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Abstract
Osteoarthritis cartilage pathology continues to be highly challenging to ameliorate effectively, and
is often believed to be irreversible and impervious to restoration. Reviewed here are some current
topical articles that discuss the possible influence of photobiomodulation therapy, previously
termed low level laser therapy, in this regard. Specifically reviewed are relevant articles located
in the PUBMED data base, with a focus on those published between 2017 and 2021 using the
keywords: cartilage, cartilage repair, phototherapy, photobiomodulation or laser therapy. Results show
that many forms of photobiomodulation/laser therapy appear to have the potential to influence
cartilage structure and function favorably. More clinical studies are needed however, to expand upon
the present largely preclinical data base in this regard, as well as on other spheres of joint pathology
that appear associated with osteoarthritis and are favorably impacted by diverse laser applications.

Background
A wealth of literature for more than a century affirms the challenges in intervening favorably to reverse the
presence of defective, degraded, deranged, or damaged articular cartilage, commonly the key tissue involved
in fostering the pathology of painful disabling osteoarthritis. At the same time, although cited as an incurable
irreversible progressive chronic disease, whose management goals of pain relief and mobility enhancement
Ray Marks (2021). Articular Cartilage Degradation and Photobiomodulation Therapy. CPQ Orthopaedics,
5(5), 01-20.

Ray Marks, CPQ Orthopaedics (2021) 5:5

Page 2 of 20

are largely palliative [1], evidence from the field of photobiomodulation, which involves the use of light waves
for therapeutic purposes, shows that the disease may not be progressive under all circumstances as implied
almost 10 years ago by Hamblin who examined laser applications for this purpose [2]. Indeed, also known as
cold laser therapy, low-frequency continuous laser of typically 600 to 1000 nm wavelength is a non-thermal
form of energy that has been applied successfully for some time for purposes of pain reduction and healing
stimulation may yet be further exploited to enable osteoarthritis sufferers to experience functional as well
as structural benefits in light of its established analgesic and anti-inflammatory properties as demonstrated
in both experimental and clinical trials [3]. As indicated by Bozhokin et al. [4] as well as Sobel et al. [5],
the targeted application of photobiomodulation therapy may have profound implications as far as reducing
the severity of osteoarthritis where the problem of associated cartilage destruction of one or more joints
appears hard to remediate or resolve. Due to its observed ability to control the fields of temperature, thermo
mechanical stress, mass transfer, and cartilage matrix structures [5], the application of lasers is arguably likely
to have a positive effect on cartilage tissue proliferation and bone remodeling. Also effective as regards other
joint manifestations of osteoarthritis, such as muscle dysfunction, depression and insomnia, its possible
utility appears important to continue to examine, when considering the limitations of education, exercise, and
pharmacologic strategies that are the mainstream currently advocated non surgical intervention approaches
for ameliorating disabling osteoarthritis. Moreover, given that intra-articular corticosteroid injections, plus
medications listed for alleviating osteoarthritic pain and inflammation may inhibit, rather promote cartilage
reparative mechanisms, while accelerating osteoarthritis [6,7], and excess opioid use may heighten mortality
risk [8], an efficient means of reducing pain and disability that fosters cartilage viability and one that does
not impact articular cartilage or other body systems adversely and can be applied in the home without excess
financial costs would be of high possible value.
In this regard, and in light of the importance of chondrocyte cell injury and the ensuing destruction of
cartilage collagens and proteoglycan unraveling in the osteoarthritis disease cycle, evidence in support of the
possible favorable impact of carefully applied light stimuli on cartilage cellular responses, including, but not
limited to the favorable stimulation of specific chondrocyte cell organelles and membranes, inflammatory
mediators and redox balance, plus collagen, protein, ribonucleic acid and intercellular matrix synthesis [9-11]
was sought. In addition, the impact of laser therapy on pain, an important mediator of cartilage destruction
was explored. While this topic is not new, this brief updates what is known in this regard, and the possible
implications of these findings.
Drawn from the contemporary research findings published predominantly over the last ten years, evidence
for the consistent potential application of laser therapy in various forms as regards cartilage healing or
repair indications was sought. A possible indirect role for fostering joint health in osteoarthritis via laser
impacts on pain, bone, inflammation, muscle, sleep and depression was also explored. It was hypothesized
that as with related data published between 1997-2017 [12,13], that articles published in the last five years
[2017-2021] would continue to show immense promise for various applications that entail laser light in
the context of various models of articular cartilage pathology, as well as depression and sleep in those with
osteoarthritis that can disrupt cartilage integrity in their own right [14]. Although clearly requiring future
work to translate the current findings into more well defined clinically meaningful and practical validated
applications, since therapies that can target the multiple biological changes found in osteoarthritic cartilage,
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as well as those occurring in the surrounding bones, muscles, synovia, and ligaments can be regarded as
being highly desirable to target, some rationale for pursuing this quest was specifically sought.

