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Abstract

Laser therapy, initially reported to be extremely successful in Russia and Eastern Europe has been used for some time with no definitive consensus on its utility. The present review extends the search for research on this topic beyond 1998 when a prior analysis was done. The aim was to examine the support for continuing to research this topic. To arrive at a salient set of conclusions and research recommendations all relevant controlled clinical trials and related basic research published in English-language publications between 1980-2017 were examined. Employing the PUBMED, Scopus, Web of Science, and Academic Search Complete data bases available experimental studies tend to continue to support current findings of post-treatment clinical improvements in symptoms associated with osteoarthritis, including pain, mobility, and function, with few adverse effects. It is concluded that despite prior conclusions that laser therapy is no better than placebo, the current data base affords a much more positive view from a diverse body of related research. Moreover, laser therapy in its various forms can be expected to offer some advantages to the osteoarthritic patient relative to other forms of treatment, or can supplement treatments, thereby raising their effectiveness. Hence the idea that laser therapy may be helpful in postponing joint replacement surgery seems worthy of more attention.
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Introduction



Osteoarthritis, the most prevalent joint disease, continues to cause immense physical challenges to the affected individual, as well as enormous economic and social costs. Predominantly affecting the articular cartilage lining of synovial joints [1] recent work in this realm has shown the entire joint including the subjacent bone, the joint capsule and its synovial lining, plus the ligaments supporting the joint, along with the surrounding muscles are all implicated in its progressive pathology and oftentimes periods of intractable pain [2]. Hence therapies that can not only minimize pain, but can also target the multiple biological changes found in osteoarthritic cartilage, as well as those occurring in the surrounding bones, muscles, synovia, and ligaments can be regarded as being highly desirable. Among the various approaches that can potentially intervene positively in reversing or ameliorating some of this associated pathology has been low level laser therapy, and more recently high intensity laser therapy [3].



In particular, the ability of laser light interventions to assist in reducing capsular thickening, inflammation and accompanying adverse bone and muscle alterations, which has been demonstrated in preclinical studies, appears very promising for potentially alleviating the signs and symptoms of osteoarthritis joint pathology, as well as for optimizing cartilage integrity [1,3]. In a disease where even the presence of any decreased willingness to move [4] may inhibit any potential cartilage repair mechanisms and add to its dissolution or vulnerability, the application of a non-invasive form of therapy, such as laser therapy, might not only prove highly beneficial, but could have far-reaching beneficial quality of life implications, among others.



Yet, despite decades of promising research, this physical modality remains unlisted among the multiple evidence-based guidelines for treating osteoarthritis recently outlined by Martel-Pelletier et al. [2]. Moreover, even though laser therapy has been shown efficient means of reducing pain and disability that does not impact cartilage or other body systems adversely [5,6] the clinical efficacy of laser therapy has been disputed and its benefits have been attributed to its strong placebo effect, among others. This confusion, which was reflected in a report conducted almost 20 years ago appears highly important to resolve not only because the lack of clarity clearly has a negative bearing on opportunities for potentially ameliorating osteoarthritis symptoms in some cases, an area in great need  of advancement, but is clearly somewhat due to the challenges in synthesizing the available data or deriving conclusions from isolated rather than all available data sources. It also shows clinicians may need to firstly become more familiar with the laboratory studies in any area such as laser, and begin to apply some of the understandings from basic research to advance the clinical field of endeavor in this area.


Indeed, a plethora of preclinical laser oriented studies, that have used animal models of osteoarthritis support a variety of favorable bio-stimulatory effects of laser light on osteoarthritic joint tissues. These include, but are not limited to, the stimulation of specific cell organelles and membranes in subcutaneous tissues at a molecular level, including favorable alterations of membrane potential and enzyme activity [7], phagocytosis, neurotransmitter release, and collagen, protein and ribonucleic acid (RNA) synthesis [8], plus synthesis of intercellular cartilage matrix without evidence of increased matrix catabolism [9]. In addition, laser therapy appears to produce a profound analgesic effect, and can impact favorably on microcirculation and cartilage regeneration processes [3,10].



In theory, alone, therefore, these isolated or interactive biological effects can be expected to result in reductions in clinical pain levels, while aiding tissue repair, enhancing the resolution of inflammation and swelling, and promoting collagen synthesis and/or enhanced chondrocyte activity. Furthermore, pain relief may occur as result of direct stimulation of peripheral nerves, as well as an increase in serotonin metabolism, the activation of endogenous opioid receptors [11], or a decrease in the amplitude of electrically evoked potentials. Pain relief following laser therapy may also be expected consequent to any enhanced neural repair, a reduction in prostaglandin synthesis, an improvement of local circulation and bone healing effects [12].



