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Abstract 
Purpose: The aim of this umbrella review is to determine the effectiveness of LLLT in the treatment of LET and to provide recommendations based on this evidence.
Methods: A comprehensive and systematic review was undertaken using Medline, EBSCO and EMBASE. Systematic reviews or meta-analysis were included if they compared Laser with at least one of the following: (i) placebo, (ii) no treatment, (iii) another treatment, conservative (physical therapy intervention or medical) or operative of LET. Principal outcomes included the assessment of short and long-term effect on functional status, pain, grip strength (pain-free or maximum) and a global measure (overall improvement). 
Results: Seven papers met the inclusion criteria for the umbrella review, Five papers were of moderate and two of low methodological quality. All reviews reported benefits associated with laser therapy Vs other intervention or placebo, however the significance of the identified benefits differed between studies and reviews. No review reported negative effects of laser therapy or harm to patients. All reviews noted significant variance between included studies with 2 reviews citing statistically significant heterogeneity. It is essential to consider this  in the interpretation of these data. 
Conclusion: This umbrella review found poor results for the effectiveness of LLLT in the management of LET. Therefore, further research with well-designed RCTs is required to provide meaningful evidence on the effectiveness (absolute and relative) of LLLT for the management of LET.
Key words: Low Level Laser Therapy, Lateral elbow tendinopathy, Functional status, pain, grip strength overall improvement, umbrella review.
Introduction
Lateral elbow tendinopathy (LET) appears to be the most appropriate term to use in clinical practice because all the other terms such as lateral epicondylitis, lateral epicondylalgia, lateral epicondylosis and/or tennis elbow make reference to inappropriate aetiological, anatomical and pathophysiological terms [1]. LET is one of the most common lesions of the arm work-related or sport-related pain disorder. The condition is usually defined as a syndrome of pain in the area of the lateral epicondyle [2] that may be degenerative or failed healing tendon response rather than inflammatory [3]. Hence, the increased presence of fibroblasts, vascular hyperplasia, proteoglycans and glycosaminoglycans together with disorganized and immature collagen may all take place in the absence of inflammatory cells [4]. The most commonly affected structure is the origin of the extensor carpi radialis brevis (ECRB) [4]. The dominant arm is commonly affected, the peak prevalence of LET is between 30 and 60 years of age [2,5] and the disorder appears to be of longer duration and severity in women [3,6].
The main complaints of patients with LET are pain and decreased function [2,3] both of which may affect daily activities. Diagnosis is simple, and a therapist should be able to reproduce this pain in at least one of three ways: (1) digital palpation on the facet of the lateral epicondyle, (2) resisted wrist extension and/or resisted middle-finger extension with the elbow in extension, and (3) by getting the patient to grip an object [2,3,5]
Although the signs and symptoms of LET are clear and its diagnosis is easy, to date, no ideal treatment has emerged. Many clinicians advocate a conservative approach as the treatment of choice for LET [2,3,7,8]. Physiotherapy is a conservative treatment that is usually recommended for LET patients [2–9] . A wide array of physiotherapy treatments such as electrotherapeutic (ultrasound, ESWT, TENS, iontophoresis) and non-electrotherapeutic modalities (exercise programs, soft tissue manipulation, and acupuncture). have been recommended for the management of LET [10–13]. These treatments have different theoretical mechanisms of action, but all have the same aim, to reduce pain and improve function. Such a variety of treatment options suggests that the optimal treatment strategy is not known, and more research is needed to discover the most effective treatment in patients with LET [10–13].
Low Level Laser Therapy (LLLT) has attracted much interest in the last 25-30 years as it has been effectively applied to common musculoskeletal conditions with the aim to reduce pain and elevate quality of life [14]. Its effectiveness on LET has been evaluated in previously published systematic reviews [11,15–18]. To our knowledge, there has been no umbrella review of LLLT for the management of LET. Therefore, the aim of this umbrella review is to determine the effectiveness of LLLT in the treatment of LET and to provide recommendations based on this evidence. We assessed the potential for bias in this literature, supported by the most robust epidemiological evidence.

Methods
This review was conducted using the Preferred Reporting Items of Systematic Reviews Meta-Analyses (PRISMA) guidelines [19]. A systematic review design was selected to limit any bias in the selection and reporting of evidence.
Search strategy
A comprehensive and systematic review was undertaken using Medline, EBSCO and EMBASE. The search strategy included a combination of free text and Medical Subject Heading (MeSH) terms (Table 1). Only peer reviewed systematic reviews published after 1980 were included. Secondary searching of the reference lists of retrieved papers was undertaken to identify any additional reviews that met the inclusion criteria.
Table 1. Concepts searched and the keywords related to these concepts
	Concept
	Keywords

	Lateral epicondylitis
	Lateral elbow tendinopathy OR Lateral epicondylitis OR Tennis elbow OR Extensor tendonitis OR Extensor tendinosis OR Extensor tendinopathy OR Lateral elbow OR Fathers of the Bride's elbow OR Enthesopathy OR Epicondylosis