Methods
To achieve the key goals of this review, salient findings published in the peer reviewed literature published
predominantly between 2000 and 2021, and located at the PUBMED, GOOGLE SCHOLAR and
SCIENCE DIRECT data bases were sought. These included relevant materials published in the English
language as full length articles that discussed either some aspect of the current topic of interest either
independently or combined.
The search was limited however, by excluding studies detailing the link between laser therapy and many other
health issues such as cancer, conference abstracts, preprints, and studies on dental or prosthetic implants. All
forms of study or reports were deemed acceptable if they appeared to address one or more items of specific
present interest. After examining the data, it was decided that in light of its diverse study approaches that
were largely conducted in the lab, only a narrative overview of what has emerged to date was likely to prove
valuable, although readers may want to examine a prior systematic review by Hamblin [2]. However, even
then, the current review does not discuss the varied experimental approaches studied in detail, nor the
metabolic pathways and cellular pathways and genes that potentially link the effects of laser light and cartilage
structure and physiology in artificially damaged joints, as well as joints clinically affected by osteoarthritis.
This review also does not question the validity of the various experimental models that are the focus of the
prevailing body of research. Indeed almost all can be criticized in terms of faithfully representing chronic
osteoarthritis, being largely derived from the acute induction of osteoarthritis-like pathology in rodents. In
addition, the role of lasers in the healing of other joint tissues affected by osteoarthritis nor its possible utility
in post surgical arthroplasty healing processes are covered substantively in any way. The varying modes of
applying laser light to cartilage cells may also have a bearing on what is observed post stimulation [15],
however, the article presented here does not discriminate the types of laser applied in available studies, nor
the use of laser surgery. Nevertheless it was believed that the available preclinical studies would provide
strong evidence of any trends as regards the potential for laser light to impact deranged cartilage tissue in
an overall favorable manner, a situation not readily attainable in the context of current pharmacologic or
surgical interventions applied in isolation in clinical practice. Herein, only trends that might support a need
for future study and application are highlighted though. For an in depth review of what is known about this
topic, the reader is referred to: Dima et al. [3], Ganjeh et al. [16] and Xiang et al. [17].
In this presently updated review, the desired data obtained from relevant publications housed in largely
in PUBMED by applying the key terms: articular cartilage/articular cartilage repair/bone healing/pain/
depression and photobiomodulation therapy, phototherapy, laser therapy/low level laser therapy were scanned, read
and carefully examined, if deemed relevant. Thereafter, pertinent data extracted from these publications were
duly recorded. While a large volume of research is currently being published, the key focus in this review
is whether laser therapy in any form appears to impact articular cartilage pathology positively, as this is the
tissue predominantly implicated in osteoarthritis.
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It was hypothesized that support would be quite strong for the application of various forms of laser or
photobiomodulation therapeutic application strategies that could be harnessed and examined in the future
to determine their utility in offsetting cartilage damage associated with clinical osteoarthritis safely and
more effectively than is presently possible with other approaches.
In this regard, all forms of study were deemed acceptable, regardless of the extent of pathology in question
as well as the joint site studied. To ascertain trends in the heterogeneous body of research, the key findings
were tabulated and discussed in narrative form, whereby preclinical and clinical data are reviewed separately.