To examine the current status of this form of therapy, articles documenting studies of patient outcomes following either continuous or pulsed low level laser treatment of an osteoarthritic joint, especially those published after 2015 were examined. This was to ascertain if any conflicting data have been forthcoming following the very negative conclusion of Huang et al. in 2014 [13] concerning laser therapy and its clinical efficacy in osteoarthritis treatment that has clearly impacted the recommended use of this modality quite markedly, and has since been criticized.



Methods


To obtain the desired data, PUBMED, Web of Science, Scopus, and Academic Search Complete data bases 19802017 were employed. The key terms used were lasers and osteoarthritis, laser therapy and osteoarthritis. Available data were downloaded and examined if they met criteria-of being full length English language publications, and focused on some aspect of laser intervention in experimental models such as the rat, or rabbit, or clinical samples of osteoarthritis. All forms of laser and osteoarthritis were deemed acceptable, and most studies reviewed were controlled trials or prospective studies. Studies on laser surgery were excluded.



Results


In terms of the years of interest, PUBMED yielded- 77 articles that were related to osteoarthritis and lasers, regardless of year, when considering the years 1980-2017; there were 199 articles when the key words osteoarthritis and laser therapy were applied for the same time period, [99 were related to low level laser therapy; 9 were specifically related to high intensity laser therapy]. Web of Science combined data bases housed 1067 articles pertaining to osteoarthritis and lasers as of October 25, 2017, and 476 articles listed under the terms osteoarthritis and laser therapy. Scopus lists 734 articles using the terms osteoarthritis and lasers, and 321 with the terms osteoarthritis and laser therapy



These data had to be reviewed carefully to examine if they did indeed focus on the topic at hand, and those that were deemed suitably related were categorized as preclinical laboratory studies that utilized experimental models or cellular oriented methods of varying substrates, and clinical studies, including studies of laser applications to the hand, knee, hip, spine, and temporomandibular joints affected by osteoarthritis. The article presented here does not however discriminate the types of laser used in available studies, and does not examine the use of laser surgery. These include low power helium neon laser, infrared laser, pulsed Nd YAG laser, carbon dioxide lasers, Holmium: YAG lasers and Gallium-Arsenide lasers.



Studies that were deemed relevant were those that examined the outcomes of any form of laser intervention in the context of osteoarthritis or an acceptable animal model of this disease, especially those from 2015-2017. Clinical studies reviewed in prior meta-analyses were not comprehensively reviewed or included, along with conference reports and non-peer reviewed data. Outcomes examined were unrestricted, and included pain, inflammation, and function. Given the challenges of conducting meta-analyses in this realm, only a narrative overview of the prevailing trends in this area was undertaken.



Laboratory Study Finding


Although animal models of osteoarthritis may be suspect, and most cannot be confirmed as mirroring the actual in vivo osteoarthritis disease process at all successfully, several have shown interesting effects on pain and inflammation, key problems in the clinical context of osteoarthritis. While preclinical study results can vary dependent on the dosages of laser applied [14,15], or dosage combinations [16], Wang et al. [17] found applications of low-level laser of at least six weeks duration applied to a rabbit osteoarthritis model to positively influence pain and inflammation. In another study, Milares et al. [18] who conducted a multi-group comparison study of different experimental model rats subjected to an aquatic and low-level laser therapy, this group also showed laser therapy to be efficacious both as regards joint degenerative modifications as well as inflammatory mediators. After dividing 40 rats into four groups, a knee osteoarthritis and no treatment group; an osteoarthritis plus exercise group; an osteoarthritis plus low- level laser group; and osteoarthritis plus both interventions, laser therapy was performed at three points of contact on either side of the knee four weeks after surgery, for a period of eight weeks, three times a week. Results showed both the exercise and laser treated groups had better tissue organization, and less structural damage. The exercise and the laser-exercise combinations showed reduced expression of inflammatory markers, as well as a statistically significant lower matrix metalloprotease-13 inflammatory marker level. Assis et al. [19] too found that low-level laser therapy impacted the degenerative process in the rat model of knee osteoarthritis. The results were comparable to those attained by exercise or a combination of exercise and laser.



