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The Brain Warrior’s Way 
 

Ignite Your Energy and Focus 
Attack Illness and Aging 

Transform Pain into Purpose 
 

Daniel Amen, MD 
2016 

 
(quoting Mark Hyman) 

 
 
Many physicians say that if you eat a balanced diet you 
do not need supplements. 
 
If people eat wild, fresh, organic, local, non-genetically 
modified food grown in virgin mineral- and nutrient-rich 
soils that has not been transported across vast 
distances and stored for months before being eaten ... 
and work and live outside, breathe only fresh 
unpolluted air, drink only pure, clean water, sleep nine 
hours a night, move their bodies every day, and are 
free from chronic stressors and exposure to 
environmental toxins, then it is possible that they might 
not need supplements. 
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The Key Quartet 
 

1) The Theory of Everything by Michael Pollan: 
  
AA/EPA 1.5-4/1 
 
ALA, EPA, DHA, GLA 
 
3000-3600 mg/day of EPA + DHA 
 
“Most modern people are boiling pots of inflammation: hot steaming, 
churning cauldrons of disordered, chaotic inflammatory responses.” “I 
[William Davis, MD] advocate an intake of 3,000 to 3,600 mg per day (the 
dose of combined omega-3 fatty acids, EPA and DHA, not fish oil).” 
 
“Magnesium and the essential fatty acids found in fish are interdependent; 
each works more efficiently when the other is present in sufficient 
amounts.” 
 
2) Vitamin D 
For the Innate Immune Response, not just for building bone. 
 
The Harvard Medical School Guide to Healthy Eating, Eat, Drink, and Be 
Healthy, by Walter Willett, MD, indicates that one rarely needs Ca++ 
supplementation if one has adequate levels of vitamin D, and that 
excessive Ca++ is actually a health hazard. 
 
Most Americans need 5,000 IU of vitamin D3 daily. 
 
3) Magnesium (Mg++) 
 
Carolyn Dean, MD: 
 
Optimal Ca++/Mg++ ratio is 1/1. Current US average ratio is 10/1. 
 
Typical American needs to supplement with 3-4.5 mg Mg++ per pound 
body weight, daily. 
 
Magnesium is a cofactor for the activity of 700-800 enzymes. 
 
“Magnesium in adequate amounts is essential for the absorption and 
metabolism of calcium and vitamin D.” 
 
“Calcium cannot build bones or prevent osteoporosis without adequate 
levels of magnesium.” 
  
“Magnesium is nature’s calcium channel blocker.” 



 
“The most common causes of high blood pressure are magnesium 
deficiency and calcium excess.” 
 
“Calcium, if not balanced with magnesium, ends up depositing in a child’s 
kidneys, coronary arteries, and cartilage, not the bones.” 
 
“Calcium overload is one of the main causes of inflammation.” “Magnesium 
is a key anti-inflammatory because you can neutralize calcium with 
magnesium, dramatically reducing your levels of inflammation.”  
 
Mildred Seelig, MD: 
 
“Most modern heart disease is caused by magnesium deficiency.” “The diet 
of the industrial world is short on magnesium, and thus is causing an 
epidemic of heart disease in the modern world.” 
 
“Much of the heart disease seen today is a direct result of low magnesium 
consumption.” 
 
“Low magnesium levels adversely affect the heart and blood vessels.” 
 
“Blood vessel muscle cells need healthy amounts of magnesium to relax 
properly after each contraction.” 
 
“Literally every energy-consuming reaction in life involves ATP and thus 
needs magnesium to proceed.” 
 
HMG-CoA reductase is a key enzyme that converts sugar into cholesterol. 
Magnesium blocks this enzyme, so higher levels of Mg++ reduce 
cholesterol levels. 
 
More importantly, there is an enzyme (lecithin-cholesterol-acyl-transferase 
[LCAT]) that converts LDL to HDL. “Magnesium is a necessary cofactor for 
this enzyme.” “Cholesterol measurements can actually be a reflection of 
magnesium status, not fat intake.” Magnesium prevents atherosclerosis. 
 
4) Vitamin K 2-4 and K2-7 
 
Without vitamin K2-4 and K2-7, calcium is deposited into arteries, joints 
and kidneys. Those on statin drugs often need to double vitamin K 
supplementation (clinician, be mindful of clotting issues and 
pharmacology). 
 
 
 



The Minimum Five Supplements 
 
 

1) A quality multiple vitamin/mineral supplement, without copper, daily 
 
The vitamin/mineral content of food is linked to the quality of the soil the food is 
grown in. Not only is our soil depleted of critically important minerals, our crops/soil 
are exposed to huge amounts of chemicals that bind to minerals, making them 
unavailable for human nutritional requirements. This is called nutritional inflation, 
and the entire world is suffering from it. A quality multiple vitamin/mineral 
supplement is now necessary for the majority of people on the planet. Importantly, 
the supplement should not contain copper, as supplemental copper has been linked 
to an increased risk of Alzheimer’s Disease for more than a dozen years. 
 
2)  3,000 mg/day of EPA+DHA omega-3s from purified fish oil per day 
 
The Theory of Everything: the majority of chronic incurable degenerative diseases 
are linked to inflammation. The most critical driver of inflammation is the ratio of 
omega-6 to omega-3 fats. Americans consume far too many inflammatory omega-
6s, and far too few anti-inflammatory omega-3s. 
 
3)  Vitamin D3, 5000 IU per day 
 
Vitamin D does a lot more than build healthy bones. It is critical for immune system 
function and for brain physiology. Most Americans are significantly low in vitamin D 
levels and supplementation is necessary for almost everyone. 
 
4)  Magnesium (Mg++), about 500 mg/day 
 
Magnesium is a cofactor for the activity of 700-800 human enzymes. Magnesium is 
the most important mineral for accessing human energy; it also protects the heart, 
blood vessels, and brain. Most Americans are significantly low in magnesium and 
supplementation is necessary for almost everyone. 
 
5) Vitamin K2-4 and K2-7 
 
Without vitamin K2-4 and K2-7, calcium is deposited into arteries, joints and 
kidneys. This is why most people who take vitamin D should also take vitamin K.  
Individuals with blood clotting disorders should talk to their doctor before taking 
vitamin K. Individuals taking statin drugs often need to double vitamin K 
supplementation, but again should ask their doctor. 
 



Required Supplements 
 

(Nutri-West: 800-443-3333) 
 
Multiple Vitamin-Mineral 
Should be copper free (less than 100 micrograms) and iron free 
(3 Core Level Health Reserves) 
 
 
Omega-3 Fatty Acids 
 Infants, children, pre-puberty: 
 The DHA should be greater than the EPA (2.6/1) 
 900 mg of EPA + DHA per day (8 Complete Children’s EPA/DHA) 
 
 Adults: 
 An ideal ratio of ALA, EPA, DHA, and GLA; EPA should be double DHA 
 3,000 mg of EPA + DHA per day (6 Complete Omega-3 Essentials) 
 or 1 teaspoon of Complete Hi-Potency Omega-3 Liquid 
 
Omega-3 Antioxidants 
(1 Complete Omega-3 Co-Factors per gram of EPA + DHA)  
 
Vitamin D3  (Contraindicated in those with sarcoidosis and other   
    granulomatous diseases)  
 
 Infants:   400 IU per day for infants (1 Vitamin D 400) 
 
 Pre-Puberty:  2,500 IU per day for children (1 Complete Immuno D3) 
 
 
 Adult:  5,000 IU per day (1 Complete Hi D3) 
 
Magnesium  (Contraindicated in those with kidney failure, myasthenia gravis,  
   excessively slow heard rate, bowel obstruction (reference below) 
   (dosage as per Carolyn Dean, MD, reference below) 
  
 3-4.5 mg/pound of body weight (300-900 mg per day, 1-3 per day) 
 
 Complete Magnesium 
 
Vitamin K 2-4 and K 2-7 
 
 Complete K  1 daily, unless on statin drugs, then 2 daily 
 
 



 1 
Memory Rescue 

 
Supercharge Your Brain, Reverse Memory Loss, and Remember 

What Matters Most 
 

Daniel Amen, MD 
2017 

 
“The last 40 years have witnessed a massive increase in the amount of 
hormone-disrupting synthetic chemicals finding their way into our air, 
food, and water....The most sensitive and highly susceptible of human 
tissues turned out to be the thyroid gland.”  
 
“For this reason, many physicians consider the thyroid to be the so-
called ‘canary in the coal mine,’ alerting us to the dangers of ingested 
toxins.”  
  

Undoctored 
 

Why Health Care Has Failed You and How You Can Become 
Smarter Than Your Doctor 

 
William David, MD 

2017 
 

“Iodine and Thyroid Health: Ann Old Problem Returns” 
 

“Those who cannot remember the past are doomed to repeat it” 
 
“Most doctors ignored the fact that grains initiate the process of 
autoimmune thyroid destruction in as many as half the cases of thyroid 
disease.”  
 
“That said, iodine is one of the handful of nutritional supplements 
included in the Undoctored Wild, Naked, and Unwashed approach that 
can pack a powerful punch by correcting a common deficiency, yet 
another component of the combined synergistic Undoctored strategies.” 
 
“Iodine protects the thyroid and other organs against halogenated 
industrial compounds, meaning chemicals containing fluorine, chlorine, 
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 2 
and bromine, toxic compounds that are everywhere, from drinking 
water to swimming pools to herbicide residues on nonorganic 
vegetables to bread. Iodine is also a halogen and thereby partially 
blocks the toxic effects of other halogens.” 
 