Results
Preclinical Data
Since the early 1990s many researchers have studied the possible value of various forms of laser application
that might be effective in averting some aspect of osteoarthritis pathology, including its potential for
reversing articular cartilage damage or destruction [eg., 18]. Table 1 provides a snapshot of several key
recently published research studies in this regard, as conducted in the lab. A further smaller parallel body
of emerging applications is depicted in Table 2 in order to highlight the considerable scope of and future
potential of studies to evaluate laser based interventions for fostering cartilage repair and regenerative
strategies. As shown, even if not all inclusive and publication bias does exist in the current realm, it appears
safe to say that the utility of laser applications as applied in multiple forms to variously damaged cartilage
sites in diverse osteoarthritis models appears to show considerable promise. While preclinical study results
may vary, Martins et al. [10] for example who strove to investigate the value of photobiostimulation therapy
on articular cartilage of a rat knee osteoarthritis model using 27 male separated into three groups: a control,
an osteoarthritic, and laser light stimulated treatment group (dimensions- 630 nm, 300 mW, 9 J/cm2, 0.3 W/
cm2, 30 sec) and who applied the intervention, 24 hours after induction, at a rate of three sessions per week,
for 8 weeks showed favorable results. That is, the phototherapy group was found to have higher average
cartilage thickness compared with the osteoarthritis group and this compared favorably with the tissue
thickness of the control group. Also, the number of chondrocytes was similar to that of the control group.
In earlier work, Bayat et al. [19] similarly found low-level helium-neon laser therapy applications to have
a favorable impact on selected histological parameters of immobilized articular cartilage among 25 rabbits
divided into three groups: an experimental group that received low-level helium-neon laser therapy with 13J/
cm(2) three times a week post immobilization of their right knees; and a control group that did not receive
laser therapy after immobilization of their knees; plus a normal group that received neither immobilization
nor laser therapy. Using histological and electron microscopic examinations performed at 4 and 7 weeks
after immobilization, this group showed the depth of the chondrocyte filopodia in the 4-week immobilized
experiment group, as well as the depth of articular cartilage in the 7-week immobilized experiment group
were significantly higher than those of relevant control groups. Moreover, the surfaces of articular cartilages
of the experimental group were relatively smooth, while those of the control group were not. It was therefore
concluded that low-level helium-neon laser therapy had the potential to significantly increase the depth of
the chondrocyte filopodia within a 4-week period, plus the depth of articular cartilage within 7-weeks to a
greater degree than was observed in the control cartilage tissue.
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Research by Milares et al. [20] reveals that a highly favorable outcome is demonstrated in an osteoarthritis
model when combining the unique effects of an exercise program along with low-level laser therapy. Starting
4 weeks after surgery to induce osteoarthritis, the laser applications which were continued 3 days/week
for 8 weeks yielded a better pattern of tissue organization, with less fibrillation and irregularities along
the articular surface and improved chondrocytes organization. Also, a lower cellular density and structural
damage score and higher thickness values were observed in all treated groups. Additionally, the combined
therapy group showed a reduced expression in inflammatory mediators as compared with the control group,
which was also a finding of Carlos et al. [21] in acute zymosan-induced arthritis model induced among
wistar rats. Similar results were also found in a study by Assis et al. [22].
More recently Balbinot et al. [23] who evaluated cartilage degradation and spinal cord sensitization using the
monoiodoacetate model of osteoarthritis showed photobiomodualtion applications had positive effects on
weight support and mechanical allodynia or pain. As well, greater optical densitometry of the laser-treated
cartilage was evident in the superficial layers of the tissue, likely reflecting the increase of proteoglycan and
chondrocyte contents. In addition, laser effects were associated with a decreased contribution of spinal glial
cells to pain-like behavior. It was concluded that laser therapy applied during the chronic phases of induced
osteoarthritis pathology can promote cartilage recovery, while reducing the progression of pain sensitization
associated with chronic osteoarthritis. Additional contemporary research reveals a possible further beneficial
impact on articular cartilage in a rat osteoarthritis model when photobiomodulation therapy is combined
with viscosupplementation [24]. This finding also accords with recent findings of Trevaesan et al. [25] who
observed a lower post-laser picture of degenerative processes and a higher collagen 2 and transforming
growth factor β immune expression in rat knee cartilage representing osteoarthritis and others cited in Table
1 below.
Table 1: Sample of Salient Findings Concerning Laser Therapy and Articular Cartilage in Various Osteoarthritis
Models (2000-2021)
Researchers
Alves et al.
[26]
Assis et al.
[22]
Balbinot et al.
[23]
Bayat et al.
[19]
Bublitz et al.
[27]

