time-points of assessment were selected for analysis, that is, immediately after the end
of LLLT and last time-point of assessment 2-14 weeks after completed LLLT (follow-up).

IFN and MBS performed the meta-analyses, using Excel 2016 (Microsoft) and Review
Manager Version 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration,
2014).

Patient and public involvement
Patients or the public were not involved in the conceptualization or carrying out of this research.

RESULTS

A total of 870 records were identified in the search, of which 18 reports of trials (n = 784) were
included in review and meta-analysis (Figure 1 and Table 1). LLLT was applied to participants with
patellar tendinopathy in two trials, Achilles tendinopathy in five trials and plantar fasciitis in 11
trials. LLLT was compared with placebo in 10 trials, other interventions in five trials and as an
adjunct intervention in three trials. Two trials were reported in non-English language, and one trial
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was unpublished (Naterstad et al.). The excluded articles were listed with reasons for omission
(supplementary material). The mean age of the participants was 43.6 (minimum <18, maximum
54.5, data from 14 trials), and the mean baseline pain intensity was 64.2 mm on the VAS (minimum
19.3 mm, maximum 85 mm, data from 18 trials). No adverse events were reported by any of the
trial authors. None of the trial authors declared that they had received funding from the laser

industry.
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Table 1 Characteristics of the included trials

First author, year

Participants at

Participants at

Intervention versus control

Outcome and time of

baseline baseline reassessment after baseline
(intervention)* (control)* (time used for analysis in bold)
Patellar tendinopathy
Liu 2014[64], n:7 n: 7 4 weeks of LLLT versus 4 weeks of Pain: VAS
LLLT versus ET Age years: > 18,  Ageyears: >18,<  eccentric ET Disability: Modified-VISA
<23 23 Reassessment: 4 weeks
VAS pain mm: VAS pain mm:
67.9+13.2 65.7+15.4
Liu 2014[64], n: 7 n: 7 4 weeks of LLLT and eccentric exercise Pain: VAS
LLLT+ET versus Age years: > 18,  Age years: > 18, < therapy versus 4 weeks of eccentric ET Disability: Modified-VISA
ET <23 23 Reassessment: 4 weeks
VAS pain mm: VAS pain mm:
67.9+12.2 65.71£15.4
Stergioulas n: 23 n: 21 2 weeks of LLLT versus 2 weeks of sham Pain: VAS
2003[65] Age years: Age years: LLLT Disability: Functional Index
29.2+13.4 29.8+13.8 Questionnaire
VAS pain mm: VAS pain mm: Reassessment: 2 and 6 weeks
81.7+13.4 75.9+18.8
Achilles tendinopathy
Darre 1994[66] n: 46 n: 43 2.4 weeks of LLLT versus 2.4 weeks of Pain: VAS
Age years: > 18 Age years: > 18 sham LLLT Disability: -
VAS pain mm: VAS pain mm: Reassessment: 2.4 weeks
58.5+£37.9 72+34.3
Naterstad** n: 20 n: 21 4 weeks of LLLT and cryotherapy and 12 Pain: THIP VAS most painful
Age years: Age years: weeks of eccentric and concentric ET activity
45.4+14.7 45.8+13.9 versus 4 weeks of sham LLLT and Disability: THIP VAS ADL
VAS pain mm: VAS pain mm: cryotherapy and 2 weeks of eccentric and Reassessment: 4 and 12 weeks
52.9+26.1 53.8+26.7 concentric ET
Stergioulas n: 20 n: 20 8 weeks of LLLT and eccentric ET versus 8  Pain: VAS during activity
2008[67] Age years: Age years: weeks of sham LLLT and eccentric ET Disability: -
30.1+4.8 28.8+4.8 Reassessment: 4, 8 and 12
VAS pain mm: VAS pain mm: weeks
79.849.5 81.8+11.6
Tumilty 2008[68] n: 10 n: 10 4 weeks of LLLT and 12 weeks of eccentric ~ Pain: VAS in morning
Age years: Age years: ET versus 4 weeks of sham LLLT and 12 Disability: -
41.4+7.6 42.5+8.5 weeks of eccentric ET Reassessment: 4 and 12 weeks
VAS pain mm: VAS pain mm:
47.8+25.9 39+20.2
Tumilty 2012[69] n: 20 n: 20 4 weeks of LLLT and 12 weeks of eccentric ~ Pain: NRS
Age years: Age years: ET versus 4 weeks of sham LLLT and 12 Disability: -
45.6+9.1 46.5+6.4 weeks of eccentric ET Reassessment: 4, 12 and 52
NRS pain mm: NRS pain mm: weeks
21.1+1.17 19.3+0.94
Plantar fasciitis
Basford 1998[70] n: 16 n: 15 4 weeks of LLLT versus 4 weeks of sham Pain: Pain when walking in
Age years: 42.5 Age years: 42 (33- LLLT morning
(26-64)* S51)* Disability: Limping in morning
VAS pain mm: VAS pain mm: Reassessment: 2, 4 and 8 weeks

57.9 (22.2-97)*

46.6 (4-86)* (
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1
2
3
4 Cinar 2017[71] n: 29 n: 22 3 weeks of LLLT and stretching versus 3 Pain: VAS
5 Age years: Age years: weeks of stretching Disability: AOFAS-F activity
6 46.59+10.1 44.18+9.7 limitations
7 VAS pain mm: VAS pain mm: Reassessment: 3 and 12 weeks
) 61.3+19.4 54.9+19.7
9 Cinar 2018[72] n: 24 n: 17 3 weeks of LLLT and 12 weeks of Pain: NRS
1 Age years: Age years: 44+8.6 stretching versus 12 weeks of stretching Disability: -
0 46.5+10.3 NRS pain mm: Reassessment: 3 and 12 weeks
1 NRS pain mm:  6.242.14
12 6.3+1.42
13 Cinar 2018][72], n: 24 n: 25 3 weeks of LLLT and 12 weeks of Pain: NRS
14 ESWT Age years: Age years: stretching versus 3 weeks of ESWT (2000 Disability: -
15 46.5+10.3 45.449.7 mJ/mm?2, session once per week) and 12 Reassessment: 3 and 12 weeks
16 NRS pain mm: NRS pain mm: weeks of stretching
6.3+1.42 6.7+2.67
17 Elsehrawy n: 23 n:23 3 weeks of LLLT versus 2 weeks of ESWT  Pain: VAS
18 2018[73] Age years: Age years: 46+10.2 (2050 shocks/min, 10 Hz, 2.5 bars once per ~ Disability: FFI disability
19 46.4£10 VAS pain: 82+15  week) subscale
20 VAS pain: 85+8 Reassessment: 4 weeks
21 Kiritsi 2010[74] n: 15 n: 15 6 weeks of LLLT versus 6 weeks of sham Pain: ADL VAS
22 Age years: Age years: 41£12 LLLT Disability: -
23 41£12 VAS pain mm: Reassessment: 6 weeks
VAS pain mm: 67+9.3
24
67+8.3
25 Koteeswaran n: 15 n: 15 2 weeks of LLLT and stretching versus 2 Pain: NRS
26 2020[75] Age years: 30- Age years: 30-60 weeks of TUS and stretching Disability: FAAM
27 60 NRS pain: 72.7+8 Reassessment: 2 weeks
28 NRS pain:
29 74.7£11.9
30 Lamba 2013[76] n: 40 n: 40 4 weeks of LLLT and stretching versus 4 Pain: VAS
31 Age years: Age years: weeks of sham LLLT and stretching Disability: -
32 40.9+10.4 40.4+9.7 Reassessment: 1,2, 3 and 4
VAS pain mm: VAS pain mm: weeks
33 57.5+10.8 62+7.6
34 Macias 2015[77] n: 37 n: 32 3 weeks of LLLT versus 3 weeks of sham Pain: VAS heel pain
35 Age years: > 18 Age years: > 18 LLLT Disability: FFI disability
36 VAS pain mm: VAS pain mm: subscale 8 weeks
37 69.1£12.7 67.6£11.8 Reassessment: 1,2, 3, 6 and 8
38 weeks
39 Sanmak 2019[78] n: 17 n: 17 4 weeks of LLLT versus 3 weeks of ESWT Pain: VAS
Age years: 53* Age years: 49* (2 bar with 2,000 shocks/min at 10 Hz once  Reassessment: 4 and 8 weeks
40 VAS pain mm: VAS pain mm: 80*  Per week)
41 70%*
42 Ulusoy 2017[79], n: 20 n: 20 3 weeks of LLLT versus 3 weeks of TUS (1~ Pain: VAS in morning
43 TUS Age years: 53.4 Age years: 50.95 mHz; 2 W/cm2) Disability: -
44 VAS pain mm: VAS pain mm: Reassessment: 7 weeks
45 68.7 66.6
46 Ulusoy 2017[79], n: 20 n: 20 3 weeks of LLLT versus 3 weeks of ESWT Pain: VAS in morning
47 ESWT Age years: Age years: (2.5 bar with 2,000 shocks/min at 10 Hz Disability: -
53.4+14.7 54.4+6.9 three times per week) Reassessment: 7 weeks
48 VAS pain mm: VAS pain mm:
49 68.7£12.5 66:11.2
50 Yiizer 2006[80] n: 24 n: 30 1.4 weeks of LLLT versus steroid injection Pain: VAS
51 Age years: Age years: Disability: -
52 49.6+1.2 51.5¢11.5 Reassessment: 5.4, 13.4 and
53 VAS pain mm: VAS pain mm: 25.4 weeks
54 80+12 76+15
179 Numbers for age and pain are means + standard deviations, unless otherwise indicated. *Median with or without interquartile range.
55 180 ** Naterstad et al. Efficacy of Low-level Laser Therapy as an addition to exercise and cryotherapy in chronic Achilles tendinopathy: a double-blinded
56 181 randomised controlled trial
57 182 ADL, activity of daily living; AOFAS-F, American Orthopedic Foot and Ankle Score Function; ESWT, Extracorporeal Shockwave Therapy; ET,
58 183 exercise therapy; FAAM, Foot and ankle ability measurement questionnaire; FFI, Foot Function Index; LLLT, Low-Level Laser Therapy; NRS,
184 Numeric Rating Scale; THIP, Tendinopathy Health Impact Profile; TUS, therapeutic ultrasound; VAS, Visual Analogue Scale.
59
60
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LLLT was compared with placebo LLLT in 10 trials[65, 66, 68-70, 74, 76, 77, 81], and exercise
therapy or stretching exercises was applied as a co-intervention in five of these trials. LLLT was
compared with exercise therapy or stretching exercises in three trials[64, 71, 72]. A comparison
between LLLT and Extracorporeal Shockwave Therapy (ESWT) in plantar fasciitis was performed
in four trials[72, 73, 78, 79]. LLLT was compared to therapeutic ultrasound in two trials[75, 79],
and LLLT was compared to steroid injection in one trial[80]. Recommended laser doses were
applied in at least 11 trials[64-68, 71, 72, 74, 76, 79] and a non-recommended dose was used in at
least one trial[69]. We were unable to categorise the laser doses in the remaining six trials[70, 73,
75,77, 78, 80] due to inadequately or missing descriptions of laser parameters (Table 2). Two
different LLLT doses were applied in the same session in two of the trials [64, 74].
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Table 2 LLLT characteristics of the included trials