“Iodine protects against or can reverse fibrocystic breast disease. 
Fibrocystic breast disease, believed to be a precursor to some forms of 
breast cancer, occurs to greater degrees in women with iodine 
deficiency and can be reversed in many women with iodine restoration.” 
 
“Iodine may be protective for oral health, as the salivary glands also 
concentrate iodine for secretion into saliva.”  
 
“If you are not deficient at the start, iodine is still worth supplementing 
because it provides a protective effect against many industrial 
chemicals and will prevent future deficiency.” [Key Point] 
 
“While iodine is critical for thyroid health, you can see that it is also 
important outside the thyroid, especially for breast and oral health.” 
 
“Once again, we aim for the ideal intake, not an adequate or average 
intake. The Recommended Dietary Allowance, RDA, for iodine in adults 
is 150 micrograms per day, the quantity set many years ago as the 
intake required to not have a goiter.” 
 
“Unfortunately, there are no detailed explorations to establish an ideal 
intake, but I have advised 500 to 1,000 micrograms per day for many 
years and have witnessed assured iodine replacement that includes 
reversal of hypothyroidism and many cases of fibrocystic breast 
disease, with not a single instance of iodine toxicity.” 
 
“There’s another level of complexity to factor in: We live in the age of 
endocrine disruption. We are increasingly exposed to industrial 
chemicals such as bisphenol A (BPA), phthalates in shampoos and 
conditioners, vinyl chloride from plastics, pesticides, herbicides, 
polychlorinated biphenyls (PCBs), perfluoro-octanoic acid from Teflon, 
and many, many others that are proving to be potent disrupters of the 
endocrine system.”  
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BrainSpan 
 

Omega-6/Omega-3 
 

[Working on Vitamin D and Red Blood Cell Magnesium] 
 

www.brainspan.com/murphy 
make sure that the entire link is all lowercase 

  
Here are the details of what we will offer doctors that attend your 
seminar and sign up through the above link: 
 
•The initial $495 new provider fee will be waived for Murphy doctors 
(NO FEES) 
 
•The initial order to become a provider will only be 3 kits instead of 10 
  
When they register as a new provider and buy 3 kits they will also get 
the following: 
 
•Receive your own online portal to easily access and manage all of your 
patient assessments 
 
•Receive access to all live and recorded BrainSpan webinars and 
presentations 
 
•Receive 100 patient brochures 
 
•Receive BrainSpan posters, Clinical Practice Guidelines, and requisition 
forms 
 
•Receive training on how to use the assessment in your practice 
  
Pricing is as follows: 
 
•$59 per kit when you purchase 5 kits per month (Doctors can cancel at 
anytime after 2 months if the volume is too much) 
 
•$99 per kit (sold in 5 packs) if you want to purchase kits whenever 
you want with no monthly commitment 



Did You Know? 
 
• Spinal stiffness was linked to visceral pathology with nearly 100% accuracy based upon sympathetic innervation.  
 (Medical Times, 1921) 
 
• 1,000 capsules of Tylenol in a lifetime doubles the risk of end stage renal disease. (New England Journal of Medicine, 1994) 
 
• The average time for a whiplash-injured patient to achieve maximum improvement is 7 months 1 week. (Spine, 1994) 
 
• 93% of patients with chronic whiplash pain who have failed medical and physical therapy care improve with chiropractic 
 adjustments. (Injury, 1996) 
 
• Taking the correct drug for the correct diagnoses in the correct dose will kill about 106,000 Americans per year, making it the 
 4th most common cause of death in the US. (Journal of the American Medical Association, 1998) 
 
• Nonsteroidal anti-inflammatory drugs for rheumatoid and/or osteoarthritis conservatively cause 16,500 Americans to bleed 
 to death each year, making that the 15th most common cause of death in the US. (New England Journal of Medicine, 1999) 
 
• Glutamate and aspartame can cause chronic pain sensitization, and removing them from the diet for 4 consecutive months 

can eliminate all chronic pain symptoms. (Annals of Pharmacotherapy, 2002) 
 
• Chiropractic spinal adjusting has been shown to be better than 5 times more effective than the NSAIDs pain drugs Celebrex 
 and Vioxx in the treatment of chronic neck and low back pain. (Spine, 2003) 
 
• In patients suffering from chronic pain subsequent to degenerative spinal disease, 59% can eliminate the need for pain drugs 
 by consuming adequate levels of omega-3 essential fatty acids. (Surgical Neurology, 2006) 
 
• Chiropractic adjustments have been shown to significantly lower blood pressure. (Journal of Human Hypertension, 2007) 
 
• The estimated incidence of chronic pain from whiplash trauma is 15-40%. (Jour of the Am Academy of Ortho Surg, 2007) 
 
• Meniere’s Disease has been linked to a disorder of the upper cervical spine facet joints. (International Tinnitus Jour, 2007) 
 
• Supplementing with vitamin D3 has the potential to reduce cancer deaths in America by 75%. (Ann of Epidemiology, 2009) 
 
• Potentially, the largest exposure of Americans to the neurotoxin mercury is through the consumption of products containing 
 High Fructose Corn Syrup. (Environmental Health, 2009) 
 
• Those who consumed the highest amounts of nonsteroidal anti-inflammatory pain drugs increased their risk of dementia, 
 including Alzheimer’s dementia, by 66%. (Neurology, 2009) 
 
• The newest estimate for the incidence of autism is 1 in 91 US children. (Pediatrics, 2009) 
 
These published facts and hundreds more are available through my Article Review Service, now in its 15th year. Reviews are detailed, 
thorough, timely and cutting-edge, with KEY POINTS summary and chiropractic practical applications. The Reviews are in PDF 
format for easy printing. They are excellent for educating the chiropractor, staff, patients and for lecture preparation. 
Sign-up through the website with a credit card, $100.00 per year. The Archives (past years 2001-2013) are available for $150.00. 
 
Website:  www.danmurphydc.com 
Assistant:   Michelle Schaer, DC (602) 826-2277; drmschaer@cox.net 
 
SUBSCRIBER COMMENTS 
Dr. Dan, 
Any chiropractor that truly cares about his patients and not about just making a buck needs to be subscribing to your Article Review 
Updates. I certainly am going to do my part to see that each chiro I come in contact with knows what an absolutely invaluable 
resource it is. I sat in amazement at the last two articles you sent regarding antibiotic overuse and atopic disorders. What crucial 
information to pass on to my practice members. Thanks and keep up the awesome work.                               Dr. G.M.; August 1, 2002 
Dear Dan, 
I hope you can continue providing this information for many years to come.  I have been in practice for 18 years and find these 
citations to be the most informative, chiropractically relevant information that I have received in my career.  I would be willing to pay 
more for this information to make sure that it keeps coming.  Again, thank you!!                                              JR, DC; January 8, 2005 
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- Pain
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The Prevalence, Patterns, and Predictors of Chiropractic Use Among US 

Adults 
 

Results From the 2012 National Health Interview Survey 
 

Spine  
December 1, 2017; VOL. 42; No. 23; pp. 1810–1816 

 
Jon Adams, PhD; Wenbo Peng, PhD; Holger Cramer, PhD; Tobias Sundberg, PhD; 
Craig Moore, Masters of Clinical Trials Research; Lyndon Amorin-Woods, MPH; 
David Sibbritt, PhD; Romy Lauche, PhD 
 
The aim of this study was to investigate the lifetime and 12-month prevalence, 
patterns, and predictors of chiropractic utilization in the US general population. 
 
The data for this study was from the National Health Interview Survey (NHIS), 
which is the principle and reliable source of comprehensive health care information 
in the United States, utilizing a nationally representative sample of the civilian non-
institutionalized population of the United States. The NHIS dataset provides a large-
scale nationally representative sample regarding chiropractic use. 
 
KEY POINTS FROM THIS STUDY: 
 
1) “Chiropractic is one of the largest manual therapy professions in the United 
States and internationally.”  
  
2) “Chiropractic is one of the commonly used complementary health approaches 
in the United States and internationally.” 
 
3) “There is a growing trend of chiropractic use among US adults from 2002 to 
2012.” 
 
4) Chiropractic: 
 
• Uses manual therapy to treat musculoskeletal and neurological disorders. 
 
• Is covered by Medicare and Medicaid for all adults in the United States. 
 
• Is included in the workers’ compensation systems in most US States. 
 
• Has >70,000 practicing providers in the United States. 
 
• Total costs for US visits in 2013 is estimated to be more than $10 billion. 
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 5 
 
5) “Back pain (63.0%) and neck pain (30.2%) were the most prevalent health 
problems for chiropractic consultations and the majority of users reported 
chiropractic helping a great deal with their health problem and improving overall 
health or well-being.”  
 
6) “A substantial number of chiropractic users had received prescription (23.0%) 
and/or over-the-counter medications (35.0%) for the same health problem for 
which chiropractic was sought and 64% reported chiropractic care combined with 
medical treatment as helpful.” 
 
7) “A substantial proportion of US adults utilized chiropractic services during the 
past 12 months and reported associated positive outcomes for overall well-being 
and/or specific health problems for which concurrent conventional care was 
common.” 
 
8) The numbers on chiropractic: 
 
• 55 million adults in the US have been to a chiropractor. 
 
