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Review of Literature on Low-level Laser Therapy 
Benefits for Nonpharmacological Pain Control 

in Chronic Pain and Osteoarthritis 
Robert Dima, XX; Vinicius Tieppo Francio, XX; Chris Towery, XX; Saied Davani, XX

PERSPECTIVES

ABSTRACT
Introduction • Low-level laser therapy (LLLT) is a form 
of light therapy that triggers biochemical changes within 
cells. Photons are absorbed by cellular photoreceptors, 
triggering chemical alterations and potential biochemical 
benefits to the human body. LLLT has been used in pain 
management for years and is also known as cold laser 
therapy, which uses low-frequency continuous laser of 
typically 600 to 1000 nm wavelength for pain reduction 
and healing stimulation. Many studies have demonstrated 
analgesic and anti-inflammatory effects provided by 
photobiomodulation in both experimental and clinical 
trials. 
Objective • The purpose of this research article was to 
present a summary of the possible pain management 
benefits of LLLT.
Results • In cold laser therapy, coherent light of wavelength 
600 to 1000 nm is applied to an area of concern with hope 
for photo-stimulating the tissues in a way that promotes 
and accelerates healing. This is evidenced by the similarity  

 
in absorption spectra between oxidized cytochrome c 
oxidase and action spectra from biological responses to 
light. LLLT, using the properties of coherent light, has 
been seen to produce pain relief and fibroblastic 
regeneration in clinical trials and laboratory experiments. 
LLLT has also been seen to significantly reduce pain in the 
acute setting; it is proposed that LLLT is able to reduce 
pain by lowering the level of biochemical markers and 
oxidative stress, and the formation of edema and 
hemorrhage. Many studies have demonstrated analgesic 
and anti-inflammatory effects provided by 
photobiomodulation in both experimental and clinical 
trials. 
Conclusion • Based on current research, the utilization of 
LLLT for pain management and osteoarthritic conditions 
may be a complementary strategy used in clinical practice 
to provide symptom management for patients suffering 
from osteoarthritis and chronic pain. (Altern Ther Health 
Med. [E-pub ahead of print.])

Robert Dima, XX, is ____________________ 
______________ at ____________________ 
______________; Vinicius Tieppo Francio, XX, is 
____________________ ______________ at 
____________________ ______________; Chris Towery, 
XX, is ____________________ ______________ at 
____________________ ______________; and Saied 
Davani, XX, is ____________________ ______________ at 
____________________ ______________.

Corresponding authors: Robert Dima, XX
E-mail address: dimars@mcmaster.ca

Nearly 50 million American adults have significant 
chronic pain, most often due to musculoskeletal 
injuries and osteoarthritis (OA). Currently, 

treatment for chronic pain due to OA includes NSAIDs and 
over-the-counter analgesics; however, due to the 
comprehensive pathophysiology of OA and the wide 
manifestation of symptoms in the population  
(most commonly chronic pain), the most widely used 
intervention for chronic pain due to OA is opioid therapy.1 It 
is estimated that approximately 3% to 4% of the adult US 
population is prescribed long-term opioid therapy. Evidence 
supports short-term efficacy of opioids in randomized 
clinical trials lasting primarily 12 weeks or less; however, few 
studies have been conducted to rigorously assess the long-
term benefits of opioids for chronic pain.2 Furthermore, 
opioid pain medication use presents serious risks, such as 
opioid induced overdose death. It is estimated that for the 
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past 15 years, more than 165 000 persons died of overdose 
related to opioid pain medication in the United States, and it 
is estimated that in 2013 alone, 1.9 million persons abused or 
were dependent on prescription opioid pain medication.3 

Low-level laser therapy (LLLT) is a form of light therapy 
that acts on mitochondrial photoreceptors, triggering cell 
proliferation and fibroblastic regeneration. Light therapy is a 
broad spectrum term that may encompass coherent and 
noncoherent light and continuous versus pulsed laser 
applications. For the purposes of this article, we focus on 
LLLT, which describes coherent continuous laser of  
600 to 1000 nm wavelength. LLLT has been used in pain 
management for years and is also know as known as cold 
laser therapy.4 It has seen applications in pain reduction and 
healing stimulation. Many studies have demonstrated 
analgesic and anti-inflammatory effects provided by 
photobiomodulation in both experimental and clinical 
trials.5,6 

Therefore, the purpose of this research article is to 
present a summary of the possible pain management benefits 
of LLLT. 

METHODS
This research article is a brief summary of LLLT as an 

alternative pain management treatment method. The search 
strategy utilized was categorized as a review of the literature 
including MEDLINE, and Science Direct search with  
peer-reviewed published research from 1996 to 2016. The 
search was limited to studies published in English, Spanish, 
Portuguese and German language with the Medical Subject 
Headings (MeSH) headings low-level laser therapy, 
photobiomodulation, and chronic pain. Studies with other 
scopes with the above headings were excluded (Table 1). The 

search strategy for this review was as follows:  
Step 1: The reference lists of articles identified by the search 
engines were searched and triaged into usable relevant 
publications. Step 2: The relevant research articles were then 
reviewed by the author(s) and summarized into a relevant 
table of research. Peer-reviewed articles were included or 
excluded based on scope, language, relevancy and content 
pertinent to the publication. Step 3: The author(s) reviewed the 
articles and summarized the information into the present 
article, relevant to the topic of OA, chronic pain management, 
and LLLT. 