In another study, De Oliviera et al. [20] similarly examined the effects of photobiomodulation therapy on inflammation and pain using rats subjected to hyperalgesia who were divided randomly into three groups-a control group, an osteoarthritis group and an osteoarthritis and laser group. The laser therapy used a wavelength of 808nm, an power output of 50mW, an energy level for each point of 4 Joules. Post hoc comparisons were made between exposures lasting 6, 24, and 48h within each group, and between the control, injury, and laser groups. Findings showed, the hyperalgesia, which was present at 6, 24, and 48h after the injury was reduced after the application. As well, the application promoted cytokine attenuation and bradykin in receptor (B1 and B2) changes in the experimental period. The authors concluded that photo bio-modulation therapy promoted the reduction of proinflammatory cytokines, and reduced the gene and protein expression of the bradykinin receptors B1 and B2, as well increasing the stimulus response threshold to pressure in their experimental model of acute osteoarthritis.



Micheli et al. [21] who evaluated the pain relieving possibilities of photobiomodulation therapy in a rat model by testing two near infrared (NIR) laser systems, with differing power outputs, laser therapy found the intervention provided immediate relief of chronic articular or neuropathic pain. In this study, some rats were subjected to intra-articular injection of sodium monoiodoacetate and complete Freund's adjuvant, while others underwent compressive neuropathy by means of chronically injuring and constricting the sciatic nerve. In both models, NIR laser (MLS-Mphi, ASA S.r.l., Vicenza, Italy) was started 14 days after injury, and applied once daily on 13 occasions. In the injection treated model, the authors found an anti-hyperalgesic effect of laser that began 5 min after treatment and vanished after 60min. The subsequent applications produced like results. In the chronic sciatic nerve crush model, laser efficacy started 5 min after treatment and disappeared after 180 min. In rats that underwent crush injury, two additional treatment protocols with different power outputs were also tested using a new experimental device called Multiwave Locked System laser. Both protocols reduced mechanical hyperalgesia and hindlimb weight bearing alterations for up to 60 min after treatment with a higher efficacy recorded for the animals treated using the higher power output. Results supported those of Alves et al. [11] and Carlos et al. [22] who found near infrared light applications reduced knee inflammation significantly in a rat model of osteoarthritis.



Although not all studies show favorable effects [23,24], the conclusion reached by Pfander et al. [25] and Bayat et al. [26] seems justified. Namely, that laser applications can have modifiable effects on experimental simulations of osteoarthritis, including reductions in the extent of articular cartilage degeneration [27], and improvements in cartilage integrity [27]. According to Tomazini et al. [28] who studied a papain induced rat model of osteoarthritis, photobiomodulation or laser therapy was observed to be more effective in allaying the disease progression than exercise or non steroidal anti inflammatory drugs, and effectively improved the inflammatory conditions observed in osteoarthritis. Other salient findings from controlled laboratory studies are shown in Table 1.




Table 1: Summary of an array of key preclinical laboratory studies examining the impact of laser therapy on joint tissues and models of arthritis.
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Abbreviations: OA= Osteoarthritis; TMJ= Temporomandibular joint 

Contemporary Clinical Findings








Figure 1 In addition to several very positive study outcomes reported over the past 25 years, such as that by Tam [46], where patients suffering from osteoarthritis and other related conditions improved substantively, often postponing the need for surgery, there are clearly several current randomized placebo controlled clinical trials and others that have examined the efficacy of laser intervention among various osteoarthritis samples with favorable results. These generally favorable outcomes tend to support several early studies reported by Marks [12], plus the more recent observations of Nakamura et al. [47] who subjected 35 outpatients with pain attributable to osteoarthritis to low level laser therapy and found the therapy reduced the chronic pain experience quite considerably over the time frame of the study, as did da Rosa et al. [48] for 96 knee osteoarthritis cases. A similar observation by Soleimanpour et al. [49] in a prospective descriptive study confirmed low level laser therapy yielded appreciable pain improvements in 18 cases with osteoarthritis of the knee, as did Yurtkuran et al. [50] in a double blinded randomized controlled study. Noticeable improvements in osteoarthritis of the cervical spine after two laser applications as detailed by Monteforte et al. [51] further supports the view that laser radiation therapy can effectively reduce osteoarthritis pain, immediately after treatment and for a prolonged period. Baltzer et al. [52] also found low level laser safe, and efficacious for treating Bouchard's and Heberden's osteoarthritis of the hand even after as little as five treatments. As well, the benefits in pain and swelling and increased range of motion lasted for eight weeks. 