• 19 million adults in the US have consulted a chiropractor within the previous 
 12 months. 
 
• The average number of consultations is 10 visits. 
 
• Insurance was involved in 60% of chiropractic visits. 
 
 •• Insurance covered 100% of the chiropractic costs in 31% of visits. 
 
• The average cost per chiropractic visit was US $42. 
 
• The average total out-of-pocket costs for chiropractic per year was US $2.2 
 billion. 
 
9) “Most respondents reported consulting a chiropractor for general wellness or 
disease prevention (43%), to improve their energy (16%), or to improve athletic or 
sports performance (15%).” 
 
10) “Many respondents reported positive outcomes of chiropractic utilization 
agreeing that such care had helped them to improve overall health and make them 
feel better (67%), to sleep better (42%), and to reduce stress or to relax (40%).” 
 
11) “Back pain or back problems (63%) and neck pain or neck problems (30%) 
were by far the top specific health problems for which people consulted a 
chiropractor in the past 12 months, followed by joint pain/stiffness (14%) and other 
pain conditions. Around two in three users (65%) reported that chiropractic had 
helped a great deal to address these health problems.” 
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 6 
 
12) “Chiropractic was used mainly because of respondents believing it would help 
when combined with their medical treatment (65%), owing to a perception that it 
treated the cause and not just the symptoms of their health problem (62%), and 
owing to it being considered natural (38%).”  
 
13) “A large proportion of chiropractic users also received over-the-counter (OTC) 
medication (35%) and/or prescription medication (23%) for the same health 
problem for which chiropractic was sought and 34% of respondents used 
chiropractic because they considered medical treatments to not be working for their 
condition.” 
 
14) “Chiropractic was mainly recommended by family (32%), friends (26%), and 
medical doctors (18%) in the past 12 months.” 
 
15) “Less than 5% of respondents were worried that their conventional health 
care provider would discourage their chiropractic use.” 
 
16) “Our analyses show that, among the US adult population, spinal pain and 
problems - specifically for back pain and neck pain - have positive associations with 
the use of chiropractic.”  
 
17) “The most common complaints encountered by a chiropractor are back pain 
and neck pain and is in line with systematic reviews identifying emerging evidence 
on the efficacy of chiropractic for back pain and neck pain.” [Important] 
 
19) The primary source for chiropractic information by patients is the internet 
(8%). 
 
20) “Chiropractic services are an important component of the healthcare provision 
for patients affected by musculoskeletal disorders (especially for back pain and neck 
pain) and/or for maintaining their overall well-being.”  
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 1 
Researching Nondrug Approaches to Pain Management 

 
Medical News & Perspectives 

 
An Interview with Robert Kerns, PhD 

 
Journal of the American Medical Association 

March 28, 2018; E1 
 
Jennifer Abbasi 
 
Robert Kerns, PhD: 
 
• Clinical psychologist and a professor of psychiatry, neurology, and psychology 
 at Yale University. 
 
• Opened an interdisciplinary pain management center for veterans at the Yale-
 affiliated Veterans Affairs (VA) Connecticut Healthcare System in 1980. 
 
• Has spent about 4 decades treating and studying pain in veterans and 
 military service members. 
 
• Was the VA’s first national program director for pain management. 
 
• At the forefront of the Pain Management Collaboratory, a research initiative of 
 the National Institutes of Health, the Department of Defense, and the VA, 
 investigating nondrug approaches to pain management. 
 
KEY POINTS FROM DR. KERNS: 
 
1) “The overarching goal of this collaboratory is to study the effectiveness of a 
variety of nondrug approaches to pain management that have sufficient evidence to 
suggest their potential value in an integrated model of care.”  
 
2) This Pain Management Collaboratory is important because: 
 
• There is an established, well-recognized public health crisis of pain in this 
 country. 
 
• The opioid epidemic.  
 
 •• “These 2 public health crises together have informed the need for an  
  effort to focus on the science and further development of the evidence  
  to encourage the implementation of nondrug, non-opioid approaches to 
  pain management.” 
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 2 
3) There is a high prevalence of pain in the civilian population, and even higher 
prevalence of pain among military service members and veterans. 
 
4) “Noncombat exposure to occupational hazards seems to be associated with 
particularly high rates of muscular skeletal conditions that are more commonly 
associated with aging.” 
 
5) It is important to think about alternatives to drug approaches for pain control 
to try to “avoid some of the complications of overuse of medications.” 
 
6) “This collaboratory is going to fund 11 pragmatic clinical trials, which are a 
very interesting compilation of methodologies and designs. One trial will examine 
[the appropriate] dose of chiropractic care—specifically an approach called spinal 
manipulation.” [Important] 
 
7) The nondrug approaches that are believed to have both evidence and benefit 
for pain management: 
 
• “In the group of manual approaches, we can name acupuncture, massage, 
 and spinal manipulation as evidence-based approaches that deserve more 
 funding and more attention.” 
 
• “There’s a lot of support for basic exercise and movement approaches, like 
 simple walking programs.” Also, tai chi and yoga. 
 
• Cognitive behavioral therapy.  
 
• Biofeedback, especially for headache. 
 
• Hypnosis, “but needs additional research to really push it into the group of 
 what we might call evidence-based approaches.” 
 
• Neuromodulatory nerve stimulation.  
 
8) “In your experience, are military personnel and veterans—and the broader 
population—ready for nondrug approaches?” 
 
• “There’s a demand for them. More and more people are seeking chiropractic 
 care, or massage care, or even acupuncture—the 3 complementary and 
 integrative health approaches that currently have billing codes that allow 
 providers to bill for their services through third party payers.”  
 
• “What we want to do is try to increase the evidence to demonstrate the
 benefits of the broader array of these kinds of approaches.” 
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 3 
9) “Physicians, as a group, are not well educated about pain management. The 
education emphasized is drug therapies.” 
 
• “We also need to challenge some of [providers’] stigma and bias and 
 stereotyping about people with pain. 
 
• “We need to educate administrators and policy makers about the importance 
 of investing in these kinds of approaches and show them the business case 
 for how some of [them] already have evidence for not only their effectiveness 
 but their cost effectiveness.” 
 
• “Some of these approaches can actually reduce downstream costs.”  
 
• “So we’ve got a good opportunity here. The time is right.”  
 
COMMENTS FROM DAN MURPHY 
 
This article is important for a number of reasons: 
 
• The pain problem in America is huge. 
 
• The drug approach to the pain problem is inadequate. 
 
• The opioid drug approach has created an epidemic crisis. 
 
• The nondrug assessment only included approaches that “have sufficient 
 evidence to suggest their potential value,” and the first approach mentioned 
 was chiropractic. 
 
• Chiropractic and spinal manipulation are an “evidence-based approach” to 
 pain management. 
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 1 
Pain 

 
The complexities of pain are overwhelming. Yet, the basic physiology of pain can be 
simplified. Excellent resources for the simplification of pain are found in the writings 
of C. Chan Gunn, MD. Dr. Gunn is a Clinical Professor, Multidisciplinary Pain Center, 
University of Washington School of Medicine (1, 2). A summary of Dr. Gunn’s works 
follows: 
 
Pain is an electrical signal interpreted by the brain.  
 
The pain electrical signal is brought to the brain via neurons in the spinal cord. 
 
A number of phenomenon can bring the electrical signal from the peripheral body or 
viscera to the spinal cord. Five such phenomenon are most relevant and discussed 
below. 
 
Activating the suprasegmental descending pain inhibitory system can inhibit all 
pain, regardless of the initiating phenomenon (3).  
 

Central Pain 
 
Central Pain occurs when there is damage or lesion to the brain or spinal cord. This 
damage can be inflammatory, vascular, traumatic, infectious, neoplastic, metabolic, 
or of scar origins. Lasers can help with several of these mechanisms, especially 
inflammatory, vascular, traumatic, and scar (4, 5). 
 

Nociceptive Pain 
 
In the Gunn classification, Nociceptive Pain is important every day pain that warns 
us to avoid events that are potentially dangerous or damaging. No tissue damage. 
Instant relief of the pain is possible by altering behavior. Individuals with this type 
of pain self diagnose and treat. A healthcare provider is rarely indicated or 
consulted for nociceptive pain. 
 

Algogenic Pain 
 
Algogenic Pain classically refers to pain initiated by an inflammatory process. 
Inflammation alters the threshold of the pain neurons, initiating the pain electrical 
signal to the brain (6). Although many chemicals can be responsible for algogenic 
pain, the most noted is prostaglandin E2 (Nobel prize 1982). Laser therapy inhibits 
the production of prostaglandin E2, and without side effects (7, 8). 
 

Ectopic Pain 
 

Most commonly, pain starts when the receptor of the neuron achieves 
depolarization threshold. Yet, an irritation along the axon of a nerve can also 
initiate the pain electrical signal to the brain. Classic terminology for this type of 
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pain is ectopic nidus of depolarization, or ectopic pain. Examples would include 
peripheral entrapment syndromes (like carpal tunnel syndrome) or a disc herniation 
with compressive neuropathology. Laser therapy effectively helps ectopic pain, 
particularly if it is inflammatory or secondary to scar formation (4). 
 

Peripheral Neuropathy Pain 
 
Peripheral Neuropathy can enhance the pain electrical signal to the brain. The most 
common example is diabetic peripheral neuropathy. Laser therapy can help 
peripheral neuropathy pain secondary to affecting the nerve’s action potential (8). 
 