	Treatment






	Light Therapy OR Therapeutic Laser OR Low Level Laser Therapy OR Low Power Laser Therapy OR Low Level Laser OR Low energy Laser OR Soft Laser OR Low intensity level laser OR Low intensity OR laser therapy OR photo biostimulation laser OR photobiomulation laser OR medical laser OR laser therapy OR biostimulation laser OR bioregulation laser 


	Systematic Review

	Systematic review OR Meta-analysis


Selection procedures
Papers were retrieved based on whether the title and abstract or, if required, the full manuscript met the inclusion criteria for this review. Papers identified through the search were assessed based on the inclusion and exclusion criteria by two independently reviewers (KP and IM). Where there was discrepancy, all the authors discuss the issues and reached consensus.  
Inclusion criteria
Systematic reviews or meta-analysis were included if they met the following inclusion criteria. Firstly, the paper needed to report a systematic review or meta-analysis of original intervention studies. Articles that did not meet the PRISMA [19] definition of a systematic review or meta-analysis were excluded. Secondly, the review had to compare Laser with at least one of the following: (i) placebo, (ii) no treatment, (iii) another treatment, conservative (physical therapy intervention or medical) or operative. Finally, due to resource constraints and ease of access, reviews that were published in any other than English were excluded from the analysis. 
Population of interest were patients diagnosed with lateral elbow tendinopathy, or lateral elbow increased by pressure on the lateral epicondyle and during resisted dorsiflexion of the wrist.
Data extraction
The data were extracted into a custom-build form based on tools used in other systematic reviews of reviews [20] by two reviewers (KP and IM). The form contained categories regarding the characteristics and results of the included reviews. All data was compared and where differences were identified, the authors discuss issues and reached a consensus decision. 
Where the original reviews did not report a meta-analysis of results comparing only laser with any other comparator, we performed this ourselves where the data were available.  The inverse variance method with random effects was used to obtain an estimate of the pooled mean difference.
Methodological quality
A two-stage process was undertaken to evaluate both the type of evidence contained in each included review, and the quality of the review process used. In the first stage of this process, the level of evidence was graded using the Scottish Intercollegiate Guidelines Network (SIGN) hierarchy [21]  (Table 2). In the second stage of this process, the quality of included systematic reviews and meta-analyses were assessed using the AMSTAR score [22], a tool to assess the methodological quality of systematic reviews. The AMSTAR score has been previously validated as a measure of quality in research reviews [22].  Two reviewers independently scored each review using AMSTAR tool (KP and IM) and any disparities were discussed with a third reviewer (DL) until consensus was reached.  
Table 2. SIGN hierarchy of evidence 
	Level of
Evidence
	Descriptor

	1++
	High quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias

	1+
	Well-conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias

	1-
	Meta-analyses, systematic reviews, or RCTs with a high risk of bias

	2++
	High quality systematic reviews of case control or cohort or studies
High quality case control or cohort studies with a very low risk of confounding or bias and a high probability that the relationship is causal

	2+
	Well-conducted case control or cohort studies with a low risk of confounding or bias and a moderate probability that the relationship is causal

	2-
	Case control or cohort studies with a high risk of confounding or bias and a significant risk that the relationship is not causal

	3
	Non-analytic studies, e.g. case reports, case series

	4
	Expert opinion


Outcomes	
Principal outcomes included the assessment of short and long-termeffect on functional status, pain, grip strength (pain-free or maximum) and a global measure (overall improvement). 

Results
Fourteen papers were identified by the search strategy and assessed against the umbrella review inclusion criteria [2,9–11,13,15–18,23–27]  All reviewers agreed that seven papers met the inclusion criteria for the umbrella review [2,10,11,15–18] . Papers were excluded if they did not distinguish individuals with lateral elbow tendinopathy (tennis elbow), from those in other disease groups, the intervention did not involve the effects of laser therapy or did not report a formal systematic review. The flowchart in Figure 1 outlines the process for selecting the included systematic reviews. 
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Figure 1: Study Selection
Studies included in quantitative synthesis
Five papers [2,11,15,17,18]  were of moderate and two [10,16] of low methodological quality, respectively. Table 3 provides details of the AMSTAR quality assessment, with explanations regarding the scoring decisions. The quality features of included systematic reviews are well or high quality meta-analyses or systematic reviews of RCTs with low or a very low risk of bias presented in SIGN grading system too.
In some reviews it was possible to compare outcomes between various types of intervention, whilst in others various interventions were combined in the analysis. This variation is a reflection of the current state of the literature and the significant variety of operational definitions of laser therapy between studies included in the reviews. 
A diverse range of outcomes was measured across the reviews.  As can be seen in Table 4 and 5, four reviews investigated short-term effect of pain [2,11,15,17], and three focused on long-term effect of pain [2,11,15]. Pain scores for both short-term and long-term effect were measured in most of the studies using either a continuous visual analogue scale (PVAS) or an ordinal points system. Four reviews investigated short effect of function [2,11,15,18] and three focused on long effect of function [2,11,15] (Table 6 and 7). They reported the dichotomous rating of success through a global improvement or patient satisfaction scale either short-term or/and long-term effect. Grip strength was reported in most reviews as either maximum grip strength (MGS) [2,17] or pain-free grip strength (PFGS) [2,15] (Table 8 and 9). The number of studies synthesized in the included reviews varied between 3 and 13 studies [7,28–41]. 
All reviews reported benefits associated with laser therapy Vs other intervention or placebo, however the significance of the identified benefits differed between studies and reviews. No review reported negative effects of laser therapy or harm to patients. All reviews noted significant variance between included studies with 2 reviews [17,18] citing statistically significant heterogeneity. It is essential to consider this  in the interpretation of these data. 
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Table 3: AMSTAR scores for the methodological quality of included reviews and SIGN hierarchy of the level of evidence of included reviews