First author, year Wave- Mean Seconds per Joules per Number of Number of Dose

length (nm)  output treatment treatment spots sessions/Weeks recommended
power spot (s) spot (J) treated by WALT
(mW)

Patellar tendinopathy

Liu 2014[64] 810 200 600 - 1% 24/4 Yes
810 200 300 - 2

Stergioulas 2003[65] 904 50 300 1.2 10 10/2 Yes

Achilles tendinopathy

Darre 1994[66] 830 30 - 4 4 12/2.5 Yes

Naterstad** 904 60 50 3 6 12/4 Yes

Stergioulas 2008[67] 820 30 - 0.9 6 12/8 Yes

Tumilty 2008[68] 810 100 30 3 6 12/4 Yes

Tumilty 2012[69] 810 7 30 0.21 6 12/4 No

Plantar fasciitis

Basford 1998[70] 830 30 - - 3* 12/4 Unclear

Cinar 2017[71] 830 100 80 5.6 5 10/3 Yes

Cinar 2018[72] 830 100 80 5.6 5 10/3 Yes

Elsehrawy 2018[73] 830 - - - 3 * 6/3 Unclear

Kiritsi 2010[74] 904 60 - 8.4 1% 18/6 Yes
904 60 - - 2%

Koteeswaran 2020[75] 830 - 180 - 3 9/3 Unclear

Lamba 2013[76] 820 100 80 - 3* 12/4 Yes

Macias 2015[77] 635 17 600 - 3 6/3 Unclear

Sanmak 2019[78] 685 30 60 - 2% 12/4 Unclear

Ulusoy 2017[79] 830 50 200 - 3% 15/3 Yes

Yiizer 2006[80] 904 - 30 - - 10/1.4 Unclear

x Two different dosages applied within the same session.

*One or more spots/areas treated with movement of the laser probe.

**Naterstad et al. Efficacy of Low-level Laser Therapy as an addition to exercise and cryotherapy in chronic Achilles tendinopathy: a double-blinded
randomised controlled trial

LLLT, Low-Level Laser Therapy; WALT, World Association for Laser Therapy.

Overall pain and disability results pain and disability - LLLT versus any control
Data allowing for a meta-analysis of an immediate pain change were available from 16 trials with
recommended, non-recommended or unknown laser dosing.

Overall, pain was significantly reduced by LLLT over any control immediately after
completed therapy (13.15 mm VAS (95% CI: 7.82 to 18.48), I> = 65%, n = 784) (Figure 2) and at
follow-ups 4-12 weeks later (12.56 mm VAS (95% CI: 5.69 to 19.42), 1> = 48%, n = 556) (Figure
3).

Overall, the disability results immediately after completed therapy significantly favoured
LLLT over any control (SMD = 0.39 (95% CI: 0.09 to 0.7), I = 30%, n = 260) (Figure 4). A
disability reduction by LLLT remained significant at follow-ups 4-9 weeks after completed therapy
(SMD = 0.32 (95% CI: 0.05 to 0.59), I? = 4%, n = 222) (Figure 5).Overall and subgroup pain
results - LLLT versus placebo-control
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Overall, pain was significantly reduced by LLLT over placebo-control immediately after completed
therapy (11.48 mm VAS (95% CI: 2.68 to 20.28), I> = 73%, n = 507) (Figure 6) and during follow-
ups 4-8 weeks after completed therapy (13.62 mm VAS (95% CI: 2.18 to 25.06), I = 68%, n = 277)
(Figure 3).

The recommended laser doses significantly reduced pain compared with placebo
immediately after completed therapy (14.98 mm VAS (95% CI: 3.74 to 26.22), I> = 67%, n = 367)
(Figure 6). A non-recommended laser dose from a single trial provided no significant pain reduction
immediately after completed therapy (-3.0 mm VAS (95% CI: -11.17 to 5.7), n = 40) (Figure 6).
Trials with unknown laser doses significantly favoured LLLT over placebo-control immediately
after completed therapy (10.83 mm VAS (95% CI: 2.44 to 19.21), I? = 0%, n = 100). The between-
subgroup difference was significant (p = 0.02) (Figure 6).

At follow-ups 4-8 weeks after completed therapy, the recommended laser doses significantly
reduced pain compared with placebo (14.00 mm VAS (95% CI: 2.81 to 25.19), I? = 5%, n = 136)
(Figure S1, supplementary material). A non-recommended dose provided in a single trial did not
significantly reduce pain compared with placebo at follow-up 8 weeks after completed therapy (0.0
mm VAS (95% CI: -7.62 to 7.62), n = 40) (Figure S1, supplementary material). At follow-ups 4-5
weeks after completed therapy, trials with unknown laser doses demonstrated a significant pain
reduction by LLLT compared with placebo (23.94 mm VAS (95% CI: 14.39 to 33.48), I>= 0%, n =
97) (Figure S1, supplementary material). The between-subgroup difference was significant (p <
0.001) (Figure S1, supplementary material).Subgroup pain results - LLLT versus no intervention
Pain was significantly lowered by the recommended laser doses when used as an adjunct to
exercise, stretching and insoles over exercise, stretching and insoles alone, both immediately after
completed therapy (18.15 mm VAS (95% CI: 10.55 to 25.76), I> = 0%, n = 104) (Figure S2,
supplementary material) and at follow-up 9 weeks after completed therapy (19.67 mm VAS (95%
CI: 5.16 to 34.18), I> = 0%, n = 80) (Figure S3, supplementary material).

Overall and subgroup pain results - LLLT versus other interventions

Overall, pain was significantly reduced by LLLT compared with other interventions immediately
after completed therapy (13.23 mm VAS (95% CI: 4.07 to 22.39), I> = 66%, n = 173) (Figure S4,
supplementary material). Follow-up results of pain 4-12 weeks after completed therapy favoured
LLLT over other interventions, but not significantly (9.41 mm VAS (95% CI: -0.44 to 19.26), I> =
16%, n = 193) (Figure S5, supplementary material).

The recommended laser doses were compared with exercise therapy in one trial and ESWT
in another trial immediately after completed therapy and the pain results favoured LLLT, but not
significantly (13.91 mm VAS (95% CI: -1.34 to 29.15), I> = 65%, n = 63) (Figure S4,
supplementary material).

The pain results from three trials with unknown laser doses, in which two groups received
ESWT and one group received therapeutic ultrasound, favoured LLLT immediately after completed
therapy, but not significantly (12.88 mm VAS (95% CI: -1.29 to 27.04), I> = 77%, n = 110) (Figure
S4, supplementary material).

At follow-ups 4-12 weeks after completed therapy, pain was significantly lowered by the
recommended laser doses compared with other interventions (15.90 mm VAS (95% CI: 2.30 to
29.51), I = 0%, n = 103) (Figure S5, supplementary material). Pain was not significantly lowered
by unknown laser doses compared with other interventions at follow-ups 4-12 weeks after
completed therapy (2.93 mm VAS (95% CI: -15.8 to 21.67), I> = 52%, n = 87) (Figure S5,
supplementary material).
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Overall and subgroup disability results - LLLT versus placebo-control

Overall, the disability results favoured LLLT over placebo-control immediately after completed
therapy, but not significantly (SMD = 0.2 (95% CI: -0.18 to 0.58), I> = 0%, n = 107) (Figure 4). The
same applied to the follow-up results 4-8 weeks after completed therapy (SMD = 0.19 (95% CI: -
0.11 to 0.49), I = 0%, n = 173) (Figure S6, supplementary material).

The disability results immediately after completed therapy favoured the recommended laser
doses over other interventions, but not significantly (SMD = 0.25 (95% CI: -0.21 to 0.7), I> = 0%, n
=76) (Figure S7, supplementary material). The same applied to unknown laser doses compared
with placebo-control immediately after completed therapy (SMD = 0.10 (95% CI: -0.61 to 0.8), n =
31) (Figure S7, supplementary material).

At follow-ups 4-8 weeks after completed therapy, the disability results favoured the
recommended laser doses over other interventions, but not significantly (SMD = 0.24 (95% CI: -
0.21 to 0.7), I> = 0%, n = 76) (Figure S6, supplementary material). The same applied to the
unknown laser doses compared with placebo-control immediately after completed therapy (SMD =
0.14 (95% CI: -0.26 to 0.54), I> = 0%, n = 107) (Figure S6, supplementary material).