Neuropathic Pain 
 
Neuropathic Pain occurs when the nerve itself is injured, enhancing the pain 
electrical signal to the brain. Laser therapy can help neuropathic pain, especially 
when the injury involves inflammation or scar (9). 
 

Activating the Suprasegmental Descending Pain Inhibitory System 
 
It has been understood for decades that activating the suprasegmental descending 
pain inhibitory system can help all pain, regardless of categorization or etiology It is 
possible that laser therapy can help every type of pain by activating this 
mechanistic pathway (10). 
 
 
REFERENCES 
 
1) Gunn CC; Pain and Misperceptions in Neuropathways or Type Three Pain; 
International Conference on Acupuncture and Chronic Pain; New York; 1983.   
 
2) Gunn CC; The Gunn Approach to the Treatment of Chronic Pain; Churchill 
Livingstone; New York; 1996. 
 
3) McMahon SB, Koltzenburg M; Wall and Melzack’s Textbook of Pain; Fifth 
Edition; Elsevier Churchill Livingston; London; 2006. 
 
4) Doidge N; The Brain’s Way of Healing: Remarkable Discoveries and 
Recoveries from the Frontiers of Neuroplasticity; Chapter 4: “Rewiring the Brain 
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Pain 

 
 

Pain is a huge problem in America, and all Americans know that opiate drugs are 
not the solution to our pain problem. 
 
In her 2014 book, A Nation in Pain, Judy Foreman claims, “Out of 238 million 
American adults, 100 million live in chronic pain.” (1) A conservative estimate of 
the direct costs and lost productivity resulting from this pain is up to $635 billion 
yearly (2). 
 
Chronic pain affects every region of the body. Quantifying the anatomical regions 
for American’s chronic pain shows that the most significantly affected region is the 
lower back (3): 
 
Hip Pain   07.1% 
Finger Pain  07.6% 
Shoulder Pain  09.0% 
Neck Pain   15.1% 
Severe Headache 16.1% 
Knee Pain   19.5% 
Lower-Back Pain 28.1% 
 
There is a high level of satisfaction by patients who seek treatment for spinal and 
other pain syndromes from chiropractors (4). It is argued that the physiological 
basis for the chiropractic benefit for pain suffers is the closure of the “pain gate.” 
(5) Yet, chiropractors often also use adjuncts to spinal adjusting for the treatment 
of pain syndromes. The rational for such adjuncts is that inflammation alters the 
threshold of the nociceptive system. 
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 3 
Most pain is a chemical event. Inflammatory chemicals irritate pain nerves. 
Understanding of the inflammatory chemical nature of pain was awarded the Nobel 
Prize in Physiology or Medicine in 1982. In 2007, the journal Medical Hypothesis 
states (6): 
 
 “Every pain syndrome has an inflammatory profile consisting of the 
 inflammatory mediators that are present in the pain syndrome.”  
 
 “The key to treatment of Pain Syndromes is an understanding of their 
 inflammatory profile.”  
 
 “The origin of all pain is inflammation and the inflammatory 
 response.” 
 
 “Irrespective of the type of pain whether it is acute or chronic pain, 
 peripheral or central pain, nociceptive or neuropathic pain, the 
 underlying origin is inflammation and the  inflammatory response.”   
 
 “Irrespective of the characteristic of the pain, whether it is sharp, 
 dull, aching, burning, stabbing, numbing or tingling, all pain arises 
 from inflammation and the inflammatory response.” 
 
Although there are many inflammatory chemicals related to pain, the best 
understood is an eicosanoid hormone-like chemical called Prostaglandin E2 (PGE2). 
As depicted in the graph above, PGE2 is derived from the omega-6 fatty acid 
Arachidonic Acid (AA). AA itself is derived from vegetable oils, primarily corn, soy, 
sunflower, safflower, cottonseed, peanut, and canola oils. As such, consumption of 
any of these vegetable oils is inflammatory and related to pain thresholds. When 
one consumes meat derived from animals fed any of these products one is 
consuming high quantities of pre-formed AA, increasing the likelihood of suffering 
from pain syndromes (7). 
 
In the pain references text, Weiner’s Pain Management, published by the American 
Academy of Pain Management, notes the following as a major cause of the modern 
epidemic of pain (8): 
 
 “Changes in the modern diet are largely responsible for the increasing 
 incidence of essential fatty acid imbalances and deficiencies.” 
 
 “The ratio of omega-6 to omega-3 fats has changed dramatically due 
 to the widespread use of vegetable oils (mostly n-6 fats) in cooking 
 and to the processing of oils.” 
 
 “Historical estimates place the ratio of omega-6 to omega-3 oils at 
 nearly 1:1 for prehistoric humans.” 
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 4 
 By the turn of last century (1900), the ratio had increased to about 
 4:1. The current American ratio is about 25:1. 
 
This text indicates that 100 years ago Americans consumed about two pounds of 
these inflammatory vegetable oils yearly; the current approximate level of 
consumption in 25 pounds yearly. The results are an explosion of inflammatory 
conditions, including pain, which are treated with non-steroidal anti-inflammatory 
drugs (NSAIDs). 
 
As noted in the graph above, the conversion of the omega-6 fatty acid AA into 
inflammatory (and pain producing) PGE2 is controlled by a series of enzymes called 
cyclooxygenase, often abbreviated COX. The 1982 Nobel Prize details how the COX 
enzymes are inhibited by a group of drugs, mentioned in Weiner’s text, non-
steroidal anti-inflammatory drugs (NSAIDs). However, when these drugs (NSAIDs) 
are taken for chronic pain, there are many serious side effects. In 2003, the journal 
Spine states (9): 
 
 “Adverse reactions to non-steroidal anti-inflammatory (NSAID) 
 medication have been well documented.” 
 
 “Gastrointestinal toxicity induced by NSAIDs is one of the most 
 common serious adverse drug events in the industrialized  world.” 
 
In 2006, the journal Surgical Neurology states (10): 
 

Blockage of the COX enzyme inhibits the conversion of arachidonic 
 acid to the very pro-inflammatory prostaglandins that mediate the 
 classic inflammatory response of pain. 
 

Almost all patients who take the long-term NSAIDs will have 
 gastric hemorrhage, 50% will have dyspepsia, 8% to 20% will have 
 gastric ulceration, 3% of patients develop serious gastrointestinal 
 side effects, which results in more than 100,000 hospitalizations, an 
 estimated 16,500 deaths, and an annual cost to treat the 
 complications that exceeds 1.5 billion dollars. 
 

“NSAIDs are the most common cause of drug-related morbidity 
 and mortality reported to the FDA and other regulatory agencies 
 around the world.”  
 
 
Other side effects attributed to the consumption of NSAIDs includes end-stage renal 
disease, heart attacks, strokes erectile dysfunction, hearing loss, deep vein 
thrombosis, and increased Alzheimer’s disease risk. 
 
A modern and proven effective non-drug approach to the treatment of pain, 
especially chronic pain, is the supplementation of omega-3 fatty acids, especially 
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 5 
eicosapentaenoic acid (EPA), found in fish oil. EPA is a precursor to the anti-
inflammatory eicosanoid Prostaglandin E3 (PGE3). The only drawback to this 
approach (supplementation with high-dose quality fish oil) is the optimum benefit 
takes months of ingestion (10, 11, 12). 
 
Is there a way to inhibit the COX enzymes for the treatment of both acute and 
chronic pain that is quick, effective, and safe, without side effects? The answer is 
yes, the application on low-level laser therapy. 
 
A search of the National Library of Medicine using PubMed (3/29/2018) with the 
search terms “low-level laser therapy AND pain” locates 1,161 citations. A search of 
the National Library of Medicine using PubMed (3/29/2018) with the search terms 
“low-level laser therapy AND NSAID” locates 66 citations. Laser Therapy reference 
texts emphasize the ability of low-level laser to effectively treat pain without side 
effects. For example, the 2010 book titled The New Laser Therapy Handbook states 
(13): 
 
 “The effect of laser photon therapy [LPT] on inflammation is covered 
 in many chapters of this book. The anti-inflammatory effect of LPT 
 has been widely studied. LPT seems to have a similar effect to 
 steroids and NSAIDs, but without the severe side effects of these very 
 common pharmaceuticals.” 
 
The authors indicate that laser therapy for pain control is enhanced if the laser is 
applied to both the painful region and the nerve roots that innervate the painful 
region. Other studies further emphasize the importance of applying the laser to the 
nerve roots. A particularly interesting study resulted in the successful management 
of 35 patients suffering from carpal tunnel syndrome; the laser therapy was not 
applied to the wrist, but rather to the nerve roots that innervate the wrist (14). 
There are advantages to being capable of doing both regions simultaneously. 
 
An important study documenting the ability of low-level laser therapy to inhibit COX 
enzymes resulting in a significant reduction in inflammatory chemicals was 
published not in a laser journal, but rather in a cancer journal, Support Care Cancer 
(15). After exposing animals to caustic inflammatory chemicals (fluorouracil), they 
were randomly assigned to either a control group (no laser) or to low-level laser 
therapy. At four time-points, tissue samples were immunohistochemistry assessed 
from both groups by a blinded examiner. The authors found that the laser therapy 
group “was accompanied by a significantly lower level of COX-2 staining.” 
 