Pain

Short-Term effect
Four reviews which investigated laser therapy and pain relief reported short-term effect of pain as an outcome measure  [2,11,15,17]. There was some variation in finding of “laser” use between reviews. Bjordal, et al. [15] reported continuous data for pain relief from 10 trials in a way, which made possible the statistical pooling of the results. At the first observation after the end of the treatment period, LLLT was significantly better than controls with a WMD of 10.2 mm [95% CI: 3.0 to 17.5] in favour of LLLT on a 100 mm VAS (p = 0.005). In a subgroup of five trials [33,34,37,39,41] where 904 nm LLLT was administered directly to the tendon, LLLT reduced pain by 17.2 mm [95% CI: 8.5 to 25.9] more than placebo (p = 0.0001). One trial [36] with 632 nm LLLT, showed significantly better results for LLLT than a wrist brace and ultrasound therapy, but none of the results from trials with wavelengths of 820 nm or 1064 nm [28,32,38], or acupoint application technique [35] were significantly different from placebo. Weber, et al. [17]  reported two LLLT studies [28,39], one low frequency electrical stimulation study and one PEMF study reported sufficient data to be analyzed. Combined treatment groups gained 24.45 [95% CI = 10.24, 38.65) (I2 = 42%) units of pain relief (difference from baseline). Finally Smidt, et al. [11] and Bisset, et al. [2] from 2 trials each [28,32,40,41], showed no statistically significant pains’ effects on Short-term follow-up (≤ 6 weeks). The results are summarized in Table 4. 

Table 4: Summary table of included reviews – short term effect on pain


	Study
	Included Studies
	N
	Mean
	SD
	N
	Mean
	SD
	WMD(95% CI)

	Bjordal, et al., 2008
	Tendon Application 904nm

	
	Palimieri, [37]
	15
	45
	14
	15
	15.3
	11
	29.70 (20.69, 38.71)

	
	Vasselijen, et al. [40]
	15
	16
	12
	15
	6
	12
	10.00 (1.41, 17.59)

	
	Løgdberg-Andersson, Mutzell and Hazel, [34]
	73
	10
	25
	69
	-1
	25.8
	11.00 (2.64, 19.36)

	
	Stergioulas, [39]
	15
	29.3
	25.2
	15
	11.54
	24.88
	17.76 (-0.16, 25.68)

	
	Lam and Cheing, [33]
	21
	20.9
	26.2
	18
	2.2
	29
	18.70 (1.23, 36.17)

	
	
	
	
	
	
	
	
	 

	
	Tendon Application 820nm and 1064nm

	
	Krasheninnikoff, et al. [32]
	18
	19
	36
	18
	14
	35
	5.00 (-18.20, 28.20)

	
	Papadopoulos, et al. [38]
	15
	-1
	20.5
	16
	14
	21.2
	-15.00 (-29.68. -0.32)

	
	Basford, Sheffield and Cieslak, [28]
	23
	13.4
	29.9
	24
	17
	36.8
	-3.60 (-25.57, 18.37)

	
	
	
	
	
	
	
	
	 

	
	Acupoint application technique 904nm

	
	Lundeberg, Haker and Thomas, [35]
	38
	26
	20
	19
	22
	20
	4.00 (-7.01, 15.01)

	
	
	
	
	
	
	
	
	 

	
	Tendon Application 632nm versus brace

	
	Oken, et al., [36]
	20
	28
	12
	20
	14
	9
	14.00 (7.43, 20.57)

	
	Total: 10.24 (3.04, 17.45)

	
	
	
	
	
	
	
	
	 

	Weber, et al., 2015
	Basford, et al. [28]
	23
	47.7
	45
	23
	34.3
	28
	13.40 (-8.26, 35.06)