[image: ]

Figure 1:  Schematic depiction of the observed mechanisms of action of laser light on joint tissues and osteoarthritis well-being.

 
Source: Angelova et al. [3]; Bayat et al. [26]; Barabas et al. [39]; de Oliveira Lelo et al. [40]; Dima et al. [41]; Jonasson et al. [42]; Kim et al. [43]; Leal-Junior et al. [44]; Reed et al. [17]; Stiglic-Rogoznica et al. [45]; Wang et al. [17].






In another more recent controlled study, Helianthi et al. [53] found similar positive results in pain relief after laser acupuncture was applied to geriatric knee osteoarthritis cases. This group randomized 62 patients into an active laser versus a placebo laser group, and stimulated acupuncture points around the knee on 10 occasions, twice a week and evaluation followed after four treatment sessions, nine sessions, and for two weeks after the intervention ceased. Improvements occurred at all time points to a greater degree than in the control condition.



Low level laser applications also generated positive benefits on health status and muscle activation in elderly women with knee osteoarthritis. The results were reasonably comparable to those achieved with neuromuscular electrical stimulation. Instead of a control group, a control period was used, where no intervention was applied. This approach helped de Oliveira Melo et al. [40] to show that the post intervention effects reflected the interventions used. In another study, 100 elderly patients with bilateral tricompartmental knee osteoarthritis randomized to receive low-level laser and conventional therapy or conventional therapy were followed for six years. Results showed those who received the additional laser therapy did not require joint replacements, with one exception, whereas nine in the conventional treatment group required surgery [54].



S et al. [10] who attempted to examine both the analgesic as well as the biochemical effects of low level laser therapy for people with chronic osteoarthritis similarly showed the therapy was efficient in reducing pain as well as in improving cartilage thickness. In this study, 34 subjects were allocated to an active or placebo group. The active group received laser to 8 different points of the joint 3 days per week for 4 weeks at 1.5 J for 60 s each, and the skin contact method resulted in a total dose of 12 J of energy per session. The control group had minimal emission of energy applied to the same points. Outcomes assessed at 4 and 8 weeks after treatment showed improvements occurred at 4 and 8 weeks to a greater extent than those in the control group. The results at 4 and 8 weeks were derived from clinical tests and biochemical and radiographic assays. At baseline the groups were shown to be comparable, but after treatment the active group were experiencing significantly less pain and had improved cartilage indicators compared to controls [10]. In addition to its pain relieving benefits, which may be prolonged if laser is combined with strengthening exercises [55], laser therapy may promote spinal mobility in persons with lower back osteoarthritis [56], as well as jaw mobility in cases of temporomandibular osteoarthritis [57].





Other data show that laser therapy added to exercise training can produce a stronger positive effect on wellbeing than exercise alone, a finding not unlike that of Assis et al. [19,29] who examined an experimental model of knee osteoarthritis along with the effects of exercise training and laser therapy. This study finding by Youssef et al. [58] was especially intriguing because it was conducted on older subjects with knee osteoarthritis, often an age group resistant to exercise interventions, and positive outcomes. After allocating subjects to one of three groups, all groups exercised, but only two groups received active laser therapy. While all groups improved their pain scores, the group that received a laser dose of 6J/cm2 with a total dose of 48 did best. Additional benefits found by Assis et al. [19] were post stimulation benefits in muscle cross-sectional areas and less impact on the degenerative processes related to muscle atrophy in an experimental model. Another interesting observation made by Alfredo et al. [55] is that low-level laser applied before exercise can significantly reduce the level of analgesic consumption both after treatment for up to six months. These findings were comparable to those of Zou et al. [59] who found increases in synovial fluid ghrelin levels to increase following laser therapy applied to primary knee osteoarthritis patients, which was deemed a positive finding, thus supporting a strong possibility that laser therapy has significant treatment benefits when applied to an osteoarthritic joint as discussed by Marini et al. [57].


Further research has shown, positive bone healing benefits attributable to low level laser therapy in the case of maxillofacial bone defects, [60], while Alayat et al. [61] have shown high intensity laser therapy when combined with exercise and glucosamine therapy can be more potent than the control intervention and glucosamine and exercise alone for men with knee joint osteoarthritis. Angelova and Ilieva [3] similarly concluded high intensity laser therapy applied over seven treatments to persons with clinical and radiographic knee osteoarthritis reduces pain significantly and immediately and also improves function during walking tests when compared to sham laser. Similar findings were reported by Kim et al. [43] who applied high intensity laser three times per week for four weeks to adults with painful knee osteoarthritis. In cases where patients cannot take medication, results of de Carli et al. [62] suggest laser therapy can provide significant relief of osteoarthritic pain. See Table 2 for a summary of selected current placebo controlled studies and their outcomes.