Interestingly, increasing the laser fluence (increasing the milliwatts by 3X) did not 
further enhance the clinical outcomes. In contrast, such higher laser fluence 
reduced the clinical benefit to the level of the control group (no laser). This 
suggests that laser therapy is not linear, but rather hormetic (bell shaped curve). 
The authors concluded: 
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 6 
 “The tissue response to laser therapy appears to vary by dose. Low-
 intensity laser therapy appears to reduce the severity of mucositis, at 
 least in part, by reducing COX-2 levels and associated inhibition of the 
 inflammatory response.” 
 
Thousands of chiropractors are using low-level laser therapy as an adjunct to 
chiropractic and nutrition in the management of their pain patients. Low-level laser 
therapy is quick, effective, and safe, and has earned FDA clearance in 2002. 
 
Dan Murphy, DC 
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Erchonia's Chronic Low
Back Pain Study Success

FDA Market Clears Erchonia’s FX 635 Laser for
Chronic Low Back Pain

MELBOURNE, FL (PRWEB) JULY 17, 2018

Erchonia Corporation announces another successful clinical trial
that has resulted in the granting of an FDA 510(k) market clearance
for chronic low back pain of musculoskeletal origin. This grants
another Mrst for Erchonia, which started the low-level laser
category in January 2002. That year, the FDA issued its Mrst 510(k)
market clearance for any low-level laser based on Erchonia’s
clinical trial for chronic neck and shoulder pain.

This new indication for chronic low back pain is the only laser to be
market cleared by the FDA. Erchonia’s long history and dedication
to the science of low-level laser therapy has led to 22 FDA 510(k)
market clearances based on their patented laser systems.

About the study: Erchonia through the pre-IDE process worked with
the U.S. FDA on study design and success criteria. The success
criteria were deMned as a minimum of a 30% decrease in chronic
low back pain and 35% of patients in the treated group would
experience the minimum pain reduction compared to the placebo
group. Overall, 72% of patients met the success criteria. Steven
Shanks, President of Erchonia stated, “We believe we have
demonstrated that the use of non-thermal lasers has proven to be
a far better option for treating low back pain than that of opioids or
NSAIDS.”
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Guest Editorial

Is It Time to Consider Photobiomodulation
As a Drug Equivalent?

Tiina Karu, PhD, DrSci

T h e quest ion of wh et h er photobiomodulation should
be used as a drug equivalent arose in my mind after

listening to presentations at the recent conference of the World
Association for Laser Therapy (WALT)-2012 (Gold Cost
City, Australia), and later at home when searching MEDLINE�

for the years 2009–2012. Photobiomodulation (earlier terms: low
level laser therapy, LLLT, laser biostimulation) has been used in
clinical practice for > 40 years by now, and its action mechanisms
on cellular and molecular levels have been studied for > 30
years. Enthusiastic medical specialists successfully used pho-
tobiomodulation in treating healing-resistant wounds and
ulcers (e.g., chronic diabetic ulcers), in pain management, and
in spinal cord and nervous system injuries when other meth-
ods had had limited success.1 However, photobiomodulation
is still not a part of mainstream medicine. The goal of the
present Editorial is to highlight some important recent devel-
opments in clinical applications and in studies of cellular and
molecular mechanisms behind the clinical findings.

One of the impressive and perspective challenges for
photobiomodulation is its use in cases of Parkinson’s disease.
Research in recent years evidenced that neuroprotective
treatment with red and near infrared radiation (NIR) pre-
vented mitochondrial dysfunction and dopamine loss in
Parkinson’s disease patients.2 In another set of experiments,
NIR normalized mitochondrial movement and axon trans-
port, as well as stimulating respiration in cytoplasmic hybrid
(‘‘cybrid’’) neurons.3,4 It is important to recall that reduced
axonal transport contributes substantially to the degenera-
tion of neuronal processes in Parkinson’s disease.

Another development in recent years is the successful
stimulation of stem cells with red and NIR radiation. One
example is the treatment of myocardial infarction. The heart
has been considered a post-mitotic organ lacking the capac-
ity for self-renewal after injury. Surprisingly enough, human
cardiac stem cells, in combination with bone marrow mes-
enchymal stem cells, were found to reduce infarct size and
restore cardiac functions after myocardial infarction.5 This
positive effect can even be increased by irradiation of stem
cells. Mesenchymal stem cells were derived from bone
marrow and adipose tissue, and stimulated by irradiation at
k= 810 nm. Implantation of irradiated cells into the infarcted
rat heart resulted in an * 50% decrease in cardiac infarct
size.6 An increase in proliferation rates and membrane po-
tential was established after 532 nm irradiation of adipose

tissue-derived stem cells.7 A recent review 8 summarized data
about enhancement of the proliferation of various cultured
cell lines, includ ing stem cells, as w ell as cell lines used for
the production of viral vaccines and hybrid cell lines. The
review 8 underlined that photobiomodulation improves the
proliferation of cells w ithout causing any cytotoxic effects.
One has to emphasize that laser therapy shares none of the
risks associated w ith stem cell therapy, requires no anes-
thesia, and is painless.9 The optimal light parameters in this
review 8 w ere found to be as follow s: doses w ere 0.5–4.0 J/
cm 2 and w avelengths ranged from 600 to 700 nm. It is
important to recall that, in this particu lar w avelength
range, tw o peaks in absorp tion and action spectra con-
nected w ith activation of cytochrome c oxidase (the pri-
mary photoacceptor for photobiomodulation effects) are
situated .10 The peak at 620 nm belongs to reduced CuA, and
that at 680 nm, to oxid ized Cu B atoms in cytochrome c
oxidase molecule.11

The treatment of vitiligo (a depigmentary disorder) re-
mains a challenge for clinical dermatologists. He-Ne laser
irradiation was found to stimulate melanocyte prolifera-
tion.12 The expression of phosphorylated cyclic-adenosine
monophosphate (AMP) response element-binding protein,
an important regulator of melanocyte growth, was upregu-
lated by He-Ne laser treatment. He-Ne laser irradiation im-
parted a growth stimulatory effect on functional melanocytes
via mitochondria-related pathways.12

Irradiation with red light caused gene and noncoding
RNA regulation for photoacceptor protection in the retina.
This finding may open a new challenge for photo-
biomodulation.13

One of the major dose-limiting effects of chemotherapy
drugs is oral mucositis of treated patients. Oral mucositis can
affect up to 100% of patients undergoing high-dose chemo-
therapy and hematopoietic stem cell transplantation. Photo-
biomodulation can improve tissue repair and immune
response in these patients.14

Photobiomodulation has been shown to improve func-
tional outcome after surgical intervention to repair injured
nerves. LED irradiation at 810 nm accelerated functional re-
covery and improved the quality of nerve regeneration after
autograft repair of severely injured peripheral nerves.15

Forehead treatments with NIR reversed major depression
and anxiety.16 Transcranial NIR laser therapy was investigated
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as a new neuroprotective treatment for acute ischemic stroke.17

The authors of these studies believe that the irradiation pro-
moted functional and behavioral recovery via cellular mito-
chondrial mechanisms, as well as by enhancing cerebral blood
flow.

Photobiomodulation altered cardiac cytokine expression
following acute myocardial infarction,18 as well as protected
cardiomyocytes from hypoxia and reoxygenation injury via
nitric oxide-dependent mitochondrial mechanisms.19

The analgetic effects of photobiomodulation have been
studied for years, and are documented rather well.20 Light
treatment (k= 635 nm) of open skin wounds of corticosteroid-
treated diabetic rats was useless, as compared with nonste-
roid laser treatment, in which case a significant acceleration
of epitalization and collagen synthesis was observed.21 This
finding could probably explain why in some clinical cases
the laser treatment of wounds has a low efficiency. At the
same time, irradiation at 660 nm was effective for collagen
production in diabetic wounded fibroblasts.22

I will conclude by discussing ‘‘mitochondrial mechanisms
of photobiomodulation,’’23 the term used widely in recent
years for molecular and cellular mechanisms of light action.
The rather old suggestion10,11 that the photoacceptor for
photobiomodulation effects is cytochrome c oxidase has been
confirmed by now.24 The new data25 support the old con-
clusion that photobiomodulation is more pronounced in ill
or otherwise stressed cells, as compared with healthy cells
with plenty of oxygen available.26 The terminal enzyme of
the mitochondrial respiratory chain and its electronic exci-
tation by light with proper parameters causes retrograde
light-sensitive cellular signaling events to transport the light
signal from mitochondria to the nucleus to cause gene ex-
pression.27 The gene expression events caused by irradiation
are confirmed, and have been studied in more detail in recent
years.28,29
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The New Laser Therapy Handbook 
 

Jan Tuner and Lars Hode 
 

Prima Books, 2010 
 

“The effect of laser photon 
therapy [LPT] on inflammation 
is covered in many chapters of 
this book. The anti-
inflammatory effect of LPT has 
been widely studied. LPT seems 
to have a similar effect to 
steroids and NSAIDs, but 
without the severe side effects 
of these very common 
pharmaceuticals.” p. 248 
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GOAL OF WORK:

MATERIALS AND METHODS:

MAIN RESULTS:

CONCLUSION:

Support Care Cancer. 2009 Nov;17(11):1409-15. doi: 10.1007/s00520-009-0603-9. Epub 2009 Feb 22.