	
	Stergioulas, [39]
	31
	52.5
	20.82
	25
	23.2
	14.8
	29.30 (20.10, 38.50)

	
	
	
	
	
	
	
	
	 

	
	Total: 24.45  (10.24, 38.65)1

	
	
	
	
	
	
	
	
	 

	Smidt, et al., 2003
	 
	 
	 
	 
	 
	 
	 
	SMD(95% CI)

	
	Laser Vs Placebo

	
	Vasseljen, et al. [40]
	-
	-
	-
	-
	-
	-
	-0.25 (-0.96, 0.47)

	
	
	
	
	
	
	
	
	 

	
	Laser versus US + Friction Massage

	
	Vasseljen, et al. [40]
	-
	-
	-
	-
	-
	-
	0.92 (0.17, 1.67)

	
	
	
	
	
	
	
	
	 

	Bisset, et al., 2015
	 
	 
	 
	 
	 
	 
	 
	 

	
	Laser v placebo (NdYAG 204 mW/cm2)

	
	Basford, Sheffield and Cieslak, [28]
	-
	-
	-
	-
	-
	-
	0.37 (-0.21 to 0.94) 

	
	
	
	
	
	
	
	
	 

	
	Laser v placebo (GaAs 30 mW/830 nm)

	
	Krasheninnikoff, et al.[32]
	-
	-
	-
	-
	-
	-
	0.08 (-0.58 to 0.73) 


1 Calculate on a Random effect model – Mean Difference using Review Manager V. 5.0, I2 = 42% P=0.19

Long-Term effect
Three reviews which investigated laser therapy and pain relief reported long-term effect on pain as an outcome measure [2,11,15]. Bjordal, et al. [15] reported six  trials providing continuous follow-up data on a 100 mm VAS measured between 3 and 8 weeks after the end of treatment [28,33,35,36,39,41]. The combined WMD was 11.80 mm [95% CI: 7.5 to 16.1] in favour of LLLT. Contradictory results were reported for intermediate (6 weeks to 6 months) and long-term follow-up (≥6 months) assessments in Smidt, et al. [11] review, and for comparisons with other physiotherapeutical modalities [35,40,41]. Based on the best evidence synthesis there is insufficient evidence to demonstrate either benefit or lack of effect of laser for lateral epicondylitis. On long term follow up of six months and one year, Bisset, et al [2], found no evidence of an effect seen with pooled data in laser over other or non-therapy [28,32,35]. The results are summarized in Table 5.
Table 5: Summary table of included reviews – long term effect on pain
	Study
	Included Studies
	N
	Mean
	SD
	N
	Mean
	SD
	WMD(95% CI)

	Bjordal, et al., 2008
	 
	 
	 
	 
	 
	 
	 
	 

	
	Tendon Application 904nm
	
	
	
	
	
	
	 

	
	Vasselijen, et al. [41]
	15
	16
	12
	16
	6
	12
	10 (1.41, 18.59)

	
	Stergioulas, [39]
	15
	42
	22.9
	16
	20.46
	23.8
	21.54 (4.83, 38.25)

	
	Lam and Cheing, [33]
	21
	36.6
	23.2
	18
	13.3
	29.3
	23.3 (6.52, 40.08)

	
	
	
	
	
	
	
	
	 

	
	Tendon Application 632nm versus brace
	
	
	
	
	
	
	 

	
	Oken, et al. [36]
	20
	28
	12
	20
	14
	9
	14 (7.43, 20.57)

	
	
	
	
	
	
	
	
	 

	
	Acupoint application 904nm
	
	
	
	
	
	
	 

	
	Lundeberg, Haker and Thomas, [35]
	38
	26
	20
	19
	22
	20
	4 (-7.01, 15.01)

	
	
	
	
	
	
	
	
	 

	
	Tendon Application 1064 nm
	
	
	
	
	
	
	 

	
	Basford, Sheffiled and Cieslak, [28]
	23
	31.4
	36
	24
	32.5
	28
	-1.10 (-19.59, 17.39)

	
	Total: 11.80 (7.54, 16.07)

	 
	
	
	
	
	
	
	
	 

	Smidt, et al., 2003
	 
	 
	 
	 
	 
	 
	 
	SMD(95% CI)

	
	Laser Vs Placebo

	
	Vasselijen, et al. [41]
	-
	-
	-
	-
	-
	-
	-0.46 (-1.19, 0.27)

	
	Lundeberg, Haker and Thomas, [35]
	-
	-
	-
	-
	-
	-
	-2 (-2.77, -1.22)

	
	
	
	
	
	
	
	
	SMD(95% CI)

	
	Laser versus US + Friction Massage

	
	Vasselijen, et al. [41]
	-
	-
	-
	-
	-
	-
	0.84 (0.09, 1.58)

	
	
	
	
	
	
	
	
	SMD(95% CI)