Methodology

Key Findings
Nd:YAG laser groups showed tissue repair and in60 male wistar rats randomflammatory modulation in an injury model of osteoly assigned into 4 groups
arthritis
Exercise training and low intensity laser effectively
50 male wistar rats divided prevent cartilage degeneration and associated inflamonto 5 groups
matory responses in an experimental model of knee
osteoarthritis
Rat osteoarthritis model

Irradiated cartilage was impacted favorably

3 groups of rats who underwent immobilization to
produce osteoarthritis
Rats subjected to ligamentous injury knee

Cartilage improvements appeared to prevail in
response to laser therapy not in control non therapy
control rats
Laser therapy prevented pathological joint changes
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Low level laser treatments were effective in protecting joint structures, and accelerating tissue repair,
especially at lower doses

Li et al. [29]

100 male wistar rats that
were subjected to osteoarthritis changes of the
temporomandibular joint
32 rats-with induced knee
osteoarthritis

Laser moxibustion appears to ameliorates cartilage
degeneration

Liao et al.
[30]

Protein kinase rat model of
osteoarthritis

Electroacupuncture appeared to prevent degeneration of articular cartilage
After 14 days, low level laser therapy appeared to
accelerate the initial breakdown of cartilage destroyed by collagenase and stimulated the fibroblast
to synthesize the repair of collagen III

Lemos et al.
[28]

Mangueira et 36 wistar rats divided into 4
al. [31]
groups control
Martins et al.
[10]
Moon et al.
[32]

27 rats divided into 3
groups –all with induced
knee osteoarthritis

Rat model of osteoarthritis Magnetic infrared laser improves knee function, and
has chondroprotective anti-inflammatory effects that
using 6 comparative groups
inhibit cartilage degradation

80 male wistar rats divided
into four groups, an uninOliviera et al.
jured group, and injured
[33]
group, and two laser treated
groups

Pan et al. [34]
Sanchez et al.
[35]
Wang et al.
[36]
Wang et al.
[37]
Yamada et al.
[38]

Photobiomodulation therapy preserved articular
cartilage

At two weeks post surgery, 15 and 30 week laser applications modulated the progression of the degenerative process, showing a better cartilage structure
and lower number of condrocytes compared to the
other groups, although not all attrutes assessed were
improved.

Laser irradiated animals, at 50 J/cm(2) showed a
lower amount of collagen type 1
Male Sprague-Dawley rats Laser acupuncture applications appeared to attenuate
with induced arthritis
cartilage degradation
Photobiomodulation was effective in modulating
40 rat injury model of osinflammation and preventing articular tissue degrateoarthritis
dation in the osteoarthritic rats
Rabbit model of osteoarLow-level laser therapy protected against cartilage
thritis
degradation and inflammation
Rat disuse model of osteo- Laser therapy appeared to prevent cartilage degradaarthritis
tion
Rats with induced knee
Photobiomodulation therapy decreased oxidative
osteoarthritis
damage, inflammation, and pain
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40 Sprague-Dawley rats
who underwent knee surgery to induce knee osteoarthritis

Low level laser therapy can restore cartilage thickness in a similar model

C57 black mice with osteoarthritis

Arthritic cartilage improved significantly after combined treatments with 650nm and 10.6um lasers