Cyclooxygenase-2 and vascular endothelial growth factor expression in
5-fluorouracil-induced oral mucositis in hamsters: evaluation of two
low-intensity laser protocols.
Lopes NN, Plapler H, Chavantes MC, Lalla RV, Yoshimura EM, Alves MT.
Department of Experimental Surgery, Federal University of São Paulo, São Paulo, Brazil, CEP 04023-062.
nnflopes@terra.com.br

Abstract
The aim of this study was to investigate the mechanisms whereby

low-intensity laser therapy may affect the severity of oral mucositis.

A hamster cheek pouch model of oral mucositis was used with all
animals receiving intraperitoneal 5-fluorouracil followed by surface irritation. Animals were
randomly allocated into three groups and treated with a 35 mW laser, 100 mW laser, or no laser.
Clinical severity of mucositis was assessed at four time-points by a blinded examiner. Buccal
pouch tissue was harvested from a subgroup of animals in each group at four time-points. This
tissue was used for immunohistochemistry for cyclooxygenase-2 (COX-2), vascular endothelial
growth factor (VEGF), and factor VIII (marker of microvessel density) and the resulting staining
was quantified.

Peak severity of mucositis was reduced in the 35 mW laser group as compared
to the 100 mW laser and control groups. This reduced peak clinical severity of mucositis in the 35
mW laser group was accompanied by a significantly lower level of COX-2 staining. The 100 mW
laser did not have an effect on the severity of clinical mucositis, but was associated with a
decrease in VEGF levels at the later time-points, as compared to the other groups. There was no
clear relationship of VEGF levels or microvessel density to clinical mucositis severity.

The tissue response to laser therapy appears to vary by dose. Low-intensity
laser therapy appears to reduce the severity of mucositis, at least in part, by reducing COX-2
levels and associated inhibition of the inflammatory response.

PMID: 19234862 [PubMed - indexed for MEDLINE]
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12/28/13 5:20 PMSuccessful management of female of... [Int J Clin Pharmacol Ther. 1995] - PubMed - NCBI

Page 1 of 2http://www.ncbi.nlm.nih.gov/pubmed/7620690

PubMed Commons home

Int J Clin Pharmacol Ther. 1995 Apr;33(4):208-11.

Successful management of female office workers with "repetitive stress injury"
or "carpal tunnel syndrome" by a new treatment modality--application of low
level laser.
Wong E, Lee G, Zucherman J, Mason DT.

Abstract
Female office workers with desk jobs who are incapacitated by pain and tingling in the hands and
fingers are often diagnosed by physicians as "repetitive stress injury" (RSI) or "carpal tunnel
syndrome" (CTS). These patients usually have poor posture with their head and neck stooped
forward and shoulders rounded; upon palpation, they have pain and tenderness at the spinous
processes C5-T1 and the medial angle of the scapula. In 35 such patients we focused the treatment
primarily at the posterior neck area and not the wrists and hands. A low level laser (100 mW) was
used and directed at the tips of the spinous processes C5-T1. The laser rapidly alleviated the pain
and tingling in the arms, hands and fingers, and diminished tenderness at the involved spinous
processes. Thereby, it has become apparent that many patients labelled as having RSI or CTS have
predominantly cervical radicular dysfunction resulting in pain to the upper extremities which can be
managed by low level laser. Successful long-term management involves treating the soft tissue
lesions in the neck combined with correcting the abnormal head, neck and shoulder posture by
taping, cervical collars, and clavicle harnesses as well as improved work ergonomics.

PMID: 7620690 [PubMed - indexed for MEDLINE]
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Sent: Tuesday, January 31, 2017 2:34 PM 
To: Penny Sneed 
Subject: Results after laser 
 
I wanted to let you know what happened after my laser 
treatment at the seminar. So let me give you a little before 
information, I've been on pain medication for over 5 years now 
for back pain. I currently have instability at L4-L5 and all the 
doctors I've consulted with are recommending fusing them 
together. I usually do not sleep through the night without 
waking up several times because of pain.  My normal day starts 
with methadone so I can move and I can't bring myself to even 
get out of bed most days until 10:00 or 11:00 because I was 
awake so much during the night.  I have not worked in over a 
year because of this condition and ever day is a struggle.  I do 
exercise throughout the week and I also am involved in physical 
therapy but it always flares up the condition. 
 
Penny gave me a 5 minute brain application on the FX on 
Sunday.  I have not had pain in two nights now but the first 
night I did not wake up one time.  The next morning I was up at 
7:30 and I did the elliptical for 30 minutes and other weight 
bearing exercises.  I thought I would definitely be in pain later 
for all I did but it never happened.  I went to work the entire 
day and slept great for the 2nd day in a row. My laser treatment 
was Sunday and here I am at the same time on Tuesday and 
feeling great and with no back pain. I am very surprised I must 
admit! I did not need any medication for pain but took a small 
dose to wean myself off the medication slowly. I'm going to 
laser my brain every day! 
 
Thank you for sharing the benefits! 
 
Diane 
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Low Back Pain 

 
Protocol 



1
The Tissue Origin of Low Back Pain and Sciatica:

A Report of Pain Response to Tissue Stimulation During Operations on the
Lumbar Spine Using Local Anesthesia

Orthopedic Clinics of North America, Vol. 22, No. 2, April 1991, pp.181-7

Stephen Kuslich, Cynthia Ulstrom, and Cami Michael
THESE AUTHORS NOTE:

These authors performed 700 lumbar spine operations using only local anesthesia
to determine the tissue origin of low back and leg pain.  This paper is based primarily on
193 consecutive patients studied prospectively.

“Sciatica could only be produced by stimulation of a swollen, stretched, or
compressed nerve root.”

“Back pain could be produced by several lumbar tissues, but by far, the most
common tissue or origin was the outer layer of the annulus fibrosis.”

“The facet joint capsule very rarely generated low back pain.”

These authors note that the opinion of British Neurologist Wyke (1980), “the disc
is not an important source of low back pain because nerve endings are not present,” is
mistaken, wrong.

These authors disagree that weak or strained muscles are a common source of low
back pain because:
1) Many patients with back pain have strong muscles.
2) Back pain lasts much longer than pain caused by strained or overused muscles in
other regions.

These authors found “no published accounts of muscle tears and hematomas in
patients operated on for low back pain.”

These authors reference six other studies that conclude that “the annulus fibrosus
is the most common site of low back pain,” and that the compressed nerve root alone
causes sciatica, and that normal nerve roots cause no pain at all.

In this study, these authors consecutively anesthetized successive tissues of the
low back.  Prior to anesthesia, each tissue was mechanically stimulated with mechanical
force from blunt surgical instruments or by an electrical current.

“The patients were fully awake or only lightly sedated.  During the course of the
operation we stimulated each tissue and asked the patient to report any painful
sensation.”

The assessed tissues were skin, fat, fascia, supraspinous ligament, interspinous
ligament, spinous process, muscle, lamina, facet capsule, facet synovium, nerve root,
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 1 
Spine Pain 

 
European Journal of Radiology 

May 2015; Vol. 84; pp. 746–756 
 
R. Izzo, T. Popolizio, P .D’Aprile, M. Muto  
 
KEY POINTS FROM THIS ARTICLE: 
 
1) “Spinal pain, and especially low back pain (LBP), represent the second leading 
cause for a medical consultation in a primary care setting and is a leading cause of 
disability worldwide.” 
 
2) Low back pain (LBP) is the 2nd leading cause of disability worldwide. About 
1% of the world population is disabled with low back pain. 
 
3) The resolution of chronic LBP can occur in less than 5–10% of cases. 
 
4) Acute nonspecific back pain is NOT a benign, transient and self-limiting 
condition. Its rate of one-year recurrence is 20–44%, and a lifetime recurrence of 
up to 72%.  
 
5) The most frequent cause of LBP is “internal disc disruption (IDD) and is 
referred to as discogenic pain.” [Key Point] “Internal disc disruption refers to 
annular fissures, disc collapse and mechanical failure, with no significant 
modification of external disc shape, with or without endplates changes.” 
 
6) Discogenic pain is “considered as the most frequent cause of chronic low back 
pain.” Discogenic pain secondary to internal disc disruption is the main cause of 
chronic LBP and disability. 
 
7) Both discogenic and radicular pain have either a mechanical and/or 
inflammatory genesis. 
 
8) Advanced spinal imaging is “not sufficient for a definitive diagnosis because 
similar findings could be present in either asymptomatic and symptomatic 
subjects.” 
 
9) The posterior disc annulus and cartilaginous end plates are innervated by the 
sinuvertebral nerves. The sinuvertebral nerve is formed by the union of the grey 
ramus communicans [post ganglionic sympathetic efferents] and a small branch 
from the anterior primary ramus of the spinal nerve. [Sympathetic Innervation] 
 
10) “Sympathetic trunks and ganglia directly innervate the anterior longitudinal 
ligament (ALL), the anterior periostium and vertebral body, the paravertebral 
muscles and fascia as well as the anterolateral disc.” [Sympathetic Innervation] 
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 5 
• Inflammatory prostaglandins activate the peripheral nociceptors. 
 

Wind-Up Pain 
 

Persistent Nociceptor Activation 
 
 

Dorsal Horn Release 
Substance-P 
Glutamate 

 
 

N-methyl-d-aspartate (NMDA) Receptor Activation 
 
 

Influx of Ca++ Ions 
 
 

Production of New     Nitric Oxide  
NMDA Receptors    Production 

 
 

 
   Promotes           Stimulates 
     Arachidonic Acid          Dorsal Horn Release   
      Breakdown Into        Substance-P 
       Inflammatory          Glutamate  
      Prostaglandins 
 
18) Chronic LBP patients have 
• Impaired motion 
• Spinal repositioning errors 
• Postural imbalance 
• Early muscle fatigue 
• The absence of muscle relaxation at full lumbar flexion 
 
19) Patients with psychological distress can develop an abnormal spinal motion 
control that can elicit progressive chronic pain in absence of spinal injury. 
 