Table 2: Examples of results of recent studies examining the application of laser therapy to osteoarthritic joints in the context of a randomized controlled trial.
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Factors affecting the outcome of laser therapy are highlighted in Figure 2. Differences in laser intensity are that high intensity laser increases the depth of penetration and can be used for shorter periods than low intensity laser to produce favorable anti-inflammatory, and pain effects [3]. Other factors are type of laser light used such as helium neon- or gallium arsenide. The biological effects of laser radiation include thermal, mechanical, electrical, photochemical, and biostimulatory or photochemical effects as outlined in Figure 1. 
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Figure 2:  Box 1: Factors that Determine the Outcome of Laser Radiation.

 
Source: [1, 6, 67, 68]





Discussion


Osteoarthritis, a prevalent disabling disease causes immense suffering. Since no known cure exists for osteoarthritis, a search for safe forms of therapy to alleviate the inevitable distress and disability that accompanies this progressive disease has prevailed for some time. The present analysis concerning the use of laser therapy for remediating osteoarthritis disability was undertaken due to the ambiguous findings of some prior systematic reviews on this topic, but not others. In this regard, in terms of favorable pain and healing outcomes post-laser irradiation, we did not come across many current equivocal findings for the years 2015-2017, when compared to previous recent work or that attempted almost 25 years ago [10,69]. That is, most current studies, regardless of whether they are experimental or clinical, appear to strengthen the case for applying laser therapy in efforts to ameliorate one or more symptoms of osteoarthritis independent of any associated placebo effect, or mode of application [70]. This was also the recent observation of Baltzer et al. [52] who conducted an analysis of low level laser therapy applications for rheumatic conditions, as well as Dima et al. [41] who focused on reviewing the chronic pain impact of low level laser therapeutic effects in cases of osteoarthritis. Indeed, regardless of whether the recent studies have been purely experimental or have been clinical, or whether high intensity or low intensity laser is used, a reader cannot fail to be impressed with the enormous potential for laser therapy to improve osteoarthritis disability rapidly, safely, and significantly. Moreover, in studies that used disparate treatment methods and outcome measures, and assessed the application of laser irradiation to osteoarthritis of differing joints and patients with disease durations with various methodologies, the therapy generally shows statistically significant beneficial results that exceed results of placebo applications or other therapies, and these results appear to be reasonably sustainable.


Importantly, not only do several current clinical studies demonstrate beneficial effects of laser for reducing pain [71], regardless of whether these are considered important or not to discuss in the context of updating osteoarthritis clinical literature [72] but several positive muscle-related structural and physiological benefits are demonstrated, and even patients with rheumatic diseases unresponsive to non steroid therapy have shown post laser therapy improvements [73]. As well, both low power laser irradiation therapy, or high power laser therapy applied to the tender areas or sites of nerves surrounding the painful osteoarthritic joint, or combined with ultrasound also appears to afford considerable pain relief [74], and consistent with laboratory evidence, laser therapy seems effective for repairing moderate cartilage lesions among young patients [75], and relieving post-operative orthopedic pain [76].


This series of positive findings are hence somewhat at odds with those of Huang et al. [13] who failed to support a role for low level laser applications for people with osteoarthritis based on a very limited number of selected studies that underwent a systematic review. However, among the multiple limiting issues observed in the design of the studies examined are sample size issues, blinding, contamination, and measurement issues. The aggregation of these diverse data sets, along with a failure to include studies that have shown benefits and others must also be questioned. Moreover, among selected studies, factors potentially affecting laser outcomes were discrepant modes of delivery, application durations, inclusion criteria, pre-treatment pain levels, disparate use of pain medications across groups, disparate outcome assessment tools and procedures, and extent of pathology, among other factors. Unfortunately, the fact remains that despite other reviews of this topic that are more positive, the meta-analysis conducted by Huang et al. [13] and research outlining negative results [77] has clearly influenced practitioner recommendations quite negatively. This is distressing to those who seek to help their osteoarthritis patients to cope more readily with their challenges because no viable form of conservative management that has so much potential to ameliorate multiple aspects of osteoarthritis concurrently and to do this safely has emerged in more than 20 years. Meanwhile, the numbers of affected persons suffering from osteoarthritis worldwide has grown exponentially.