Table 2: Summary of Possible Additional Promising PhotobiomodulationLaser Applications That Might Impact
Damaged or Degenerated Articular Cartilage Favorably
Researcher
Prospective/Suggested Utility of Laser Application on Articular Cartilage
Group
Fekrazad et al. Better healing in osteochondral defects is likely to be seen when combining stem
[41]
cell approaches along with low level laser therapy
Goldberg-Bock- Tissue engineered cartilage scaffolds subjected to laser may foster chondrocyte
horn et al. [42]
cell migration and more favorable matrix production
Kamrova et al. Low level laser therapy can be shown to improve cartilage formation and reduce
[43]
inflammation, while promoting tissue granulation in a cartilage injury model
Niemenin et al. Laser ultrasound possibly employed to deliver various anabolic agents into dam[44]
aged articular cartilage, might enhance its regenerative capacity
Phototherapy hydrogels applied to arthritic joints appears to mitigate joint deRui et al. [45]
struction and promote cartilage regeneration
Laser-induced pores that may play an important role in the process of cartilage
Sobel et al. [46]
regeneration especially if the pores are located predominately near chondrocytes
Magnetic nanoparticles with the ability to absorb laser radiation and impregnatSoshnikova et al.
ed with starch show irradiated cartilage to exhibit a higher cell content alter[47]
ations than intact tissue
Stancker et al.
Photobiomodulation therapy may improve the bioavailability and chondropro[48]
tective benefits of mesenchymal stem cells injected into osteoarthritis joints
Laser technology could be applied as an alternate means to create microfracture
Su et al. [49]
holes that can be used to foster cartilage repair
Schneider et al.
Photobiomodulation can activate the chondrogenic differentiation of adipose
[50]
stromal stem cells that may be mobilized to foster chondrogenesis
Clinical Data
While very few pertinent clinical studies that include measures of cartilage viability prevail, a number
have shown laser irradiation applications to be effective in reducing disability in so far as pain goes [51]
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and cartilage thickness is concerned [52]. Stausholm et al. [53] further confirm that laser applications are
efficacious in this respect, as do Medani et al. [54].
Zati et al. [55] who strove to evaluate the effect of a new pulsed Nd:YAG high intensity laser therapy
on the regeneration of cartilage tissue in patients with traumatic lesions found a significant post laser
decrease in cartilage depth in their high intensity laser therapy group at time 1. Histological and immune
histochemical evaluations showed some regenerative processes in cartilaginous tissue as defined by higher
volumes of cartilage proteoglycans, integration with adjacent articular cartilage and a more physiological
cellular arrangement in the laser treated group. By contrast, a disorganized cartilaginous tissue appearance
was observed in the control group at both baseline and the time 1 post test.
Importantly, Alfredo et al. [56] found positive laser effects in cases with mild to moderate knee osteoarthritis
that were maintained for at least six months, while DeMatos et al. [57] who evaluated the effects of individual
and combination therapies (low-level laser therapy and physical exercises) on pain, stiffness, function, and
spatiotemporal gait variables in subjects with bilateral knee osteoarthritis showed significant improvement
in pain and function. At 8 weeks all groups receiving the intervention showed a significant increase in gait
speed. Only the group treated with laser + exercise showed a significant increase in cadence and single limb
support duration. It was concluded that the laser and exercise combination therapy provided the best gait
results. Other research that might be drawn on to foster osteoarthritis cartilage repair processes indirectly
through their link to its diverse pathogenic correlates include the following:
• Anxiety and depression [58]
• Bone damage [59]

• Cartilage matrix loss [60]
• Chondrocyte gene dysfunction [61]
• Joint dysfunction [62]
• Joint effusion [63]
• Joint inflammation [64,65]
• Neuropathic/joint pain [66,67]
• Insomnia [65,68]

• Ligamentous damage [69]