Overall and subgroup disability results - LLLT versus other interventions
The overall disability results immediately after completed therapy favoured LLLT, but not
significantly (SMD = 0.58 (95% CI: -0.11 to 1.27), I> = 56%, n = 90) (Figure 4).

The recommended laser doses neither provided a significant disability reduction compared
with other interventions immediately after completed therapy (SMD = 0.2 (95% CI: -0.85 to 1.25),
n = 14) (Figure S8, supplementary material). The same applied to unknown laser doses compared
with other interventions immediately after completed therapy (SMD = 0.73 (95% CI: -0.26 to 1.72),
n = 76) (Figure S8, supplementary material).

Subgroup disability results - LLLT versus no intervention

The disability results of the recommended laser doses applied as an adjunct to exercise therapy or
stretching immediately after completed therapy favoured LLLT, but not significantly (SMD = 0.68
(95% CI: -0.49 to 1.85), I> = 69%, n = 61) (Figure S9, supplementary material). At follow-up 9
weeks after completed therapy, disability was significantly lowered by the recommended laser
doses as an adjunct to stretching and insoles compared with exercise therapy and insoles alone
(SMD = 0.82 (95% CI: 0.24 to 1.41), n =49) (Figure S10, supplementary material).

Sensitivity analysis of laser dose categorisation

The irradiation procedure by Darre et al.[66] was judged as a recommended laser dose, based on the
reported dose parameters in the paper. However, the dose description is somewhat sparse and could
be misinterpreted. If the study by Darre et al. was allocated to the unknown laser dose subgroup, the
statistical heterogeneity would be eliminated in the recommended laser dose group and the
estimated pain reduction would be increased to 21.12 mm VAS ((95% CI: 14.94 to 27.31), I> = 0%,
n = 278) versus placebo immediately after completed therapy (Figure S11, supplementary material).

Risk-of-bias within studies

Ten of the included trials were found to be of high methodological quality, and the remaining eight
included trials were found to be of moderate methodological quality (Table 3). All the trials
featured adequate randomisation. Allocation concealment was sufficient in 11 (61%) of the trials.
The groups were similar at baseline in 15 (83%) of the trials. The participants were blinded in nine
(50%) of the trials. The therapists were blinded in five (28%) of the trials, all of which were
placebo-controlled. The assessors were blinded in seven (39%) of the trials, all of which were
placebo-controlled. Outcome data were available from more than 85% of the participants in 14
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(78%) of the trials. An intention-to-treat analysis was used in 10 (56%) of the trials. A between-
group statistical comparison was performed in all the trials. Point measures and variability outcome
data were stated in 17 (94%) of the trial reports.

The lack of therapist and assessor blinding were the two most obvious methodological
inadequacies. However, risk-of-bias subgroup analyses performed post-hoc revealed that there was
no significant interaction between the effect estimates and the lack of blinding (Figures S12 and
S13, supplementary material).

Risk-of-bias across studies (small study bias)

In a random effects model, small and large trials are weighted relatively even when statistical
heterogeneity is present. In a fixed effects model, the heterogeneity is ignored and will not influence
the weights. Smaller studies in meta-analyses tend to show more positive results than larger
trials[82]. However, there was almost no difference between the pain results of the two meta-
analysis models, indicating that no small study bias exists (Figures S14 and S15, supplementary
material). Likewise, there was no obvious asymmetry in a funnel plot based on the same meta-
analyses of pain, indicating that no small study bias was present (Figure S16, supplementary
material).

Table 3 PEDro score
Study ID Item number Tota | Quality
1* | 2 3 4 5 6 7 8 9 |10 |11 |1

Basford + + - + | + - + | + - + |+ 7 | High
1998[70]
Cinar 2017[71] | + + | + |+ - - - + |+ | + |+ 7 | High
Cinar 2018[72] | + + | + | + - - - + |+ | + |+ 7 High
Darre + + | + - + + < - - + | - 5 Moderat
1994[66] e
Elsehrawy + + - + - - - + - + | + 5 | Moderat
2018[73] e
Kiritsi + + + + + + + - - + + 8 High
2010[74]
Koteeswaran + + - + - - - + + + | + 6 Moderat
2020[75] e
Lamba + + - + | + - - + - + |+ 6 | Moderat
2013[76] e
Liu 2014[64] + + - + - - - + |+ | + |+ 6 | Moderat

e
Macias + + + + + - + + + + | + 9 High
2015[77]
Naterstad + + |+ |+ |+ |+ |+ |+ |+ |+ |+ 10 | High
Sanmak + + |+ |+ - - - + |+ |+ |+ 7 | High
2019[78]
Stergioulas + + - + | + - + - - + | + 6 Moderat
2003[65] e

10
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Stergioulas + + |+ |+ | + - - - + | + |+ 8 | High
2008[67]

Tumilty + + |+ |+ |+ |+ |+ |+ |+ |+ |+ 10 | High
2008[68]

Tumilty + + |+ |+ |+ |+ ]+ |+ 10 | High
2012[69]

Ulusoy + + - + - - - + - + | + 5 | Moderat
2017[79] e

Yiizer + + | + | + - - - - - + | + 5 Moderat
2006[80] e

*Item not included in the mean score.

** Naterstad et al. Efficacy of Low-level Laser Therapy as an addition to exercise and cryotherapy in chronic Achilles
tendinopathy: a double-blinded randomised controlled trial
PEDro, Physiotherapy Evidence Database.

. Eligibility criteria specified.

. Random allocation.

. Concealed allocation.

. Groups similar at baseline.

. Subject blinding.

. Therapist blinding.

. Assessor blinding.

. Less than 15% dropout.

. Intention-to-treat analysis.

10. Between-group statistical comparisons.

11. Point measures and variability data.

O 01O LN K~ Wi —

DISCUSSION

We investigated the effectiveness of LLLT in tendon and aponeurosis disorders of the lower
extremity. Our overall meta-analysis results demonstrated that pain and disability were statistically
significantly reduced by LLLT compared with any control both immediately after completed
therapy and in the follow-up period, that is, 4-12 weeks after completed therapy for pain and 4-8
weeks after completed therapy for disability.

Like in our previous meta-analysis of LLLT in knee osteoarthritis[40], we sub-grouped the
included trials in the current review using the WALT treatment recommendations.[62, 63]
Compared with placebo-control, the recommended laser doses in the current review generally had a
larger pain-relieving effect than non-recommended laser both immediately after therapy and in the
follow-up period. Similarly, the recommended laser doses had a significant pain-relieving effect as
an adjunct to exercise therapy, stretching and insoles both immediately after completed therapy and
in the follow-up period. Compared with other treatment modalities, the recommended laser doses
were significantly superior, but only at follow-up and only as a pain treatment.

The minimal clinically important improvement (MCII) for pain expressed on the VAS or
NRS has not been established for tendinopathy in the lower extremity[83], even though pain is a
prominent feature of this condition. In plantar fasciitis, the MCII for VAS pain has been estimated
to be 8 mm for average pain[84], and our results are above this threshold in all comparisons.

As for disability, we found that LLLT overall had a small and significant effect both
immediately after completed therapy and in the follow-up period. Compared with placebo, there
were no significant effect of LLLT on disability immediately after completed therapy and at follow-
ups. Only Cinar et al.[71] provided follow-up data on disability regarding LLLT as an add-on to
exercise therapy. They found a large and significant positive effect on disability 12 weeks after
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completed therapy, however, their results are based only on 49 participants[71], and thus this meta-
analysis result should be interpreted with caution.

We were unable to dose categorise the study by Macias et al.[77], since they used a laser
within the visible spectrum (635 nm), which is not mentioned in the WALT treatment guidelines.
Light in the red wavelengths (600-700 nm) penetrates the tissue to a lesser extent than light with a
wavelength of 700-1000 nm[85]. Macias et al. utilized a relatively low mean output power, but they
stated that they irradiated the tissue for 600 seconds and achieved a significant pain reduction. The
methodological quality of their trial[77] was categorised as high, with a PEDro score of 9.

Sanmak et al.[78] also used a laser within the red spectrum, but they applied a much smaller
dose. Sanmak et al.[78] compared LLLT with ESWT in plantar fasciitis and found no difference
between the groups regarding pain immediately after treatment, but an insignificant better result for
ESWT 4 weeks after completed treatment. Comparing LLLT to ESWT, we would expect different
effect-time profiles for pain alleviation, as the effect of ESWT might be greater at later time-
points[86]. Sanmak et al.[78] applied LLLT in a circular motion on the insertion site of the plantar
fascia for 60 seconds and along the fascia for another 60 seconds. They stated that they irradiated
the tissue with 2 J/cm?, which according to our calculation (Watt*seconds) corresponds to a
relatively low mean output power of 18 mW/cm?. Moving the laser probe during irradiation will
yield a smaller laser dose per treated cm?, and larger movement will for instance reduce the energy
delivered per treated cm?. Additionally, the skin underneath the heel is thick[87], and thus absorbs a
large percentage of the laser.

We did not identify any trials focusing on trochanter tendinopathy, peroneal or tibialis
posterior tendinopathy. In a double-blinded randomised trial by Légdberg-Andersson et al.[88], the
effect of a 904 nm wavelength laser in participants with trochanteritis or myofascial pain was
investigated. They found a significant positive effect compared with placebo on pain expressed on a
VAS and with algometry, both at the end of treatment and four weeks after[88]. This trial was not
included in our review, since we were unable to isolate the participants of interest.