However, as outlined by Ip [54] if we consider the very noteworthy positive findings of late that do prevail in both the experimental and clinical realms, along with those that have been conducted in the past [46,78], plus laser therapy benefits that have no side-effect and that extend to persons with pharmacologically resistant knee osteoarthritis pain [79], the potential for laser therapy to alleviate osteoarthritis suffering is potentially quite vast. As argued by Cotler et al. [78], with over 40 years of research in this realm that have produced an array of positive outcomes, its acceptance as a positive alternative or stand alone clinical treatment approach for selected osteoarthritis symptoms and disease manifestations cannot be easily overlooked or ignored. As observed by Tam almost two decades ago [46], and reiterated by Cotler et al. [78], and Hamblin [80], a strong basic foundation of evidence supports a role for laser therapy in efforts to relieve pain, as well as to promote healing processes. It also has beneficial muscle effects, can impact favorably on inflammation [80], and can heighten the impact of exercise therapy significantly [81].



Indeed, even though osteoarthritis is considered progressive and irreversible, Ip [54] found lower joint replacement rates in elderly subjects with osteoarthritis exposed to laser therapy, a very resounding finding with enormous potential positive implications. Ip [54] also highlighted the distinctive biophysical and cellular benefits of laser therapy applications to affected joint tissues that might be harnessed to reduce or reverse joint damage, in contrast to standard conservative approaches that do not impact physiological processes specifically in all cases. It is also a safe modality with proven anti-inflammatory and pain- relieving effects [41,82], and its simultaneous action of pain and function along with an apparent lack of significant usage contra-indications if applied at an extremely low dose [67]. With an impact superior to exercise alone [83], an ability to improve muscle performance and accelerate recovery when applied prior to exercise [44], a positive effect when combined with exercises [19,83], favorable post radiation soft tissue ultrasound outcomes [51], and its possible cartilage regenerative properties [75], the role of laser applications in the armamentarium to counter osteoarthritis disability clearly warrants more attention, even if placebo laser seems to yield some beneficial effects as demonstrated by Alghadir et al. [63].



High intensity laser, in particular seems very promising, with superior benefits to those achieved with low level laser therapy [83], even if this line of research is still in its infancy. Other potential laser benefits include an improved ability to carry out activities of daily living and a decline in the subjective pain experience [43]. Further careful manipulation of laser light dosages, modes of application, and application duration that are designed to maximize the ability of different laser signals to influence neural and structural entities selectively, may yet yield concurrent improvements in biomechanical functioning, joint stability, and bone healing, as well as inflammation in the osteoarthritis disease process [50]. The use of more objective clinically relevant biomarkers and outcome measures that are optimally applied may also reveal highly beneficial outcomes or responses that have not been well highlighted with subjective outcome measures, while helping to improve our understanding of the mechanisms underlying the observed post laser irradiation improvements in osteoarthritic pain and function [84]. As well, employing a true untreated control group, rather than laser placebos, along with more equitable, rather than disparate intergroup attention effects [63,74,83,85], plus differing standard physical therapy co intervention protocols and others may help to unmask the true effects of laser therapy as a unique standalone safe and effective modality for treating osteoarthritis [83,86]. In addition, careful sampling, instituting a washout period of at least two weeks prior to treatment session one, such as medications and physical therapy, controlling for activity levels between treatments, and non-confounding intervention approaches are strongly indicated to establish the true efficacy of the intervention.



In this regard, Alfredo et al. [83] specifically advocate the use of more histologically-oriented long-term studies in efforts to delineate the extent of any clinically relevant post-irradiation changes in cartilage thickness and morphology, or other cellular effects that may separate sham and actively treated groups, which seems a reasonably salient suggestion. Examining the reasons for the failure of certain laser applications to achieve clinical significance despite the application of salient biochemical and biomechanical tests may also prove highly revealing. These may include, but are not limited to the application of poorly designed studies, heterogeneity in trial design [44], widely diverse samples and outcome measures, and prevailing pathologies, unknown effects of comorbid diseases, and the inadvertent inclusion of light-emitting placebo lasers. Others are ineffectual treatment dosages or wave forms, light sources, and timing that can reduce treatment effectiveness, or produce a negative result [6], differences in the devices and/or laser type used [49], lack of knowledge concerning the definitive dosage required to maximize benefits [49], and/or the possibility of spontaneous symptom resolution, among other factors.