	
	Laser versus laser

	
	Lundeberg, Haker and Thomas, [35]
	-
	-
	-
	-
	-
	-
	-1.00 (-1.67, -0.33)

	
	 
	 
	 
	 
	 
	 
	 
	 

	 
	
	
	
	
	
	
	
	 

	Bisset, et al., 2015
	 
	 
	 
	 
	 
	 
	 
	SMD(95% CI)

	
	Laser v placebo (NdYAG 204 mW/cm2)

	
	Basford, Sheffiled and Cieslak, [28]
	-
	-
	-
	-
	-
	-
	0.58 (-0.01 to 1.17) 

	
	
	
	
	
	
	
	
	SMD(95% CI)

	
	Laser v placebo (GaAs 30 mW/830 nm)

	
	Krasheninnikoff, et al. [32]
	-
	-
	-
	-
	-
	-
	0.03 (-0.62 to 0.69) 

	
	
	
	
	
	
	
	
	SMD(95% CI)

	
	Laser v placebo (HeNe 632.8 nm, 1.56 mW; GaAs 904 nm, 0.07 mW)

	
	Lundeberg, Haker and Thomas, [35]
	-
	-
	-
	-
	-
	-
	0.98 (0.30 to 1.66) 

	
	 
	 
	 
	 
	 
	 
	 
	 



Overall Improvement

Short-Term effect
Four reviews which investigated laser therapy and overall improvement reported short term effect, as an outcome measure [2,11,15,18]. Sayegh, Robert and Strauch [18] assessed the overall improvement and found that neither laser therapy nor nonsurgical treatment was favored (RR = 1.35, 0.93–1.96]; p = 0.12; I2 = 12%). Smidt, et al. [11] reported no statistically significant effects on short-term follow-up (<6 weeks) in overall improvement. Bjordal, et al. [15] included seven trials [29,31,32,34,37,40,42] presented data in a way which allowed us to pool data for global improvement. LLLT was significantly better than placebo with an overall relative risk for improvement equal to 1.36 [95% CI: 1.16 to 1.60] (p = 0.002). In a subgroup analysis of five trials [29,34,37,40,42] where 904 nm LLLT was used to irradiate the symptomatic tendon, the relative risk for global improvement was significantly higher for LLLT that  than placebo [RR 1.53, 95% CI 1.28 to 1.83] (p < 0.0001). In the remaining two trials [31,32] where LLLT was administered to acupoints or with 820 nm wavelength, the relative risk for global improvement was not significantly different from placebo  [RR 0.80, 95% CI 0.50 to 1.22]. Bisset, et al [2] included only one study [32] investigated overall improvement with a null treatment effect. The results are summarized in Table 6.
Table 6: Summary table of included reviews – short term effect on overall improvement
	Study
	Included Studies
	Treatment Group (n/N)
	Control Group (n/N)
	RR (95% CI) Fixed

	Sayegh, Robert and Strauch, 2015
	Haker and Lundeberg  [42]
	12/18
	13/22
	1.13 (0.70, 1.82)

	
	Haker and Lundeberg [7]
	18/23
	9/19
	1.65 (0.98, 2.78)

	Total= 1.35 (0.93, 1.96)1

	 
	
	
	
	 

	Smidt, et al., 2003
	Laser Vs Placebo

	
	Vasseljen, [41]
	-
	-
	0.81 (0.61, 1.06)

	
	Haker and Lundeberg  [7]
	-
	-
	1.45 (0.96, 2.20)

	
	Haker and Lundeberg [31]  
	-
	-
	0.87(0.65, 1.16)

	
	Krasheninnikoff, et al. [32]
	-
	-
	1.07 (0.82, 1.39)

	
	Gudmundsen and Vikne, [29] 
	-
	-
	0.72 (0.60, 0.87)

	
	
	
	
	 

	
	Laser versus US + Friction Massage

	
	Vasseljen, [41]
	 
	 
	1.09 (0.73, 1.62)

	 
	
	
	
	 

	Bjordal, et al., 2008
	Tendon Application 904nm

	
	Palimieri, [37]
	14/15
	9/15
	1.56 (1.01, 2.40)

	
	Gudmundsen and Vikne, [29]
	42/47
	18/45
	2.23 (1.54, 3.24)

	
	Haker and Lundeberg [31] 
	16/29
	12/29
	1.33 (0.77, 2.30)

	
	Vasseljen, [41]
	12/15
	8/15
	1.5 (0.88, 2.57)

	
	Løgdberg-Andersson, Mutzell and Hazel, [34]
	47/74
	35/68
	1.23 (0.92, 1.65)

	
	
	
	
	 

	
	Tendon Application 820nm (+/- 40)

	
	Krasheninnikoff, et al. [32]
	11/18
	10/18
	1.10 (0.63, 1.91)

	
	
	
	
	 

	
	Acupoint application technique 904nm

	
	Haker and Lundeberg  [7]
	10/23
	17/26
	0.66 (0.39, 1.15)