We were only able to identify two randomised controlled trials regarding the effect of LLLT
compared with a control in patellar tendinopathy. Ashok et al.[89] have compared the effect of
LLLT to that of therapeutic ultrasound in persons with patellar tendinopathy, and they found a
statistically significant effect in favour of LLLT , both on pain reduction and function. However, it
should be noted that this trial is small (n = 8) and only of moderate methodological quality. Another
LLLT trial by Meier et al.[90] included participants with both patellar tendinopathy (n = 58) and
Achilles tendinopathy (n = 52). We omitted this trial, since it solely concerned the effects of an
invisible (904 nm wavelength) laser versus a red (632 nm wavelength) laser. Meier et al.[90] stated
that the red laser was placebo, but the laser dose applied in the sham procedure may possibly have
had a photochemical effect. Both groups achieved a positive effect on a combined index of pain and
function, favouring the 904 nm wavelength laser, but the report of the trial neither includes point
effect estimates, nor variability data.

The presence and role of inflammation in chronic tendinopathy has been an ongoing debate
in the last few decades. There is currently increased support that inflammation has a causal role in
tendinopathy, where immune cells and molecular mediators are included as inflammatory
components[91-93]. PGE, has been suggested to sustain inflammation and pain in human tendon
disease[94]. In Achilles tendinopathy, a reduction of PGE, and a concurrent increased pain pressure
threshold after LLLT were found in a double-blinded randomised clinical trial by Bjordal et al.[95],
where microdialysis of the tendon was performed in seven participants. The participants had
aggravated the symptoms through a pain inducing activity immediately prior to the examination.
Only the immediate (105 minutes) response to LLLT was investigated in the trial, but the findings
support the notion that LLLT may have an anti-inflammatory effect in Achilles tendinopathy.
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Several authors of the included trials failed to adequately describe the laser dose parameters
used. A LLLT dose-response relationship has been established in systematic reviews of
tendinopathy[35-37] and osteoarthritis[40]. In the current review, some of the statistical
heterogeneity is plausibly due to the variation in laser doses applied. The statistical heterogeneity of
the dose subgroup analyses was generally lower than in the overall (any dose) analyses and this
indicates that the laser dose might be more important for the effect than the location of the
tendinopathy. The only study that caused noteworthy statistical heterogeneity in the dose subgroup
analysis with placebo-control was the one by Darre et al.[66]. Most of the pain and disability
analyses comparing LLLT with other interventions were based on trials of plantar fasciitis. These
analyses yielded a moderate level of statistical heterogeneity, and it may be explained by the
variation in control interventions.

The included trials had a moderate to high methodological quality (mean PEDro score =
7.1). Although therapist and assessor blinding lacked in many of the included studies, the lack of
blinding was not significantly associated with higher effect estimates (supplementary material).

Future trials on the topic should include larger patient samples and directly compare the
effectiveness of different LLLT parameters. Additionally, systematic reviews of LLLT should
include dose-response investigations.

Strengths and limitations of this study

This review was conducted in conformance with a detailed a priori published protocol, which
includes, for example, a plan for subgrouping the trials by laser dose. The review includes results
from two studies reported in non-English language[66, 80] and an unpublished study. The review
features meta-analyses with direct comparisons between LLLT and placebo LLLT, other
interventions and no intervention. Although only one reviewer extracted data from the included
trials, the extracted data was checked for correctness by another reviewer.

Implications for practice

The LLLT dose parameters were inadequately described in six (35%) of the trial articles. This
prohibited a comprehensive laser dose-response relationship investigation using the WALT
treatment recommendations.[38, 39] Since the laser doses identified as WALT recommended doses
provided significantly positive results in most instances, we suggest adhering to these
recommendations until further trials increase the precision of the analysis.

CONCLUSIONS

LLLT significantly reduces pain and disability in lower extremity tendinopathy and plantar fasciitis
in the short and medium term. Long-term data was not available. Some uncertainty about the effect
size remains due to wide confidence intervals and lack of larger trials.
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Legends:

Figure 1 Flow chart illustrating the trial identification process
PEDro, Physiotherapy Evidence Database.

Figure 2 Overall pain results immediately after completed therapy - LLLT versus any control
AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser
Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S, stretching; TU, Therapeutic Ultrasound.

Figure 3 Overall pain results at follow-ups - LLLT versus any control
AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser
Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S, stretching; TU, Therapeutic Ultrasound.

Figure 4 Overall disability results immediately after completed therapy - LLLT versus any control
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AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser
Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S = stretching; TU, Therapeutic Ultrasound.

Figure 5 Overall disability results at follow-ups - LLLT versus any control
AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar
tendinopathy; S, stretching.

Figure 6 Subgroup pain results immediately after completed therapy - LLLT versus placebo-control
AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar tendinopathy;
S, stretching.
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Study or Subgroup

BMJ Open

LLLT Control Mean Difference
Mean  SD Total Mean SD Total Weight IV, Random,95% Cl

1.1.1 LLLT vs placebo

Darre 1984, LLLT vs placebo LLLT in AT

Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT
Basford 1998, LLLT vs placebo LLLT in PF

Macias 2015, LLLT vs placebo LLLT in PF

Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT
Kiritsi 2010, LLLT vs placebo LLLT in PF

Lamba 2013, LLLT+S vs placebo LLLT+S in PF
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT
Stergioulas 2003, LLLT vs placebo LLLT in PT
Subtotal (95% CI)

Mean Dif

fference

IV, Random, 95% CI

405 379 46 52 3437 43 54% -11.50[-26.52, 3.52]
6 174 20 9 745 20 78% -3.00[-11.17,5.17]
2286 299 10 172 1775 10 37% 5.40[-16.15, 26.95]
344 4558 16 261 29.26 15  28% 8.30[-18.50, 35.10]
198 2249 37 8.7 1456 32 7.6% 11.10[2.27, 19.93]
289 2018 20 1154 3509 21 41% 17.36[-2.36, 37.08]
40 203 25 18 89 25 7.6% 22.00[13.31, 30.69]
32 53 40 83 53 40 34% 23.70([047,46.93]
248 25 26 0 25 26 5.9% 24.80[11.21, 38.39]
355 71.04 18 64 1239 17 20% 29.10[-4.24, 62.44]
258 249 50.4%  11.48 [2.88, 20.28]

Heterogeneity: Tau® = 126,14; Chi? = 32 84, df =9 (P = 0.0001); * = 73%

Test for overall effect: Z = 2.56 (P = 0.01)

11.2 LLLT vs no intervention

Liu 2014, LLLT+ETvs ET in PT
Cinar 2018, LLLT+S+l vs S+l in PF
Cinar 2017, LLLT+S+l vs S+l in PF
Subtotal (95% CI)

6286 104 7 4643 1069 7 6.8% 16.43(5.38, 27.48]
38 249 24 20 2528 17 53%  18.00(2.39, 33.61]
388 286 27 177 2192 22 57%  21.10[6.85, 35.25]
58 46 17.7% 18.15[10.55, 25.76]

Heterogeneily: Tau? = 0.00; Chi? = 0.26, df = 2 (P = 0.88); I = 0%

Test for overall effect: Z = 4.68 (P < 0.00001)

1.1.3 LLLT vs other intervention

Sanmak 2019, LLLT vs ESWT in PF

Liu 2014, LLLTvs ETin PT

Elsehrawy 2018, LLLT+S vs ESWT+S in PF
Cinar 2018, LLLT+S+l vs ESWT+S+| in PF

Koteeswaran 2020, LLLT+S vs TU+S in PF

Subtotal (95% CI)

10 20.16 17 10 19.23 17 6.0% 0.00[-13.24,13.24]
5286 122 7 46.43 1069 7 64%  6.43[-5.59, 18.45]
57 1545 23 46 1545 23 7.5% 11.00 [2.07, 19.93]
38 249 24 16 231 25 59% 22,00 (854, 35.46]
354 2586 15 74 601 15 6.0% 28.00[14.69,41.31]
86 87 31.9% 13.23[4.07,22.39]

Heterogeneity: Tau® = 70.74; Chi* = 11.83, df = 4 (P = 0.02); ¥ = 66%

Test for ovi effect: Z = 2.83 (P = 0.005)

Total (95% CI)

402 382 100.0% 13.15[7.82, 18.48]

Heterogeneity: Tau? = 77.51; Chi* = 48.03, df = 17 (P < 0.0001); P =65%

Test for overall effect: Z = 4.83 (P < 0.00001)

Test for subaroup differences: Chi? = 1.40. df = 2 (P = 0.50), I = 0%
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BMJ Open

LLLT Control
Study or Subgroup Mean SD_Total Mean SD Total Weight
2.1.1 LLLT vs placebo
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 15 1175 20 15 1282 20 147%
Naterstad, LLLT+ET+CTvs placebo LLLT+ET+CTin AT 2659 36.46 20 2299 29.18 pal 7.0%
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 309 3173 10 20 20 10  59%
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 178 266 20 0 2686 20 88%
Basford 1998, LLLT vs placebo LLLT in PF 374 6257 15 194 61.92 13 20%
Macias 2015, LLLT vs placebo LLLT in PF 296 249 37 54 16 32 132%
Stergioulas 2003, LLLT vs placebo LLLT in PT 606 8857 18 173 21.87 17 23%
Subtotal (95% CI) 140 133 53.9%
Heterogeneity: Tau®= 130.26; Chi*= 18.51, df= 6 (P = 0.005); F = 68%
Testfor overall effect Z= 2.33 (P =0.02)
2.1.2 LLLT vs other intervention
Sanmak 2019, LLLT vs ESWT in PF 20 3264 17 30 3976 17 55%
Ulusoy 2017, LLLT+ET+S vs ESWT+ET+S in PF 394 4041 8 386 444 20 33%
Ulusoy 2017, LLLT+ET+S vs TU+ET+S in PF 394 4041 9 N Nns 17 40%
Yuzer 2008, LLLT vs steroid injection in PF 48 2291 26 38 2332 30 115%
Cinar 2018, LLLT+S+Ivs ESWT+S+lin PF 44 249 24 22 3513 25 B86%
Subtotal (95% CI) 84 109 32.8%
Heterogeneity: Tau®= 21.59; Chi*= 4.77, df= 4 (P=0.31); F= 16%
Test for overall effect Z= 1.87 (P = 0.06)
2.1.3 LLLT vs no intervention
Cinar 2018, LLLT+S5+Ivs S+l in PF 44 26.05 24 27 2917 17 8.4%
Cinar 2017, LLLT+S+Iws S+l in PF 441 61.76 27 182 3015 21 48%
Subtotal (95% CI) 51 39 13.3%
Heterogeneity: Tau®= 0.00; Chi*= 0.30, df=1 (P = 0.58), F= 0%
Test for overall effect Z= 2.66 (P = 0.008)
Total (95% CI) 275 281 100.0%