While future studies focusing on these possible pitfalls are desirable [49], in the interim, it can be accepted that contrary to the risks inherent in pharmaceutical drugs as well as some forms of injection [5], adverse effects are not prevalent or evident among the laser intervention studies reviewed, regardless of whether low or high power laser devices are used. Further, although a theoretical understanding of the mechanism of action of a modality is unnecessary to establish benefit [83], there is a reasonable evidence base to support underlying mechanisms for pain relief and tissue repair in laser-irradiated osteoarthritic joints [81,88], such as a reduction of tissue inflammation and vasodilation [49]. Studies in analogous pain syndromes such as myofascial pain syndrome and lateral epicondylitis that reveal positive pain, function, strength and life quality effects post laser irradiation that are sustained in the long term [87-93], clearly add to the value of this treatment form and its potential.



Thus, while cognizant of the fact negative studies may not be published, we concur with Strausholm et al. [94] that the conclusion reached by Huang et al. [13] must be questioned in light of the number of positive trials that have emerged in this realm to date, as was a similar Cochrane review that was found neither robust nor valid [80]. Moreover, as Balzer et al. [52] have recently argued, sufficient evidence not only supports the use of laser therapy in a preventive capacity, but as a modality that can potentially enhance muscle strength training effects, accelerate muscle regeneration, and can produce results comparable or superior to exercise alone, all of which would be highly advantageous for pain reduction in those unable to exercise [95]. Laser therapy also safely reduces pain at rest and during movement [78], improves function in cervical osteoarthritis [96] and walking ability in cases with chronic knee osteoarthritis [63], as well as life quality over an extended period [64]. Unlike other areas of research in this field, these favorable clinical outcomes and their purported mechanisms of action are quite well supported and highlighted in a broad array of preclinical studies, regardless of application mode and duration or substrate.



Concluding Remarks


As proposed by Zharova et al. [97], it is hard to dispute the potential of laser therapy, which can be integrated into nervous and joint tissues, as an efficacious, non-invasive, safe and cost- efficient means to treat and prevent osteoarthritis-associated problems in selected cases, even if this does not apply to all cases.



However, to extend our knowledge about this promising modality, more effort by orthopedic researchers and others to examine the impact of laser therapy of different parameters for treating a variety of joints at differing disease stages, along with the use of biomechanical, radiological, and salient biochemical outcome assessment tools is strongly indicated as discussed by Momenzadeh [98]. The role of laser therapy in averting or delaying joint surgery or fostering cartilage repair or both should also be intensely explored as well. Whether laser therapy improves surgical outcomes significantly, a very poorly researched area, can also be recommended.


Ideally, to overcome the lack of consensus concerning laser irradiation and its application for the treatment of osteoarthritic joints, well organized replicate studies with identical treatment protocols conducted on groups of patients with differing prognostic characteristics, using consistent outcome measurement approaches, are especially advocated. To eliminate the possibility of evoking positive treatment effects as a result of direct cutaneous stimulation, or a human presence, a control group that receives absolutely no direct intervention should be studied. Laser output(s) should also be carefully chosen and calibrated before treatments or placebo applications are administered, and potential effects of prior or concurrent therapies should be controlled for, even if this does not necessarily occur in the clinical setting.



Efforts to ensure treatment uniformity over time, as far as treatment sites and methodology goes, as well as efforts to minimize reflection and maximize penetration of the laser beam using validated laser dosages, skin sites chosen based on MRI or ultrasound images, and verified acupuncture sites [68], and to equalize attention, will be helpful. Blinded patients and interventionists, serial baseline measures in advance of treatment applications to determine the standard error of the outcome measures used, as advocated by Domholdt [99], along with sufficient subjects assessed periodically over an extended time frame (at least six months) may help to resolve the question of whether significant laser associated improvements occur, and whether these occur immediately or as a result of latent treatment effects, or both.



Finally, utilizing reliable and valid prognostic indicators and outcome measures sensitive to anticipated physiological changes, plus efforts to carry out comparative studies of different forms of laser, at different joint sites and for different disease stages and features, on more diverse samples, is strongly advocated.