• Muscle strength, regeneration, and repair [70-72]
• Loss range of joint motion [70,72]
• Tendon lesions [70]
In sum, as outlined above, a high percentage of available publications listed on PUBMED, SCIENCE
DIRECT, and GOOGLE SCHOLAR over the time periods of 2000-2021 pertaining to the current area
of interest, tend to support a favorable role for laser applications in the realm of articular cartilage repair.
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Explanatory mechanisms that might underpin current findings include, but are not limited to, beneficial post
laser effects on damaged cartilage and joints due to enhanced anti inflammatory processes [50,73], enhanced
articular chondrocyte proliferation [74] and enhanced production of articular chondrocyte stress proteins
[75]. Other data imply photobiomodulation or laser therapy has the ability to enhance cellular mechanisms
such as those involving mitochondrial enzymes, cytochrome-c-oxidase, and ATP formation, as well as
cartilage metabolic activities and pain [76]. According to Sobel et al. [5] laser irradiation may specifically
foster cartilage repair as a result of its ability to stimulate the differentiation of immature and resident stem
cells, as well as the improved production of cartilage matrix components. In addition, mature chondrocytes
might be stimulated and rejuvenated to divide and restore lost tissue. Dima et al. [3] stress that the properties
of coherent light used in laser therapy can yield both pain relief and fibroblastic regeneration, while lowering
oxidative stress, and the formation of edema and hemorrhage. As well, applications of photobiomodulation
in both experimental and clinical trials show this form of intervention to enhance collagen production
and wound healing, while significantly enhancing the stiffness of repair tissue in post injury osteochondral
defects [77], as well as stimulating muscle and bone healing [13,59,70]. It may also have a bearing on
intracellular reactive oxygen species, key secondary messengers, implicated in the functional regulation of
cells [78] and synovial membrane protein synthesis [79].
Felizatti et al. [80] who evaluated the effects of a gallium arsenide laser application (λ = 830nm) on the
articular cartilage organization of rat knee joint tissues using an experimental model of arthritis did find
favorable results in this respect. That is, following daily laser applications, the AsGa-830 nm laser therapy
tended to preserve the glycosaminoglycan content of the cartilage tissues, and reduced those cellular changes
and associated inflammatory processes that were seen in the cartilage tissues of the untreated group. Possible
processes favoring these observed cartilage tissue improvements in the laser treated experimental group
were: the presence of enhanced chondrocyte gene expression [4] and differentiation [50], improvements in
bone status [81] and/or according to Dos Santos et al. [82] post photobiomodulation therapy decreases in
lipid peroxidation and increases in antioxidant activity, often associated with cartilage destruction.
Other mechanisms potentially evoked by laser therapy applied to damaged cartilage that may help to
stimulate matrix deposition and cartilage thickening are related to its pain relieving effect, as well as its
effect on aiding joint microcirculation in the irradiated areas [83-85]. The hypothetical application of these
data to the clinical realm is depicted in Figure 1.

Extracted from citations 40, 81-91
*Note: Factors influencing the outcome of photobiomoduation/laser irradiation to damaged or osteoarthritic
cartilage include the mode of application, the illumination parameters, and the nature of underlying tissue