Heterogeneity: Tau®= 68.06, Chi*= 26.08, df=13 (P = 0.02); F= 48%
Test for overall effect Z= 2.59 (P = 0.0003)
Test for subgroup differences: Chi*=1.33, df= 2 (P = 0.51), F= 0%

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% C|

0.00 |-7.62,7.62]
360[-16.68,23.89)
10.90 12,35, 34.15]
17.80(1.41, 34.39]
16.00 -28.21, 64.21]
24.20[14.45,3395]
43.30(1.08, 85.52)
13.62 [2.18, 25.06]

-10.00 [-34.45, 14.45]
0.80[-33.30, 34.90]
8.401-22.02,38.82]
10,00 [-2.13,22.13]
22.00(5.00, 39.00]
9.41 [-0.44, 19.26]

17.00 [-0.35, 34.35]
25.90 [-0.58, 52.38]
19.67 [5.16, 34.18]

12.56 [5.69, 19.42]
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Lt Control $td. Mean Difference $td. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C|
3.1.1 LLLT vs placebo
Stergioulas 2003, LLLT vs placebo LLLT in PT 22 1631 18 1.7 1213 17 141% 0.03 [-0.63,0.70] T
Basford 1998, LLLT vs placebo LLLT in PF 45 2154 16 25 1856 15 130% 0.10[-0.61, 0.80] R —
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 17 179 20 067 276 21 154% 04310.19,1.0§) T
Subtotal (35% CI) 54 53 42.5% 0.20 [-0.18, 0.58) -
Heterogeneity Tau®= 0.00; Ch*= 0.86, df= 2 (P = 0.65);, F= 0%
Test for overall effect Z=1.04 (P = 0.30)
3.1.2 LLLT vs other intervention
Liu 2014, LLLTvsETin PT 25 64 7 2371 583 TT0% 0.20}0.85,1.29) D E—
Elsehrawy 2018, LLLT+5 vs ESWT+S in PF 347 514 23 326 977 23 167% 0.26 [-0.32, 0.85] -
Koteeswaran 2020, LLLT+5 vs TU+S in PF 26.94 1945 15 807 583 15 109% 1.28[0.48,2.07] —
Subtotal (95% CI) 45 45 34.7% 0.58 [0.11,1.27] il
Heterogeneity: Tau®= 0.21; Chi*= 4.59, df= 2 (P = 0.10); F= 56%
Test for overall effect Z=1.66 (P=0.10)
3.1.3 LLLT vs no intervention
Cinar 2017, LLLT+S+Ivs S+l in PF 114 1422 27 088 145 22 173% 0.19[-0.37,0.78] I
Liu 2014, LLLT+ETvs ETin PT 377 1177 7 2371 583 T 55% 1.41[0.20, 2.63]
Subtotal (95% CI) 34 20 22.8% 0.68 [-0.49, 1.85) o
Heterogeneity: Tau*= 0.51: Ch*= .18, df=1 (P = 0.07); F= 63%
Testfor overall effect Z=1.14 (P = 0.26)
Total (95% CI) 133 127 100.0% 0.39[0.09, 0.70] <>
Heterogeneity: Tau®= 0.06; Chi*=10.05, df= 7 (P = 0.19); F= 30% 2 1 1 2

Testfor overall effect Z=2.52 (P = 0.01)
Test for subgroup differences: Chi*=1.29, df=2(P=052), F=0%
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6 LLLT Control Std. Mean Difference Std. Mean Difference G
7 Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI g
4.1.1 LLLT vs placebo
8 Matias 2015, LLLT vs placebo LLLT in PF 115 2568 37 102 21 32 31.2% 0.05 -0.42,0,53] —_—— o
Naterstad, LLLT+ET+CT v$ placebo LLLT+ET+CT in AT 203 172 20 1.44 3M 21 19.0% 0.23(-0.39,0.84] —_— 1T QD
9 Stergioulas 2003, LLLT vs placebo LLLT in PT 55 804 18 25 1371 17 162% 0.26 [-0.40, 0.93) —_— n
Basford 1998, LLLT vs placebo LLLT in PF 25 3067 15 75 2206 13 129% 0.35-0.39,1.10] f—— [N
10 Subtotal (95% CI) 90 83 79.3% 0.19 [-0.11,0.49] - o
Heterogeneity Tau®= 0.00; Chi*= 0.56, df= 3 (P = 0.91); F= 0% T
Testfor overall effect 2=1.22 (P = 0.22) a [
11 2 w
4.1.2 LLLT vs no intervention (9] (o]
12 Cinar 2017, LLLT+S+1v5 S+l in PF 223 148 27 123 121 22 207% 0.82[0.24,1.41] —_— Q o
Subtotal (95% C) 27 22 207% 0.82[0.24,1.41) —— o 3
1 3 Heterogeneity: Not applicable o —_—
Testfor overall effect Z=2.75 (P = 0.006) S
14 g T
Total (95% CI) 17 105 100.0% 0.32[0.05,0.59] - < (93}
15 Heterogeneity. Tau?= 0.00; ChP’= 4.16, df= 4 (P = 0.39); P= 4%  E—r 51 Q 35
Test for overall effect Z= 2.29 (P = 0.02) ) s o N
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LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% C1
5.1.1 Recommended LLLT dose vs placebo
Darre 1994, LLLT vs placebo LLLT in AT 405 37N 46 52 3437 43 109% -11.50[-26.52,352] o
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 299 10 172 1775 10 B82% 5401615, 2695) T
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CTin AT 289 2918 20 1154 3509 21 89% 17.36[-2.36 37.08] T
Kiritsi 2010, LLLT ¥5 placebo LLLT in PF 40 203 25 18 88 25 138% 2200[13.31,3069] s
Lamba 2013, LLLT+Svs placebo LLLT+S in PF 32 53 40 83 53 40 76% 2370(047 46.93]
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 248 25 26 o 25 26 116% 2480([11.21,3839) -
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 T1.04 18 6.4 1239 17 4.9% 2010[-4.24,62.44] T
Subtotal (95% Cl) 185 182 65.7% 14.98 [3.74,26.22] -

Heterogeneity: Tau®= 140.53; Chi*= 18.27, df= 6 (P = 0.006), F= 67%
Test for overall eflect Z= 2.61 (P = 0.009)

5.1.2 Non-recommended LLLT dose vs placebo

Turnilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 200 140% -300F11.17,517] =
Subtotal (95% CI) 20 20 14.0% -3.00[11.17,5.17] L 3
Heterogeneity: Not applicable

Test for overall effect Z=0.72 (P = 0.47)

5.1.3 Unknown LLLT dose vs placebo

Basford 1998, LLLT vs placebo LLLT in PF 344 4558 16 261 2926 15 64% 8301850, 3510 I —
Macias 2015, LLLT vs placebo LLLT in PF 198 2249 37 87 1456 32 138% 11.10(2.27,19.93] ——
Subtotal (95% CI) 53 4T 202% 10.83[2.44,19.21] <&
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P = 0.85), F=0%

Test for overall eflect Z= 253 (P = 0.01)

Total (95% CI) 258 249 100.0% 11.48[2.68, 20.28] >
Heterogeneity: Tau®=126.14; Chi*= 32.84, df= 9 (P = 0.0001), F= 73% Koo e = T00

Test for overall eflect Z= 2.56 (P = 0.01)

. Favours placebo Favours LLLT
Test for subgroup differences: Chi*= 8.38, df=2 (P=0.02), F=76.1%
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PubMed database search string

("Low-Level Light Therapy"[Mesh] OR LLLT|[Title/Abstract] OR “low level”’[Title/Abstract] OR “low
power”’[Title/Abstract] OR laser therap*[Title/Abstract] OR “laser acupuncture”[Title/Abstract] OR
“HeNe”[Title/Abstract] OR “632 nm”[Title/Abstract] OR “Ga-Al-As”[Title/Abstract] OR “820
nm”[Title/Abstract] OR “830 nm”[Title/Abstract] OR “850 nm”[Title/Abstract] OR “GaAs”’[Title/Abstract]
OR “904 nm”[Title/Abstract] OR Photobiomodulation|[Title/Abstract] OR phototherap*|Title/Abstract]) and
("Tendinopathy"[Mesh] or tendi*[Title/Abstract] or tendo*[Title/Abstract] or “plantar
fasciitis”[Title/Abstract] or "Fasciitis, Plantar"[Mesh] or “Policeman's Heel’[ Title/Abstract] or "Iliotibial
Band Syndrome"[Mesh] or Iliopsoas tendi*[Title/Abstract] or Jumper*[Title/Abstract] or
Patella[Title/Abstract] or Achill*[Title/Abstract] or "Achilles Tendon”[Mesh])

Excluded full text articles

Author/Year/Reference

Reasons for exclusion

Abat et al. 20161

Aigner et al. 19962

Ashok et al. 20183

Atik et al. 2018*

Bjordal et al. 2006°

Chang et al. 2015°

Cinar et al. 2013

Cinar et al. 20128
Costantino et al. 2005°
Coughlin et al. 2014
Fernandes et al. 19911
Foley et al. 2016%?