In the interim, and in accord with Chung et al. [6] it is believed the number of negative laser reports is more likely than not to decline as more knowledge about the laser parameters unfold. Gray et al. [100] further hypothesize that 'energetic' therapies, including light based treatments, will continue to be used to affect growth, differentiation and proliferation of bone and nerve, as well as for promoting healing benefits in conditions such as osteoarthritis. The synergistic effects of laser with other modalities can also be expected to broaden the scope of treatment possibilities that may have additive long-lasting temporal effects in selected cases of osteoarthritis, and should be explored and harnessed accordingly [40,44,74,81]. In addition, as outlined by Baratto et al. [67], the promising application of ultralow level laser therapy should be explored for countering osteoarthritis pathology. Another is whether laser therapy can activate endogenous opioid receptors or distant neural structures that can influence immune function and central sensitization processes favorably, which would have immense treatment implications, especially in cases that cannot undergo surgery or use anti-inflammatory drugs and others [100].
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Low level laser therapy prior to
exercise x 10 using infra-red laser

Improvements in analgesic usage after treatment were
maintained for 6 months

Alghadir etal. [63]
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Pain declined significantly in treated grp
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Grp undergoing laser treatment had better pain relief

Al Rashoud et al. [64]
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applied to acupuncture points x 9

Laser in association with ex was effective in reducing
pain and improving life quality for up to 6 months

Baltzar et al. [65]

32 cases hand OA
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were applied to different joint
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Pain, and range of motion improved after 7 treatments
and lasted 8 wks

Fukuda et al. [66]

40 cases with knee 0A

Active/sham was applied to an
accupoint ST 35 x 12 by using
10.6 micron combined with 650
nm radiation

Pain reduction was more evident in active grp

Helianthi et al. [53]

62 knee OA cases
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awk
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20 cases knee OA

High intensity laser, physical
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Grp receiving laser therapy had better pain relief

Marini I [57]
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steroidal anti-inflammatory drugs

Pain was significantly lower than either drug treated
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results

Youssef et al. [58]

Older knee OA cases
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Grp with higher dose of laser intervention did best as
far as pain, muscle strength, and range of motion






OEBPS/Images/fig1.jpg
Polarized monochromatic light and its energy effects --- can:

a,

‘Stimulate healing processes in muscle, nerves, bone and articular cartilage

el

Improve venous and Iymphatic microcirculation —— Positive anti-inflammatory effects

PR

Reduce joint effusion

Heighten muscle performance, recovery after exercise, slow/reduce pain transmission

Improve functional performance, possible tissue structural changes, and perceived health status






OEBPS/Images/logo1.jpg
Novel Techniques in Arthrifs
4 Bone Research





OEBPS/Images/tab1.jpg
Author

Model

Conclusion

Alves etal. [11]

Rat papain model

Regardless of dosage, laser effectively promoted tissue repair

Assis etal. [19]

Rat model knee 04

Laser treatments can prevent muscle atrophy

Assis etal. [29]

Rat model

Laser therapy can foster post exercise muscle recovery
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Acute rat arthritis

Laser treatment reduces inflammation/degeneration

Fekrazad etal. [31]

Rabbit model cartilage defects

Better healing occurs when stem cells and laser irradiation are used

Lee etal. [32]

Rabbit

Lasers are effective in healing

Lemos etal. [33]

Intraarticular TMJ OA

Laser light increases remodeling
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Rat model of 0A

Heliumneon laser treatment enhances articular cartilage biosynthesis

Milares et al. [18]

Rat model of 0A

Low level laser therapy helps prevent cartilage degeneration

Moon etal. [35]

Rat model of 0A
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Patrocinio et al. [36] Rat Laser therapy appears to enhance impact of resistance exercises
Peimani & Sardary [37] Injected TM] 7 days of irradiation yields improved joint status
Reed etal. [27] Rabbit model Laser irradiation promoted smoothing of degenerated cartilage surface

Trawitzki et al. [14]

Acute mouse model arthritis

When used once only, laser therapy reduces inflammation

Vatansever etal. [38]

Aged rats

Low intensity laser accelerates muscle regeneration

Wang etal. [17]

Rabbit model

Laser radiation helps retain cartilage integrity

Zhao et al. [16]

Mouse model

Laser treatment significantly improved cartilage pathology
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Box 1. Factors that Determine the Outcome of Laser Radiation

= The degree of pathology of tissues being irradiated

= The nature and biological properties of the tissue being irradiated

= The type of laser light employed

- Mode of radiation-continuous or pulsed

= Iilumination parameters such as pulse duration, width, frequency,
wavelength, signal intensity, and power density

- Mode of application
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