20) Stability is required for correct function of the spine. “Degenerative instability 
is a common cause of axial and radicular pain and disability.” Degenerative 
instability is often misdiagnosed, and is a frequent indication for surgery. 
 
21) “Mechanical receptors located within discs, ligaments and joint capsules 
convey to CNS proprioceptive inputs on the spatial position, the loading status and 
the movement of each motion segment.” Damage to any spinal structures and 
receptors generate altered inputs for the CNS that promote an inappropriate muscle 
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    Normal Disc With Peripheral Innervation 
 
 

                            
    Degenerated Disc With Neoneuralization 
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 1 
Effects of Helium-Neon Laser on Levels of Stress Protein and 

Arthritic Histopathology in Experimental Osteoarthritis. 
 

Research Article:  Osteoarthritis 
 

American Journal of Physical Medicine & Rehabilitation. 
83(10):758-765, October 2004. 

 
Lin, Yueh-Shuang MS; Huang, Mao-Hsiung MD, PhD; Chai, Chee-Yin MD, PhD; 
Yang, Rei-Cheng MD, PhD  
 
Objective: To investigate the effect of low-power laser therapy on levels 
of stress proteins (SPs) in experimental arthritis and their relation to 
the bioeffects on arthritic cartilage repair. 
 
Design: A total of 42 rats with similar degrees of induced arthritis 
evaluated by means of bone scan were divided randomly into two 
groups.  
 
In the treated group, 21 rats received helium-neon laser treatment; in 
the control group, 21 rats received sham laser treatment.  
 
The changes in chondrocytes of SPs were measured by electrophoresis 
of proteins extracted from chondrocytes of arthritic cartilage at various 
time periods.  
 
Results: SP density increased markedly in rats after laser treatment and 
was closely related to the repair of arthritic cartilage.  
 
Furthermore, the pathohistology of arthritic cartilage improved 
significantly with the decline of SP levels in the follow-up period. 
 
Conclusion: Helium-neon (632 nm) low-power laser can enhance SP 
production in arthritic chondrocytes.  
 
The extragenic production of SP is well correlated with the therapeutic 
effect of low-power laser in preserving chondrocytes and the repair of 
arthritic cartilage in rats. 
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 2 
THESE AUTHORS ALSO NOTE: 
 
“Low-level laser therapy (LLLT) is a light source that generates 
extremely pure light of a single wavelength.” 
 
“The unique physical properties of laser energy are monochromatism, 
coherence, and high intensity.” 
 
“The biological effect of low-powered laser is not thermal but related 
rather to photochemical cellular reactions.” 
 
632 nm soft laser was applied over the arthritic knee for 15 minutes, 
three times per week, for 8 weeks. 
 
“The effects of laser radiation are initiated at cellular and subcellular 
levels. 
 
Laser is “thought to cause electronic excitation of the photoacceptor 
molecules, which are thought to be various cytochrome enzymes that 
are terminal electron carriers in the respiratory chain.” 
 
This is thought to accelerate electron transfer.  “Electron transport in 
the mitochondrial membrane is one of the main fueling mechanisms 
underpinning metabolism and proliferation of cells, including generation 
of adenosine triphosphate (ATP).” 
 
“An LLLT-mediated increase in efficiency of the electron carriers in the 
respiratory chain would increase generation of adenosine triphosphate, 
which could manifest itself as increased DNA and protein synthesis 
(e.g., SP induction) and result in cell proliferation, as shown in present 
study.” 
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Chronic Low Back Pain Protocol

Balance omega-6/omega-3 fatty acids
(1.5 – 4 / 1)

Vitamin D into the optimal zone
(50 – 70 ng/ml)

Head on the vertical axis line

Level the pelvis (feet, legs, etc.)

Pettibon #2 adjustment

Pulley exercise

Low Level Laser Therapy
(9 – 16 - 5,000 - 10,000)

Manage lumbar kyphosis (PostureCurve, etc.)

Resveratrol (100 mg) + Curcumin (200 mg)

Avoid glutamate (MSG) and aspartame
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Treat the most common cause of  
 “Chronic Low Back Pain”   

 
Introducing The Daily Home  

   “Lumbar Disc Decompression Exerciser” 
      Designed for and  

 
 

           
Designed for and  

          Recommended by: 
          
     Daniel Murphy, D.C 

 

 
   

Drastically effective in the daily application of “Passive Lumbar Posterior 
Disc Decompression”.  This decompression helps to increase disc 
hydration and break-up restrictive and hypersensitive fibrotic tissue 
infiltration within the disc as well as the lower lumbar facet joint capsules 
and musculo-ligamentous structures.  This may aid the body in healing 
posterior disc fissures and associated mild bulges.  Also helps with lower 
abdominal core muscle strengthening and the treatment and rehabilitation 
of Lower Lumbar Facet Syndrome. 
 
 
 
Cost:  only $17.95 per unit.    To Order Call: 
12 or more units ordered, get one free. 1-800-247-6535 

Calif. DCs 714-847-8334 
www.circulartraction.com 

 



 
Acute Neck 
(whiplash) 

 
3-25-42-125 

(from Jeff Spencer) 
 

suprasternal notch with motion 
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Whiplash Overview Summary 
 
 When considering whiplash injuries, three questions are 
important: 
 
• What are the primary tissues that are injured during 
 a rear-end collison whiplash trauma? 
 
 •• Facet Capsule 
 
 ••  Intervertebral Disc 
 
• What is the tissue source of chronic whiplash injury 
 pain? 
 
 •• Facet Capsule 
 
 ••  Intervertebral Disc 
 
• What tissues are primarily affected by chiropractic 
 spinal adjustmin? 
 
 •• Facet Capsule 
 
 ••  Intervertebral Disc 
 
 
Are there studies on chronic whiplash pain patients who 
failed to respond to traditional medical/physical therapy 
managment who responded excellently to chiropratic 
spinal adjusting? 
 
• Woodward, 1996 
 
• Khan, 1999 





Niels Bohr (1885-1962, Nobel Prize 1922), a Danish 
Physicists, showed that electrons in atoms orbit around 
the nucleus at different energy levels (shells). 
 
The energy level an electron normally occupies is called 
its ground state. An electron can move to a higher-
energy, less stable level (shell) by absorbing energy. 
This higher-energy, less stable state is called the 
electron’s excited state. 
 
When an excited electron returns to its original ground 
state, energy is released, and this energy becomes the 
electromagnetic spectrum. 
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Electromagnetism 101 

The Two Formulas 

ONE 

(Wave Length [WL]) X (Frequency [F]) = 186,000 miles/sec [speed of light] 

OR 

(Frequency [F]) = 186,000 miles/sec [speed of light] 
 (Wave Length [WL]) 

STUPID EXAMPLE#1 

Frequency = 186,000 miles/sec = 1,000 
   186 

STUPID EXAMPLE#2 

Frequency = 186,000 miles/sec = 186 
   1,000 

TWO 

Photonic Energy (E) = (Planck’s Constant) X (The Speed of Light [186,000 miles/s]) 
  Wavelength 

OR 

Photonic Energy (E) = (Planck’s Constant) X (Frequency [F]) 

•••••••••••••••••••• 

Photon energy is the energy carried by a single photon. 

The amount of energy is directly proportional to the photon's electromagnetic 
frequency and inversely proportional to the wavelength.  

The higher the photon's frequency, the higher its energy.  

The longer the photon's wavelength, the lower its energy. 

Photon energy is solely a function of the photon's wavelength. 
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Other factors, such as the intensity of the radiation, do not affect photon energy. In 
other words, two photons of light with the same color and therefore, same 
frequency, will have the same photon energy, even if one was emitted from a wax 
candle and the other from the Sun. 

The equation for photon energy is: 

E = (Planck’s Constant) X (The Speed of Light) 
Wavelength 

OR 

E = (Planck’s Constant) X (The Frequency) 

This equation is known as the Planck-Einstein relation. 

Since both Planck’s Constant and the Speed of Light are constants, photon energy 
changes with direct relation to wavelength. 

The Electromagnetic Spectrum 
(all numbers are rounded and ball-parked) 

gamma x-
ray 

ultraviolet visible infrared microwave radio 

Wavelength 0.1 nm 1 
nm 
to 
10 
nm 

10 nm 
to 

400 nm 

400 nm 
to 

700 nm 

700 nm 
to 

1/ inch 

1/8 inch 
to 

1 foot 

1 foot 
to 

100,000 
miles 

Frequency 10 
exaHertz 

10+ 
Quintillion 

Hertz 

1,000 
Trillion 

per sec = 
Quadrillion 

per sec 

Trillions 
per sec 

Terahertz 
= THz 

Billions 
per sec 

Gigahertz 
= GHz 

Millions 
per sec 

Megahertz 
= MHz 

Thousands 
per sec 

Kilohertz 
= KHz 

Uses None 

Ionizing 

Biologically 
Damaging 

x-
rays 

CT 

 
 

 
 

Colors 

Laser 
Therapy 

Heat 
Lamps 

TV 
Remotes 

Some 
Cooking 

Cooking 

Cell Phones 

Radar 

WiFi 

Radar 

Direct TV 

FM Radio 

TV 

AM Radio 
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My favorite book on electromagnetism is: 
 

Zapped 
From Infrared to X-rays, the Curious History of Invisible Light 

Bob Berman 
2017 

 
Visible and invisible light is composed of electromagnetic photons that travel at the 
speed of light: 186,282 miles per second. 
 