Jastifer et al. 201413
Logdberg-Andersson et al. 1994
Mardh et al. 2016%°

Meier et al. 198816
Morimoto et al. 2013"7
Mulcahy et al. 19958
Notarnicola et al. 20141°
Olivera et al. 20092
Orellana-Molina et al. 2010%
Saxena et al. 2015%

Scott et al. 20112

Siebert et al. 1987
Simunovic 19962
Suleymanoglu et al. 2014%
Takla et al. 20197
Tumilty et al. 20152
Tumilty et al. 2016?°

LLLT, low-level laser therapy.

Impossible to isolate effect, combined treatments compared with other treatment
No control group

Lacks randomisation

Commentary only

Outcomes of interest not reported

Outcomes of interest not reported

Conference paper only (author contacted)

Solely abstract available

Not LLLT, high intensity laser therapy

Solely abstract available

Mixed population with unclear inclusion of diagnosis

Not LLLT, light emitting diode therapy

No control group

Only pooled data on lower and upper extremity available

Not LLLT, high intensity laser therapy

Outcomes of interest not reported

No control group

Lacks credible control group, includes only 3 patients with tendinopathy
Not LLLT, high intensity laser therapy

Animal study

Outcomes of interest not reported

Not LLLT

Review

Mixed population/diagnoses

Narrative review

Conference abstract

Used a combination of LLLT and light emitting diode therapy
Conference abstract

Not LLLT, high intensity laser therapy
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Supplementary figures

BMJ Open

Figure S1 Pain at follow-ups 4-8 weeks after completed therapy - LLLT versus placebo

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
6.1.1 Recommended LLLT vs placebo
Materstad, LLLT+ET+CT vs placebo LLLT+ET+CTin AT 26.59 36.46 20 2299 2818 21 14.4% 360 F16.68, 23.88] [ e —
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 308 31.73 10 20 20 10 12.6% 10.90F12.35 34.159] e —
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 17.9 266 20 0 266 20 16.9%  17.90[1.41,34.39] —
Stergioulas 2003, LLLT vs placebo LLLT in PT GO.6 88.57 18 173 21.87 17 5.7%  43.30[1.08, 8552
Subtotal (95% CI) 68 68 49.6%  14.00 [2.81, 25.19] -
Heterogeneity: Tau®=6.48; Chi*= 314, df =3 (P=037); F=5%
Test for overall effect Z= 245 (P =0.01)
6.1.2 Non-recommended LLLT vs placebo
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 15 11.75 20 15 12.82 20 23.4% 0.00 F7.62, 7.62] -
Subtotal (95% CI) 20 20 23.4% 0.00 [-7.62, 7.62] <&
Heterogeneity: Mot applicable
Test for owerall effect Z=0.00 (P =1.00%
6.1.3 Unknown LLLT dose vs placebo
Basford 1998, LLLT vs placeho LLLT in PF 374 B2.57 18 194 61.92 13 5.0% 18.00[28.21, 64.21] —
Macias 2015, LLLT vs placebo LLLT in PF 296 249 ar 54 16 32 220% 24.20[14.45 33.45] ——
Subtotal {95% CI} 52 45 26.9% 23.94[14.39, 33.48] -
Heterogeneity Tau?= 0.00; Chi*= 0.07, df=1 (P = 0.80); F= 0%
Test for overall effect: =4 92 (P = 0.00001)
Total {95% CI} 140 133 100.0%  13.62 [2.18, 25.06] -
Heterogeneity: Tau®= 130.26; Chi*=18.51, df= 6 (P = 0.005); = 68%

Test for overall effect 2= 2.33 (P =0.02)

Test for subgroup differences: Chi®=15.28 df= 2 (P = 0.0005), F= 86.9%

a0 25 0 25 A(0
Favours placebo Favours LLLT

AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; I, insoles;

LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S, stretching; TU, Therapeutic Ultrasound.

Figure S2 Subgroup pain results immediately after completed therapy - LLLT versus no intervention

LLLT

Study or Subgroup Mean

SD Total Mean

Control

SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Liu 2014, LLLT+ET vs ET in PT 62.86 10.4 7 46.43 10.69 7 47.4%  16.43 [5.38, 27.48] —a—

Cinar 2018, LLLT+S+| vs S+l in PF 38 249 24 20 2528 17 23.7%  18.00[2.39, 33.61] —_—

Cinar 2017, LLLT+S+Ivs S+linPF ~ 38.8 28.6 27 17.7 2192 22 28.9%  21.10[6.95, 35.25] —

Total (95% Cl) 58 46 100.0% 18.15 [10.55, 25.76] e
Heterogeneity: Tau? = 0.00; Chiz = 0.26, df = 2 (P = 0.88); 12 = 0% =_50 25 5 2=5 50=

Test for overall effect: Z = 4.68 (P < 0.00001)

ET, exercise therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF,

Favours control Favours LLLT

plantar fasciitis; PT, patellar tendinopathy; S, stretching.

Figure S3 Pain at follow-ups 8 weeks after completed therapy - LLLT versus no intervention

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Cinar 2018, LLLT+S+lys S+l in PF 44 1605 24 27 2917 17 70.0% 17.00[0.35 34.349] ——
Cinar 2017, LLLT+S+lys S+l in PF 441 61.76 27 18.2 3014 22 30.0% 2590058 52.38] =
Total (95% CI) 51 39 100.0% 19.67 [5.16, 34.18] ol
Heterogeneity: Tau®=0.00; Chi*=0.30, df=1 {P=048), F= 0% -SID -2'5 0 2'5 S'D

Test for overall effect 2= 266 (F=0.008)

Favours control  Favours LLLT

ET, exercise therapy; |, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; S, stretching.
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Figure S4 Overall and subgroup pain results - LLLT versus other interventions

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
9.3.1 Recommended LLLT dose vs other intervention
Liu 2014, LLLT vs ET in PT 5286 122 7 46.43 10.69 7 20.2% 6.43 [-5.59, 18.45] I
Cinar 2018, LLLT+S+l vs ESWT+S+l in PF 38 249 24 16 231 25 18.5%  22.00[8.54, 35.46] =
Subtotal (95% CI) 31 32 38.7% 13.91[-1.34, 29.15] i

Heterogeneity: Tau? = 78.83; Chi* = 2.86, df = 1 (P = 0.09); I> = 65%
Test for overall effect: Z=1.79 (P = 0.07)

9.3.2 Unknown LLLT dose vs other intervention

Sanmak 2019, LLLT vs ESWT in PF 10 2016 17 10 1923 17 18.8% 0.00 [-13.24, 13.24] —_—

Elsehrawy 2018, LLLT+S vs ESWT+S in PF 57 1545 23 46 1545 23 23.9%  11.00[2.07, 19.93] —
Koteeswaran 2020, LLLT+S vs TU+S in PF 354 256 15 74 601 15 18.7% 28.00 [14.69, 41.31] —
Subtotal (95% Cl) 55 55 61.3% 12.88 [-1.29, 27.04] i

Heterogeneity: Tau? = 120.11; Chi*=8.74, df =2 (P = 0.01); P=77%
Test for overall effect: Z=1.78 (P = 0.07)

Total (95% Cl) 86 87 100.0%  13.23 [4.07, 22.39] B
Heterogeneity: Tau? = 70.74; Chi? = 11.63, df = 4 (P = 0.02); I* = 66% :_ ~+ : |
Test for overall effect: Z = 2.83 (P = 0.005) 50 25 0 25 50

Favours control Favours LLLT
Test for subgroup differences: Chi2 = 0.01, df =1 (P = 0.92), I = 0%

ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; I, insoles; LLLT, Low-Level Laser Therapy; PF, plantar
fasciitis; PT, patellar tendinopathy; S = stretching; TU, Therapeutic Ultrasound.

Figure S5 Pain at follow-ups 4-12 weeks after completed therapy - LLLT versus other interventions

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
10.3.1 Recommended LLLT dose vs other intervention
Ulusay 2017, LLLT+ET+S vs ESWT+ET+S in PF 394 4041 g 386 444 20 7.8%  0.80[33.30, 34.800

Ulusoy 2017, LLLT+ET+S ws TU+ET+E in PF 394 4041 9 N e 17 Q6%  840[2202 3887
Cinar 2018, LLLT+S+| v ESWT+S+l in PF 44 249 24 22 3513 26 26.1% 22.00[5.00,39.00] - =
Subtotal (95% CI) M 62 43.5% 15.90 [2.30, 29.51] e ot

Heterogeneity: Tau?=0.00; Chi*=1.48 df=2 (P=048) F=0%
Testfor overall effect 2= 2.28 {(P=0.02)

10.3.3 Unknown LLLT dose vs other intervention

Sanmak 2019, LLLT vs ESWT in PF 20 3264 17 30 3876 17 14.3% -10.00[34.45 14.45] —_—T
Yuzer 2006, LLLT vs sternid injection in PF 48 2281 26 38 23327 30 422%  10.00F213, 2213 T
Subtotal {95% CI) 43 47 565%  2.93 [-15.80, 21.67] e

Heterogeneity: Tau®=103.01; Chi*= 2.06, df=1 (P =0158);, F= 52%
Testfor overall effect £=031{P=0.76)

Total (95% CI) 84 109 100.0% 9.41 [-0.44, 19.26] |~
Heterogeneaity: Tau = 2189, Chif=4.77 df=4 (P =031}, F=16% o s b -5 50
Test for overall effect: £=1.87 {F = 0.06) Favours contral  Favours LLLT

Test for subgroup differences: Chit=1.21, df=1 (P=0.27), F=17.0%

* (s3gv) Jnauadns juswaublasug

AT, Achilles tendinopathy; CT, cryotherapy; ESWT, Extracorporeal Shock Wave Therapy; ET, exercise therapy; |, insoles;
LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S, stretching; TU, Therapeutic Ultrasound.