Figure 1: Hypothesized overall impact of photobiomodulation therapy on damaged cartilage tissue
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Discussion
Osteoarthritis, one of the most prevalent chronic diseases, and one commonly deemed to be progressive
with no known cure is strongly associated with marked functional declines and losses in the quality of life,
along with immense health care and societal costs in all aging populations [1]. Although universally deemed
to be a progressive disease, efforts to reverse the pathology of osteoarthritis have ensued for many years.
In particular, a vast body of literature for over 30 years has attempted to overcome the challenges hitherto
believed in reference to the limited ability to repair damaged or injured articular cartilage, the tissue most
affected by the disease, by applying various forms of laser light to foster cartilage repair, with some degree
of success.
Moreover, given that osteoarthritis is now understood to be a complex disease implicating numerous local
and systemic factors [92,93], a growing body of evidence supports the view that it is possible to impact
extrinsically upon one or more of these pathways and processes in a favorable manner, rather than awaiting
their possible destruction or dysfunction. Indeed, several modalities that appear to effectively modulate one
or more of these multiple pathogenic pathways have been described to date, and may prove highly valuable
in this regard, including laser or phototherapy [94,95], even if somewhat discounted as efficacious in the
context of clinical practice [96]. As well, the explanatory mechanisms of action attributed to the known
extracellular effects of photobiomodulation therapy, as well as their associated mechanical and biochemical
influences on chondrocytes and their cellular responses, are those that would theoretically be anticipated to
impact multiple aspects of the osteoarthritis pathology disease cycle in a positive way.
As such, even if we did not critically report on the flaws in the present data base, and did not attempt to
examine all available studies, and negative studies may not be published, the fact that favorable results are
replicated in most available sufficiently powered and well-controlled preclinical studies, where subjective
biases have been eliminated, is significant. Additionally, it seems various degrees of cartilage repair are
observed, not only in one species or form of osteoarthritis, but in multiple models of the disease, and with
diverse modes of application. A limited number of clinical studies also support this finding, as do studies
in the purely cellular realm. Other related data show laser therapy applications to effectively reduce various
forms of pain, the symptom of most concern to osteoarthritis patients, as well as having the proven ability
to foster the status of surrounding joint tissues, while reducing inflammation. In addition, as mentioned,
these responses tend to parallel both the known attributes of phototherapy dynamics and mechanisms of
action, regardless of the nature of the mode of laser light or osteoarthritic characteristics employed and
examined, and are hence tentatively generalizable. Indeed, based on what has been demonstrated in multiple
randomized trials to date, it appears that the perception that osteoarthritis is inevitably progressive must be
challenged, even if it means extending clinical studies employing laser therapy to include more tissue based
observations in this respect over longer time periods using advanced technologies that attempt to go beyond
the present focus of pain assessments and subjective instrumentation in short-term studies. As discussed by
Tomazoni et al. [11] photobiomodulation appears to be the most effective therapy in stopping osteoarthritis
disease progression, and improving inflammatory conditions observed in this disease, and hence strongly
warrants attention in our view through the implementation of insightfully designed clinical as well as lab
studies of various forms of osteoarthritis pathology, and the ensuing extracellular as well as cellular responses
of cartilage chondrocytes to diverse modes of laser application.
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This idea is consistent with the enormous need to identify novel strategies to reduce the immense adverse
impact of osteoarthritis as recounted by Nelson [97], and based on current research, great advances in the
ability to alleviate suffering would be expected to follow.
In the interim, and based on the body of available clinical research, the utility of low level laser applications
and other forms of phototherapy may yet provide a supplementary and safe form of intervention for
ameliorating osteoarthritis pain in those patients suffering from intractable pain as well those with more
acute osteoarthritis symptoms. Alone or in combination, it appears that those who seek to reverse, prevent,
or mitigate some aspects of osteoarthritis disability will be well-served and should be strongly encouraged
to consider the potential value of one or more modes of laser therapy and its possible extensive reservoir of
promising applications.
Educating future clinicians and researchers in this regard, as well as helping the current osteoarthritis patient
to understand the potential of laser for improving their status, is also likely to prove helpful as well in its
own right until more data emerge. As well the recognition by funders of the potential benefits of funding
comprehensive efforts to carefully validate current findings is encouraged. In this regard, it is hoped that a
careful review of the current and past literature alluded to in this report can serve as testimony that can be
applied towards advancing the well-being of many current and future osteoarthritis sufferers who might
otherwise have to endure preventable degrees of pain and rapidly progressive morbidity and excess disability.
Unfortunately, unless more attention and visibility is given to this potentially viable adjunctive treatment
option, it will probably tend to remain unlisted among the evidence-based osteoarthritis management
guidelines recommended by experts [eg., 98]. Moreover, the potentially ‘impoverished’ view of the reparative
potential of damaged adult articular cartilage, and its inevitable osteoarthritis progression will also likely
ensue unless researchers and clinicians are motivated to harness the data and do more to address this gap
sooner, rather than later.
In this regard, the basic studies and others presented here, many of which are robust in design, show great
promise that should not be ignored, but employed as a framework for exploring and advancing this possible
fruitful, far-reaching, and impactful line of inquiry to avert or prevent osteoarthritis disease progression.

Conclusions
A wide range of well-controlled studies on the current topic over the years indicates that within the limits
of this review and the research strategies themselves, it appears early treatment of an injured joint as well as
carefully construed well-delineated prolonged laser therapy in cases with chronic osteoarthritis is likely to
alleviate much suffering with few side effects or financial costs.
Subject to further investigation, a more optimistic view may be forthcoming concerning the inevitability of
progression in all osteoarthritis cases.
Examining whether efforts to integrate photobiomodulation or laser therapy, which has proven benefits for
pain relief, inflammation, bone structural benefits, muscle function, depression, and insomnia, and can be
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applied by the patient in the home is efficacious, especially insofar as cartilage repair is an important outcome
criterion, is strongly encouraged.
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