	
	 
Total = 1.36 (1.16, 1.60) 

	Bisset, et al., 2015
	Laser v placebo (GaAs 30 mW/830 nm)

	
	Krasheninnikoff, et al. [32]
	-
	-
	1.10 (0.63 to 1.91) 


1 Calculate on a Random effect model – Mean Difference using Review Manager V. 5.0, I2 = 12% P=0.29


Long Term effect
Three reviews which investigated laser therapy and overall improvement reported long term effect as an outcome measure [2,11,15]. Smidt, et al. [11] reported no statistically significant effects for intermediate (6 weeks to 6 months) and long-term follow-up (≥ 6 months) on overall improvement. For global improvement, Bjordal, et al. [15] included three trials [29,31,40] providing data suitable for statistical pooling, and the pooled RR was calculated to 1.68 [95% CI: 1.32 to 2.13] in favour of LLLT. Bisset, et al [2] included only one study [32] investigated overall improvement with a null treatment effect. The results are summarized in Table 7.
Table 7: Summary table of included reviews – long term effect on overall improvement
	Study
	Included Studies
	Treatment Group (n/N)
	Control Group (n/N)
	RR (95% CI) Fixed

	Smidt, et al., 2003
	Laser Vs Placebo

	
	Vasseljen, [41]
	-
	-
	0.67 (0.39, 1.14)

	
	Haker and Lundeberg  [7]
	-
	-
	0.95 (0.51, 1.75) 

	
	Haker and Lundeberg  [31]
	-
	-
	 0.93 (0.56, 1.53) 

	
	Lundeberg, Haker and Thomas, [35]
	-
	-
	1.00 (0.63, 1.59)

	
	Laser versus US + Friction Massage

	
	Vasseljen, [41]
	-
	-
	1.60 (0.68, 3.77)

	 
	
	
	
	 

	Bjordal, et al., 2008
	Tendon Application 904nm

	
	Haker and Lundeberg  [7]
	42/47
	18/45
	2.23 (1.54, 3.24)

	
	Vasseljen, [41]
	12/16
	8/15
	1.5 (0.88, 2.57)

	
	
	
	
	 

	
	Acupoint application technique 904nm

	
	Haker and Lundeberg  [7]
	17/23
	17/26
	1.13 (0.78, 1.64)

	 
	Total: 1.68 (1.32, 2.13)

	 
	
	
	
	 

	Bisset, et al., 2015
	Laser v placebo (GaAs 30 mW/830 nm)

	
	Krasheninnikoff, et al. [32]
	-
	-
	1.10 (0.63 to 1.91) 



Grip Strength

Maximum handgrip strength
Two reviews investigated laser therapy effect and Maximum handgrip strength, as an outcome measure [2,17]. Weber, et al. [17] included two LLLT studies which reported maximum grip strength [28,33]. Comparison between treatment and control groups at the end of studies showed a non-significant result. Bisset, et al. [2] included only one study investigated Maximum handgrip strength with a null treatment effect [28]. The results are summarized in Table 8.
Table 8: Summary table of included reviews - Maximum handgrip strength
	 
	 
	Experimental - LLLT -
	Control
	 

	Study
	Included Studies
	Mean
	SD
	Total
	Mean
	SD
	Total
	Mean Difference (95% CI)

	 
	
	
	
	
	
	
	
	 

	Weber, et al., 2015
	Basford, Sheffiled and Cieslak,   [28]
	32.1
	33.6
	23
	34.5
	37
	24
	-2.40 (-22.59, 17.79)

	
	Lam and Cheing, [33]
	25.29
	8.26
	21
	19.56
	9.75
	18
	5.73 (0.01, 11.45)

	 
	
	
	
	
	
	
	
	 

	Bisset, et al., 2015
	Laser v placebo (NdYAG 204 mW/cm2)

	
	Basford, Sheffiled and Cieslak,   [28]
	-
	-
	-
	-
	-
	-
	-0.07 (-0.64 to 0.51) 



Pain free grip strength 

Two reviews investigated laser therapy effect and Pain free grip strength, as an outcome measure [2,15]. Bisset, et al. [2] included two studies investigated pain free grip strength with no statistically significant results [7,30]. Bjordal, et al. [15] reported significantly better results for LLLT in comparison to placebo with SMDs of 0.66 [95% CI: 0.42 to 0.90] [p < 0.0001). When trials were subgrouped by application technique and wavelengths, only trials with irradiation of tendons and wavelengths 632 nm [36] or 904 nm [33,39,43,44], showed positive results versus control with SMDs at 1.09 [95% CI: 0.42 to 1.76] and 1.30 [95% CI: 0.91 to 1.68], respectively. The results are summarised in Table 9. 
Table 9: Summary table of included reviews - Pain free grip strength
	Study
	Included Studies
	Mean
	SD
	Total
	Mean
	SD
	Total
	Mean Difference (95% CI)