Figure S6 Disability at follow-ups 4-8 weeks after completed therapy - LLLT versus placebo

LLLT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
8.1.1 Recommended LLLT dose vs placebo
MNaterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 203 1.72 20 144 3N 21 238% 0.23[-0.39,0.84] —
Stergioulas 2003, LLLT vs placebo LLLT in PT 55 8.04 18 25 1371 17 20.2% 0.26 [-0.40, 0.93] e e —
Subtotal {95% CI) 38 38 44.0% 0.24 [-0.21,0.70] —eli—

Heterogeneity: Tau®= 0.00; Chi*=0.01, df=1 (P =094, F= 0%
Testfor overall effect: Z=1.06 (P = 0.29)

8.1.3 Unknown LLLT dose vs placebo

Macias 2015, LLLT vs placebo LLLT in PF 11.5 24.68 ar o102 21 32 401% 0.05[-0.42,0.53]
Basford 1998, LLLT vs placeba LLLT in PF 25 3067 15 7.5 2206 13 16.0% 0.35[F0.39,1.10]
Subtotal (95% ClI) 52 45  56.0% 0.14 [-0.26, 0.54]

Heterogeneity: Tau®= 0.00; Chi*=0.44, df=1 {P=0513 F=0%
Testfor overall effect: Z= 065 (P = 0.49)

‘saIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

Total (95% CI) 90 83 100.0% 0.19 [-0.11, 0.49] p
Heterogeneity: Tau®= 0.00; Chi*= 056, df=3 (P =081), F=0% t } T t t

] -1 -0.5 0 05 1
Testfor overall effect =122 {P=0.22%) Favours placebo  Favours LLLT
Testfor subgroup differences: Chi= 011, df=1 (P=073), F=0%

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT,
patellar tendinopathy.
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Figure S7 Disability immediately after completed therapy - LLLT versus placebo

LLLT
Mean SD Total Mean

Control

Study or Subgroup SD Total

Std. Mean Difference Std. Mean Difference

7.1.1 Recommended LLLT dose vs placebo

Stergioulas 2003, LLLT vs placebo LLLT in PT 22 1631 18 1.7 1213 17
MNaterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 1.7 1749 20 0EBY 276 2
Subtotal (95% CI) 38 38
Heterogeneity: Tau®=0.00; Chi*=0.74, df=1 {P =038}, F= 0%

Testfor overall effect Z=1.07 (P =0.29)

7.1.3 Unknown LLLT dose vs placebo

Basford 1998, LLLT ws placeho LLLT in PF 445 2154 16 245 1856 15
Subtotal {(95% CI) 16 15
Heterogeneity: Mot applicable

Testfor overall effect Z=027 (P=0.79)

Total (95% CI) 54 53
Heterogeneity: Tau®= 0.00; Chi*= 0.86, df= 2 (P = 0.65), F=0%

Testfor overall effect Z=1.04 (P =0.30)

Testfor subgroup differences: Chi*=012, df=1 (P=0.73), F=0%

Weight IV, Random, 95% CI IV, Random, 95% CI
33.0% 0.03 [0.63, 0.70] ——

A7 7% 0.43[0.18,1.08] R B
70.8% 0.25 [-0.21, 0.70] i
29.2% 0.0 [0.61, 0.80] —_—
29.2% 0.10 [-0.61, 0.80] ———
100.0% 0.20 [-0.18, 0.58] ’

-2 -1 0 1 2
Favours placebo  Favours LLLT

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT,

patellar tendinopathy.

Figure S8 Disability immediately after completed therapy - LLLT versus other interventions

LLLT Control

Study or Subgroup

Mean SD Total Mean SD Total Weight

$td. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 5% CI

11.3.1 Recommended LLLT dose vs other intervention

Liu 2014, LLLTws ETin PT 25 6.4 ¥ 2371 583 7 25.0% 0.20 [-0.85, 1.25]

Subtotal (95% CI) 7 7 250% 0.20 [-0.85, 1.25]

Heterageneity: Mot applicahle

Testfor overall effect: Z= 037 (P=0.71)

11.3.2 Unknown LLLT dose vs other intervention

Elsehrawy 2018, LLLT+5 vs ESVWT+5 in PF 347 514 23 328 4977 23 ME% 0.26 [-0.32, 0.85] —T
Koteeswaran 2020, LLLT+Sws TU+S in PF - 26.94 19.45 15 8.07 883 15 33.2% 1.28[0.48, 2.07] L —
Subtotal (95% CI) 38 38 T75.0% 0.73[-0.26,1.72] —reag———
Heterogeneity: Tau®= 0.389; Chi*=4.07 df=1 (P=004), F=75%

Testfor overall effect: Z=1.44 (P =0.14)

Total (95% CI) 45 45 100.0% 0.58 [-0.11, 1.27] toesi——
Heterogeneity: Tau®= 0.21; Chi®= 459, df= 2 (P=010); F= 56% t t

Testfor overall effect: Z=1.66 (F=0.10)
Testfor subgroup differences: Chi*= 0483, df=1{F=047), F=0%

ET, exercise therapy; ESWT, Extracorporeal Shock Wave Therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT,

patellar tendinopathy; S, stretching; TU, Therapeutic Ultrasound.

\ \
2 A 0 1 2
Favours control Favours LLLT

Figure S9 Disability immediately after completed therapy - LLLT versus no intervention

LLLT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Cinar 2017, LLLT+S5+ wvs S+l in PF 1.14 1422 27 086 145 22 BO2% 0.19[-0.37, 0.76]
Liy 2014, LLLT+ET v ET in PT IrF NgT ¥O23T1 583 Too30.8% 1.41[0.20, 2.63] —
Total {(95% CI) 34 29 100.0% 0.68 [-0.49, 1.85]
Heterogeneity, Tau®= 0.51; Chi*= 318, df=1 (P = 0.07); F= 9% 52 51 1 15 é

Testfor overall effect Z=1.14 (P = 0.26)

ET, exercise therapy; |, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S, stretching.

Favours no intervention Favours LLLT

Figure S10 Disability at follow-up 9 weeks after completed therapy - LLLT versus no intervention

LLLT Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Cinar 2017, LLLT+S+ws S+l in PF 223 1.8 ¥ 123 1. 22 100.0% 052 [0.24,1.41]
Total {95% CI) 27 22 100.0% 0.82 [0.24, 1.41] —ee
Heterageneity: Mot applicable 3 o b o' 1

Testfor overall effect 2= 2.75 (P =0.008)

ET, exercise therapy; |, insoles; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT, patellar tendinopathy; S, stretching.

Favours no intervention Favours LLLT
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Allocating the study by Darre et al. 1994 to the unknown laser dose subgroup eliminates the statistical

heterogeneity in the recommended laser dose subgroup and increases the estimate of placebo-controlled pain

reduction to 21.12 mm VAS ((95% ClI: 14.94 to 27.31), 12 = 0%, N = 278) immediately after completed

therapy (Figure S11).

Figure S11 Alternative LLLT dose subgrouping

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
5.1.1 Recommended LLLT dose vs placebo
Darre 1994, LLLT vs placebo LLLT in AT 40.5 37.91 46 52 34.37 43  0.0% -11.50[-26.52, 3.52]
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 299 10 17.2 17.75 10 8.2% 5.40[-16.15, 26.95] -
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 28.9 2918 20 11.54 35.09 21 8.9%  17.36 [-2.36, 37.08) T
Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 8.9 25 13.8% 22.00[13.31, 30.69] e
Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 8.3 53 40 7.6% 23.70 [0.47, 46.93] =
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 248 25 26 0 25 26 11.6% 24.80[11.21, 38.39] —
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 71.04 18 64 1239 17 49% 29.10 [-4.24, 62.44] T
Subtotal (95% CI) 139 139  54.8% 21.12[14.94, 27.31) L 2
Heterogeneity: Tau? = 0.00; Chi2 = 2.77, df = 5 (P = 0.74); I = 0%
Test for overall effect: Z = 6.69 (P < 0.00001)
5.1.2 Non-recommended LLLT dose vs placebo
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 20 14.0%  -3.00 [-11.17,5.17] —
Subtotal (95% CI) 20 20 14.0% -3.00 [-11.17, 5.17] <&
Heterogeneity: Not applicable
Test for overall effect: Z=0.72 (P = 0.47)
5.1.3 Unknown LLLT dose vs placebo
Darre 1994, LLLT vs placebo LLLT in AT 40.5 37.91 46 52 34.37 43 109% -11.50[-26.52, 3.52] -
Basford 1998, LLLT vs placebo LLLT in PF 34.4 4558 16  26.1 29.26 15 6.4% 8.30[-18.50, 35.10] T
Macias 2015, LLLT vs placebo LLLT in PF 19.8 2249 37 8.7 14.56 32 138% 11.10 [2.27, 19.93] "
Subtotal (95% CI) 99 90 31.1% 2.58 [-13.60, 18.75] -
Heterogeneity: Tau® = 135.31; Chi* = 6.51, df = 2 (P = 0.04); ¥ = 69%
Test for overall effect: Z = 0.31 (P = 0.75)
Total (95% CI) 258 249 100.0% 11.48 [2.68, 20.28] 2
Heterogeneity: Tau? = 126.14; Chi? = 32.84, df = 9 (P = 0.0001); I* = 73% 1_100 -5’0 s 550 1001

Test for overall effect: Z = 2.56 (P = 0.01)

Test for subgroup differences: Chi? = 22.55, df = 2 (P < 0.0001), ?=91.1%

Favours placebo  Favours LLLT

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT,

patellar tendinopathy; S, stretching.