DISCUSSION OF RESULTS
Chronic pain due to musculoskeletal disorders is known 

to be one of leading causes of disability in the United States.1 
This condition has increased in prevalence in the last 25 years 
and is expected to continue rising, further burdening the 
health care system and decreasing patients quality of life.7 To 
understand the rationale behind treatment methods for pain 
syndromes due to musculoskeletal injury, it is vital to have an 
understanding of the pathophysiology of the condition. 
Musculoskeletal dysfunction is characterized by a loss or 
failure of the functional/biochemical integrity of a joint.8 OA 
is one of the most well-known joint dysfunctions, and a key 
pathological feature is the degeneration of articular cartilage 
within the joint. Decreased articular cartilage, subchondral 
bone sclerosis, osteophyte development, and chronic  
low-grade synovial inflammation are all involved in the 
pathogenesis of OA, and they result in the main symptoms of 
OA: joint stiffness, joint pain, and dysfunction.9 The 
biochemical properties of OA relate to an abnormal 
remodeling of the joint, spurred by inflammatory mediators. 
Cytokines, such as interleukin 1; tumor necrosis factor; 
interleukin 8; bioactive lipids such as prostaglandin E2; and 
well-known proinflammatory chemicals, such as nitric oxide, 
are seen in high concentration in the osteoarthritic joint; 
these elevated proinflammatory markers are likely attributed 
to the synovitis associated with OA, and they contribute to 
the holistic degeneration of the joint.10 

One therapy that has shown promise in clinical and 
laboratory studies is LLLT or cold laser therapy. The applications 
of cold laser therapy in deeper wound healing has been of 
interest in the scientific community, with literature exploring 
its potential in Achilles tendinopathy, myofascial neck, and 
Bouchard’s and Heberden’s OA.10 In cold laser therapy, coherent 
light of wavelength 600 to 1000 nm is applied to an area of 
concern with hope for photo-stimulating the tissues in a way 
that promotes and accelerates healing. This is evidenced by 
the similarity in absorption spectra between oxidized 
cytochrome c oxidase (CCO) and action spectra from 
biological responses to light.11 Light is thought to interact 
with the copper and iron chromophores of cytochrome c to 
increase oxidation velocity and consequently accelerate 
cellular metabolism and the production of adenosine 
triphosphate (ATP). The nitric oxide (NO) hypothesis 
describes observed increased levels of nitric oxide within 

Search Engines
(MEDLINE, Science Direct)

(N = 30)

20 peer-reviewed  
publications

Publications excluded due 
to scope not applicable 

(n = 4)

Excluded non-peer-
reviewed publications

(n = 10)

Publications used with 
appropriate scope, content, 
and relevance to the topic

(n = 16)

Figure 1. Research Selection
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light-exposed tissue. The NO release due to LLLT exposure 
has been theorized to be due to photo-dissociation of NO 
from CCO; normally, NO and CCO association (facilitated 
by mitochondrial NO synthase production of NO) 
downregulates oxygen metabolism and the production of 
ATP; by this method, light-induced dissociation both 
increases the rate of ATP production and allows more free 
NO available as a vasodilator.4,12 Increased ATP production is 
also known to cause increased concentrations of reactive 
oxygen species (ROS). These ROS activate transcription 
factors leading to the upregulation of genes related to cellular 
proliferation and the production of cytokines and growth 
factors.4,12 

These theories can help to explain the findings of 
increased levels of ATP synthesis, oxygen uptake, and RNA 
and protein synthesis seen in individual mitochondria, and 
the effect of fibroblastic proliferation and wound healing 
observed on a more macroscopic level.12 Vasodilation; 
upregulation of genes related to cellular proliferation; and 
increased availability of oxygen, cytokines, and growth 
factors all contribute to the improved healing and 
strengthening of compromised ligaments and soft tissues. In 
clinical studies, LLLT has shown promise in managing 
Achilles tendonitis,13 neck pain,14 extremity OA,10 and other 
chronic musculoskeletal chronic pain disorders.15 

Barriers to the implementation of LLLT in treating chronic 
pain in OA involve the high variation in methods of application. 
Laser type, ideal dose, and specific wavelength may make health 
care intimidated to take up laser therapy. Further research is 
needed to determine ideal dose targets for clinical applications. 
As per our review, there does not appear to be any distinct 
wavelength at which healing is optimal, as long as practitioners 
adhere to the flexible range of 600 to 1000 nm.

CONCLUSION
Based on the findings, we propose a complementary 

nonpharmacological approach to manage chronic pain, 
preferably working in collaboration with other traditional 
conservative strategies. LLLT, using the properties of coherent 
light, has been seen to produce pain relief and fibroblastic 
regeneration in clinical trials and laboratory experiments, 
respectively. LLLT has also been seen to significantly reduce 
pain in the acute setting; it is proposed that LLLT is able to 
reduce pain by reducing the level of biochemical markers, 
oxidative stress, and the formation of edema and hemorrhage. 
Many studies have demonstrated analgesic and  
anti-inflammatory effects provided by photobiomodulation 
in both experimental and clinical trials.5,6 Therefore, based on 
current research, the utilization of LLLT for pain management 
and osteoarthritic conditions may be a complementary 
strategy used in clinical practice to provide symptom 
management for patients suffering from OA and chronic 
pain. 
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