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Bisset, et al., 2015
	Laser v placebo (HeNe 632.8 nm, 5 mW; GaAs 904 nm, 4 mW) 

	
	Haker and Lundeberg, [7]
	-
	-
	-
	-
	-
	-
	-0.37 (-0.89 to 0.15)

	
	Laser v placebo  (GaAs 904 nm, 12 mW) 

	
	Haker and Lundeberg, [30]
	-
	-
	-
	-
	-
	-
	0.47 (-0.10 to 1.04) 

	 
	
	
	
	
	
	
	
	 

	Bjordal, et al., 2008
	Tendon Application 904nm

	
	Haker and Lundeberg  [7]
	25
	34.3
	25
	0
	33.6
	24
	0.72 (0.14, 1.30)

	
	Vasseljen, [41]
	50
	20.1
	15
	-20
	20.10
	15
	3.39 (2.22, 4.55)

	
	Stergioulas, [39]
	7.2
	12.9
	15
	1.84
	11.6
	15
	0.43 (-0.3, 1.15)

	
	Lam and Cheing, [33]
	49.10
	11.9
	21
	13
	13.5
	18
	2.79 (1.89. 3.7)

	
	
	
	
	
	
	
	
	 

	
	Tendon Application 820nm and 1064nm

	
	Papadopoulos, et al. [38]
	-1
	11
	14
	9
	10
	15
	-0.93 (-1.7, -0.15)

	
	
	
	
	
	
	
	
	 

	
	Acupoint application technique 904nm

	
	Lundeberg, Haker and Thomas, [35]
	41.5
	26
	38
	38.2
	23
	19
	0.13 (-0.42, 0.68)

	
	Haker and Lundeberg  [7]
	17
	18
	23
	10
	18
	26
	0.38 (-0.18, 0.95)

	
	
	
	
	
	
	
	
	 

	
	Tendon Application 632nm versus brace

	
	Oken, et al. [36]
	10.5
	18
	20
	-7,5
	14
	20
	1.09 (0.42, 1.76)

	 
	Total : 0.66 (0.42, 0.90]


	
Studies included in qualitative synthesis 

The extensive search for relative reviews revealed two more reviews [10,16] which could not be used for further meta-analysis. The reason was the lack of additional information in the tables and the result sessions of those papers. Both reviews concluded to ambiguous results after comparing active LLLT treatment with placebo treatment. 
In more detail, Trudel, et al. [10] appraised the 8 studies included using the Sackett’s Level of Evidence [45] and separated them in two groups; level 1a and 2a (6 studies of higher level of evidence) [28,30,32,35,38,43,45] and level 2b (2 studies of lower level of evidence) [7,44] (Table 10). All studies included at least three of the following outcome measures: a) grip strength, b) pain severity, c) an incremental lifting test. Results of higher level studies showed that the active LLLT was not significantly better than the placebo laser for any of these outcomes in the treatment of lateral epicondylitis. On the other hand lower level evidence indicated that there was a significant short-and long-term improvement on pain, grip strength and incremental lifting.
Sims, et al., [16] examined non surgical treatment in lateral epicondylitis. Among other treatment, they also researched active laser treatment versus different types of laser and placebo laser. Authors reported the results of nine studies and separated them in two categories; early studies (studies from 1987 to 1996) [32,35,38,43,44] and later studies (studies from 2000 to 2010) [28,33,39,46]. The outcome measures used were different for each study with most dominant the improvement in pain, grip strength and functional assessment (Table 10). The results showed that early studies of laser therapy did not show an effect of treatment whereas more recent investigations did show substantial improvement for patients treated with laser therapy over those who received placebo therapy. In more detail, Lundeberg, et al. [35] studied two different types of laser (pulsed Ga–As and continuous He–Ne), with no difference between treatment and placebo groups up to 3 months after treatment. Four more RCTs studied the effect of either a Ga-As or Ga-Al-As laser versus sham laser therapy. Varying levels of energy were delivered per point in each study, and follow-up periods ranged from 7 weeks to 1 year. Three of those studies [32,38,42] did not report significant difference in results between laser therapy and placebo whereas a fourth study [40] did. 
Results of more recent studies conflict with those found previously. Basford et al. [28] conducted a double-blind RCT with a Nd-YAG laser and placebo which did not demonstrate a difference in outcome at 4 weeks. However, a study by Stergioulas, [39] combined plyometric exercise with Ga-As laser or placebo laser and found a significant (p<0.05) improvement in VAS and strength at 8 and 16 weeks in the active treatment group. A similar study by Lam and Chein, [33] looking only at short-term outcomes of Ga-As laser treatment at 3 weeks found comparable results (p<0.0125). Emanet et al., [46] also found positive results of LLLT in their double-blind RCT using a Ga-As laser and additional physical therapy for both groups with a statistically significant (p<0.05) difference with respect to improved pain, grip strength, and functional assessment in favor of the treatment group at 12 weeks.
Table 10: Results from studies included in qualitative synthesis 