Risk-of-bias within studies post-hoc analyses

Figure S12 Blinded versus unblinded assessor

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
17.1.1 Blinded assessor
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 20 21.1% -3.00 [-11.17, 5.17] =
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 299 10 17.2 17.75 10 11.0% 5.40[-16.15, 26.95] 1
Basford 1998, LLLT vs placebo LLLT in PF 34.4 4558 16  26.1 29.26 16 8.4% 8.30[-18.50, 35.10] D
Macias 2015, LLLT vs placebo LLLT in PF 19.8 2249 37 8.7 14.56 32 206%  11.10[2.27, 19.93] -
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 289 29.18 20 11.54 35.09 21 121% 17.36 [-2.36, 37.08] T =
Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 89 25 20.7% 22.00[13.31, 30.69] =
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 71.04 18 6.4 12.39 17 6.2% 29.10[-4.24, 62.44] 1T
Subtotal (95% CI) 146 140 100.0%  11.38 [1.85, 20.91] P
Heterogeneity: Tau? = 94.57; Chi? = 19.09, df = 6 (P = 0.004); I> = 69%
Test for overall effect: Z = 2.34 (P = 0.02)
17.1.3 Un-blinded assessor
Darre 1994, LLLT vs placebo LLLT in AT 405 37.91 46 52 34.37 43 34.8% -11.50[-26.52, 3.52] —
Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 8.3 53 40 29.7%  23.70[0.47, 46.93] "
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 248 25 26 0 25 26 355% 2480[11.21,38.39] —
Subtotal (95% CI) 112 108 100.0% 11.86 [-13.50, 37.21] ———
Heterogeneity: Tau? = 422 .80; Chi? = 13.73, df =2 (P = 0.001); I? = 85%
Test for overall effect: Z = 0.92 (P = 0.36)

-50 -25 0 25 50

Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.97), F = 0%

Favours placebo Favours LLLT

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT,

patellar tendinopathy; S, stretching.
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Figure S13 Blinded versus unblinded therapist

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
19.1.1 Blinded therapist
Darre 1994, LLLT vs placebo LLLT in AT 40.5 37.91 46 52 34.37 43  19.9% -11.50[-26.52, 3.52] —
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 20 236% -3.00[-11.17,5.17] — =
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 299 10 17.2 17.75 10 16.1% 5.40[-16.15, 26.95] N e A—
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 28.9 29.18 20 11.54 35.09 21 17.1% 17.36 [-2.36, 37.08] T
Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 8.9 25 234% 22.00[13.31, 30.69] —
Subtotal (95% CI) 121 119 100.0%  5.98 [-8.14, 20.10] il

Heterogeneity: Tau? = 202.36; Chi? = 24.10, df = 4 (P < 0.0001); I> = 83%
Test for overall effect: Z=0.83 (P = 0.41)

19.1.3 Un-blinded therapist

Basford 1998, LLLT vs placebo LLLT in PF 34.4 4558 16 26.1 29.26 15 6.6% 8.30[-18.50, 35.10] -1 -
Macias 2015, LLLT vs placebo LLLT in PF 19.8 22.49 37 8.7 14.56 32 55.3% 11.10 [2.27, 19.93] ——
Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 8.3 53 40 8.8% 23.70[0.47, 46.93] -
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 24.8 25 26 0 25 26 24.9% 24.80[11.21, 38.39] —
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 71.04 18 6.4 12.39 17 4.3%  29.10[-4.24, 62.44] .
Subtotal (95% CI) 137 130 100.0% 16.21 [9.26, 23.16] L 4
Heterogeneity: Tau? = 2.44; Chi* = 4.13,df =4 (P = 0.39); I’ = 3%
Test for overall effect: Z = 4.57 (P < 0.00001)

50 25 0 25 50

" Favours placebo Favours LLLT
Test for subgroup differences: Chi? = 1.62, df =1 (P =0.20), I? = 38.4%

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT,
patellar tendinopathy; S, stretching.

Risk-of-bias across studies - random versus fixed effects meta-analysis results of pain

There was almost no difference between the pain point estimates of the random and fixed effects models
(pain immediately after the end of therapy), that is, 11.48 mm versus 10.21 mm VAS, indicating that no
small study bias exists (Figures S14 and S15).

Figure S14 Random effects meta-analysis model

LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.1.1 Recommended LLLT dose vs placebo
Darre 1994, LLLT vs placebo LLLT in AT 40.5 37.91 46 52 34.37 43 10.9% -11.50[-26.52, 3.52] -7
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 2286 299 10 17.2 17.75 10 8.2% 540[-16.15, 26.95] T
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 289 2918 20 1154 35.09 21 8.9% 17.36 [-2.36, 37.08] T
Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 89 25 13.8% 22.00[13.31, 30.69] —
Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 83 53 40  7.6%  23.70[0.47,46.93] -
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 24.8 25 26 0 25 26 11.6% 24.80[11.21, 38.39] —
Stergioulas 2003, LLLT vs placebo LLLT in PT 355 71.04 18 6.4 12.39 17 4.9% 29.10[-4.24, 62.44] T
Subtotal (95% Cl) 185 182 65.7% 14.98 [3.74, 26.22] -

Heterogeneity: Tau? = 140.53; Chiz = 18.27, df = 6 (P = 0.006): I = 67%
Test for overall effect: Z=2.61 (P = 0.009)

5.1.2 Non-recommended LLLT dose vs placebo

Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 20 140%  -3.00[-11.17,5.17] —u-
Subtotal (95% CI) 20 20 14.0% -3.00 [-11.17, 5.17] <&

Heterogeneity: Not applicable
Test for overall effect: Z=0.72 (P = 0.47)

5.1.3 Unknown LLLT dose vs placebo

Basford 1998, LLLT vs placebo LLLT in PF 344 4558 16 261 29.26 15 6.4%  8.30[-18.50, 35.10] - 1
Macias 2015, LLLT vs placebo LLLT in PF 19.8 2249 37 87 1456 32 13.8%  11.10[2.27, 19.93] —-—
Subtotal (95% CI) 53 47  202% 10.83 [2.44, 19.21] <&

Heterogeneity: Tau? = 0.00; Chi* = 0.04, df = 1 (P = 0.85); I?°= 0%
Test for overall effect: Z=2.53 (P =0.01)

Total (95% CI) 258 249 100.0%  11.48 [2.68, 20.28] <&
Heterogeneity: Tau? = 126.14; Chi* = 32.84, df = 9 (P = 0.0001); I* = 73%
Test for overall effect: Z=2.56 (P = 0.01)

Test for subgroup differences: Chi* = 8.38, df = 2 (P = 0.02), 2 =76.1%

t00 50 0 50 100
Favours placebo Favours LLLT

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT,
patellar tendinopathy; S, stretching.
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Figure S15 Fixed effects meta-analysis model
LLLT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
5.1.1 Recommended LLLT dose vs placebo
Darre 1994, LLLT vs placebo LLLT in AT 405 379 46 52 34.37 43 7.4% -11.50 [-26.52, 3.52] - I
Tumilty 2008, LLLT+ET vs placebo LLLT+ET in AT 226 299 10 17.2 17.75 10 36% 5.40[-16.15, 26.95] I
Naterstad, LLLT+ET+CT vs placebo LLLT+ET+CT in AT 28.9 29.18 20 11.54 35.09 21 4.3% 17.36 [-2.36, 37.08] T
Kiritsi 2010, LLLT vs placebo LLLT in PF 40 203 25 18 8.9 25 22.2% 22.00[13.31, 30.69] —
Lamba 2013, LLLT+S vs placebo LLLT+S in PF 32 53 40 8.3 53 40 3.1% 23.70[0.47, 46.93] -
Stergioulas 2008, LLLT+ET vs placebo LLLT+ET in AT 248 25 26 o 25 26 9.1% 24.80[11.21, 38.39] -
Stergioulas 2003, LLLT vs placebo LLLT in PT 35.5 71.04 18 6.4 12.39 17 1.5% 29.10 [-4.24, 62.44] n
Subtotal (95% CI) 185 182 51.2% 16.39 [10.67, 22.11] L 2
Heterageneity: Chi? = 18.27, df = 6 (P = 0.006); I> = 67%
Test for overall effect: Z = 5.62 (P < 0.00001)
5.1.2 Non-recommended LLLT dose vs placebo
Tumilty 2012, LLLT+ET vs placebo LLLT+ET in AT 6 171 20 9 745 20 25.0% -3.00[-11.17,5.17] :
Subtotal (95% CI) 20 20 25.0% -3.00[-11.17,5.17]
Heterogeneity: Not applicable
Test for overall effect: Z=10.72 (P =0.47)
5.1.3 Unknown LLLT dose vs placebo
Basford 1998, LLLT vs placebo LLLT in PF 34.4 45.58 16  26.1 29.26 1% 2.3% 8.30[-18.50, 35.10] -1
Macias 2015, LLLT vs placebo LLLT in PF 19.8 2249 37 8.7 14.56 32 215% 11.10[2.27,19.93] —=
Subtotal (95% CI) 53 47 23.8% 10.83 [2.44, 19.21] <&
Heterogeneity: Chi? = 0.04, df = 1 (P = 0.85); I? = 0%
Test for overall effect: Z = 2.53 (P = 0.01)
Total (95% Cl) 258 248 100.0% 10.21[6.12, 14.30] ’
Heterogeneity: Chi? = 32.84, df = 9 (P = 0.0001); I? = 73% =-1oo _550 o

Test for overall effect: Z = 4.89 (P < 0.00001)

Test for subgroup differences: Chi* = 14.54, df = 2 (P = 0.0007), I = 86.2%

AT, Achilles tendinopathy; CT, cryotherapy; ET, exercise therapy; LLLT, Low-Level Laser Therapy; PF, plantar fasciitis; PT,

patellar tendinopathy; S, stretching.

Funnel plot of pain results immediately after completed therapy indicating that small study bias is absent

(Figure S16).

Figure S16 Funnel plot

o SE(MD)

MD

20 f
-100 -50

100

Non-recommended LLLT dose vs placebo

Subgroups
F Recommended LLLT dose vs placebo

L] Unknown LLLT dose vs placebo

LLLT, Low-Level Laser Therapy; MD, mean difference; SE, standard error.

Favours placebo Favours LLLT
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