	Study
	Studies included
	Outcome measures
	Results

	Trudel et al., 2004
	1a+2a studies

Lundeberg, Haker and Thomas, [35]
Haker and Lundeberg, [31]
Krasheninnikoff, et al. [32]
Basford, Sheffield and Cieslak, [28]
Haker and Lundeberg, [42]
Papadopoulos, et al. [38]
2b studies
Vasseljen, [41]
Haker and Lundeberg, [42]
	Grip strength, pain severity and an incremental lifting test
All studies included at least these 3 outcomes
	6 level 1a and 2a studies (Sackett’s Level of Evidence) examined a total of 294 subjects and scores ranging between 29 to 44 out of 48 suggested that active laser is not significantly better than placebo laser for any of these outcomes in the treatment of lateral epicondylitis.

Alternatively, two level 2b studies examined a total of 30 participants with a total of 93 subjects and scores ranging from 31 to 39 out of 48 indicated that there was significant short- and long-term improvement on pain, grip strength, and incremental lifting.



	Sims et al., 2014
	Early studies
Lundeberg, Haker and Thomas, [35]
Haker and Lundeberg [42]
Krasheninnikoff, et al. [32]
Papadopoulos, et al. [38]
Vasseljen, [41]
Later studies
Basford, Sheffield and Cieslak, [28]
Stergioulas, [39]
Lam and Cheing, [33]
Emanet, et al. [46]
	Improvement in pain, grip
strength, and functional assessment 
Different outcomes for each study
	Early Studies
Three studies did not demonstrate a difference in results
between laser therapy and placebo (although
one of these studies did not include 25 % of subjects lost to follow-up) whereas a fourth study did .
Later studies
Three studies reported significant positive long and short-term results of active LLLT versus placebo. One study showed no significant short-term difference between active LLLT versus placebo 




Discussion
In this umbrella review, the effectiveness of LLLT was assessed by searching databases in combination with reference checking for systematic reviews and meta analyses. It is the first umbrella review to assess the effectiveness of LLLT in the management of LET. Poor results for LLLT in LET were found. LLLT has attracted much interest as it is applied to common musculoskeletal conditions such as LET [14]. Helium-neon (HeNe) and gallium arsenide (GaAs) are the two most common types of LLLT. It is primarily used in practice for pain alleviation, assisting tissue healing at cellular level, and improvement of function by inference. However, Gam, et al. [47] concluded that LLLT has no effect on pain in musculoskeletal syndromes and Mulcahy, et al. [48] concluded that LLLT acts primarily as a placebo.

Although results showed poor LLLT effectiveness in the LET management,  the LLLT cannot be ruled out from the list of LET treatment. The reason is that LLLT is a dose-response modality, [7,49] and the optimal treatment dose has obviously not yet have been identified. Analysis of the dose response was difficult to be tested, because of poor reporting of parameters and a dearth of clinical studies comparing the effectiveness of different treatment modality variables [47].

LLLT is the form of light therapy that is usually recommended as a supplement to the exercise program in the management of tendinopathies [49].  LLLT has been shown to have potential to modulate the degenerative process. It is known that LET, is a degenerative process and not inflammatory one. In addition, the biostimulatory effects of LLLT have been shown to reduce cell apoptosis [50] and promote collagen fiber synthesis within a low-range therapeutic window of 0.4–4 J=cm2 [51,52] there were methodological shortcomings in the included systematic reviews. Many of the studies failed to provide adequate long-term follow-up, blinding, and power calculations. The use of standardized outcome measures was also lacking. Finally, the protocol of the intervention was not described in full detail, making replication difficult. Therefore, well designed RCTs are needed to investigate the effectiveness of LLLT in the management of LET.

Our umbrella review relied on results reported within the previously published systematic reviews and meta-analyses. There was a considerable clinical and methodological heterogeneity in terms of populations evaluated, doses, comparators, outcome measures, lengths of follow-ups, etc. The searches were restricted in published English language papers, thereby omitting some potentially important unpublished reviews in languages other than English. We did not evaluate whether there was evidence for small-study effects using funnel plot asymmetry, because of insufficient data. Another one limitation is that the definition of groups and intervention that employed by each systematic review, may not be entirely accurate.

Conclusion
This umbrella review found poor results for the effectiveness of LLLT in the management of LET. However, LLLT cannot be ruled out, as it is a dose-response modality, and the optimal treatment dose needs yet to be discovered. The current review recommends that practitioners do not use LLLT as sole treatment for LET but can be used in combination with other suggested treatments. In addition, the included studies had methodological shortcomings. Therefore, further research with well-designed RCTs is required to provide meaningful evidence on the effectiveness (absolute and relative) of LLLT for the management of LET.
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