Visible and invisible light also has a wavelength, distance from crest to crest. 
 
Visible light wavelengths are measured in nanometers (nm, billionth of a meter). 
 
Wavelengths between 400-700 nm are visible, and different wavelengths 
correspond to different colors (405 = violet, 535 = green, 635 = red). 
 
Wavelengths less than 400 nm are invisible and have so much energy they cause 
ionization damage (like ultraviolet and x-rays). 
 
Wavelengths longer than 700 nm are also invisible and are called infrared, 
microwaves and radio waves. 
 
Longer infrared wavelengths cause motion of atoms and molecules and thus 
generate heat. 
 
Visible and invisible light also have a frequency, the period of time it takes the wave 
to pass you and to be replaced by the next wave. Frequency is the “number of 
wavelengths that pass you every second.” 
 
 (Wavelength) X (Frequency) = 186,282 miles/second 
 This is a key concept, therefore: 
 
 • A wavelength of 186,000 miles will pass by only once in a second 
 
 • A wavelength of 186 miles will pass by 1,000 times in a second,   
  meaning the frequency will be 1,000 times faster 
 
 • Therefore, the shorter the wavelength, the greater the frequency 
 
The unit designating a wave’s frequency is the hertz, in honor of Heinrich Hertz. 
 
“A wave that pulses 700 times per second is said to vibrate at 700 hertz.” 
 
“If it pulses 700,000 times per second, we use the prefix kilo (meaning ‘one 
thousand’) and say it has a frequency of 700 kilohertz, or 700 kHz.” 
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• 650 on the AM radio dial means that 650,000 of its waves “zoom through you 
 and your radio each second.” This is 650 kHz. 
 
• FM radio frequencies are expressed in megahertz, or millions of pulses per 
 second. 90 on the FM dial means that 90 million waves pass by per second. 
 This is 90 mHz. 
 
Infrared radiation is not heat. Rather, infrared radiation creates heat. Heat is 
caused by the “motion of atoms and molecules.” Infrared waves push atoms a little, 
causing the atoms to vibrate, and this causes heat. 
 
“If waves are too short and too frequent, they’ll scarcely budge atoms, which is why 
green and especially blue and violet light don’t heat things very much. Red does 
better. And when it comes to maximum efficiency [of heat production], those 
unseen infrared waves are optimal for making whole atoms jiggle.” 
 
Hertz (frequency) = number of waves that go through you per second, up to 999. 
 
Kilohertz = thousands of Hertz per second 
• AM radio station waves 
 
Megahertz = millions of Hertz per second = MHz 
• FM radio station waves 
• Cooking 
• Cell Phones 
• Radar  
• WiFi 
• Radar  
• Direct TV 
 
Gigahertz = billions of Hertz per second = GHz 
• Anti-collision vehicle radars 
 
Terahertz = trillions of Hertz per second = THz 
• Visible light and colors 
• Therapeutic lasers 
• A 635 nm red color has about 450 trillion Hertz per second = 450 Thz 
  
The sun does not emit microwaves. 
We are now exposed to microwaves 24/7, an experience that no humans evolved 
with. These invisible waves are constantly zapping our bodies. 
 
Microwaves heat up anything with moisture in it (water), like food and people.  
Microwaves penetrate into the interior of food and people. 
Cellular phones use radiation in the microwave spectrum. 
 
Microwaves are generated by both cellular towers and from satellites in space. 
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Shorter Wavelengths: Longer Wavelengths: 
Have More Energy Have Less Energy 

Have Higher Frequencies (Hertz) Have Lower Frequencies (Hertz) 
Do Not Penetrate as Deep Penetrate Deeper 

Do Not Generate Heat Increase Molecular Motion 
and thus Generate Heat 
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Zapped 

From Infrared to X-rays, the Curious History of Invisible Light 
 

Bob Berman 
2017 

 
There is a “whole world of light outside our range of vision.” 
 
“Photons constitute 99.9999999 percent of everything.” 
 
“Light is made up of intertwined magnetic and electrical fields.” Yet, “neither 
magnetism nor electricity is visible to our eyes.” 
 
In 1865, Scottish physicist and mathematician James Clerk Maxwell showed that all 
light consists of a dual wave: a magnetic pulse accompanied by an electric pulse 
positioned at a ninety-degree angle to it. Therefore, light is an electromagnetic 
phenomenon. Light is a “manifestation of magnetism and electricity.” Light is the 
unification of magnetic and electric fields. 
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 2 
“Oscillating electrical and magnetic fields travel through space as waves and move 
at the speed of light.” 
 
It is the movement of electrons that is the sole creator of all light. 
 
When any form of energy strikes an atom, the energy excites the atom’s electrons, 
which jump further from the atom’s nucleus; in a fraction of a second the electron 
falls back to the closer orbit, and a photon is formed and speeds away at the speed 
of light. This is light. [186,282 miles per second, through empty space; the speed 
slows down through glass, water and clothes] 
 
All light has a wavelength, distance from crest to crest. 
“Wavelength is the distance from one peak of a wave’s electrical field to the next 
peak.” 
Short wavelengths have “more power, or energy” than long ones. 
 
The light we can see is too weak to break atoms apart in the body, “but fast-
vibrating light such as ultraviolet can indeed strip an atom of one or more of its 
electrons, which alters molecules and can lead to consequences such a 
carcinogenesis.” 
 
All light has a frequency, the period of time it takes the wave to pass you and to be 
replaced by the next wave. Frequency is the “number of wavelengths that pass you 
every second.” 
 
Wavelength and frequency are “intimately related and inversely proportional.” 
 
Read this “one more time so that it is absolutely clear, and you will have grasped 
the most important properties of all light, visible and invisible:” 
 
 (Wavelength [in miles]) X (Frequency) = 186,282 
 
 Therefore: 
 
 • a wavelength of 186,000 miles will pass by only once in a second 
 
 • a wavelength of 186 miles will pass by 1,000 times in a second,   
  meaning the frequency will be 1,000 times faster 
 
 “Bottom line: the shorter the wavelength, the faster the waves must pulse. 
 Moreover, the shorter the wave and the faster its frequency, the more energy 
 it has.” 
 
The unit designating a wave’s frequency is the hertz, in honor of Heinrich Hertz. 
 
“A wave that pulses 700 times per second is said to vibrate at 700 hertz.” 
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 3 
“If it pulses 700,000 times per second, we use the prefix kilo (meaning ‘one 
thousand’) and say it has a frequency of 700 kilohertz, or 700 kHz.” 
 
• 650 on the AM radio dial means that 650,000 of its waves “zoom through you 
 and your radio each second.” 
 
• FM radio frequencies are expressed in megahertz, or millions of pulses per 
 second. 90 on the FM dial means that 90 million waves pass by per second. 
 
 
A wave that pulses: 
 

Color Wavelength Frequency 
Ultraviolet 
(invisible) 

> 400 nm 1,000 trillion per second 
(1 quadrillion) 

Green 530 nm 
530 billionth of a meter 

530 THz (terahertz) 
530 trillion per second 

Red [630 nm] 450 trillion per second 
Infrared 

(invisible) 
 1 trillion per second 

 
 
William Herschel was one of the “greatest minds in human history.” He was born in 
1738.  
 
In 1800 Herschel knew that when light struck a surface, some of the light’s energy 
was absorbed and the surface warmed. 
 
Dark surfaces would absorb more energy than light surfaces since they became hot 
faster. 
 
Also, green light directed to a thermometer for 8 minutes would raise the 
temperature by 3.2° F, while red would raise the temperature by 6.9° F. Herschel 
found that exposing a thermometer to the invisible rays just beyond the red visible 
spectrum were the most efficient at generating heat; he initially called these 
invisible rays calorific rays (calor is Latin for heat). Today these heat producing 
invisible rays are called infrared radiation. 
 
“Infrared radiation is not heat. Rather, infrared radiation creates heat.” 
 
Heat is caused by the “motion of atoms and molecules.” Infrared waves push atoms 
a little, causing the atoms to vibrate, and this causes heat. 
 
“If waves are too short and too frequent, they’ll scarcely budge atoms, which is why 
green and especially blue and violet light don’t heat things very much. Red does 
better. And when it comes to maximum efficiency [of heat production], those 
unseen infrared waves are optimal for making whole atoms jiggle.”  
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 4 
Feeling the warmth of the sun is actually only feeling the increased vibrations of 
your skin’s atoms, caused by accelerated atomic motion caused by the sun’s 
infrared radiation. 
 
Infrared radiation travels at the speed of light. Heat travels much more slowly. 
 
The long wavelengths of visible light “cannot possibly injure genes and cause 
cancer.” 
 
“The intensity of light or any other electromagnetic radiation is inversely 
proportional to the square of its distance from the source.” 
 
Brain Waves pulse at the following frequencies: 
 
• delta waves (<4 Hz) 
 occur during sleep 
 
• theta waves (4-7 Hz) 
 generated during deep relaxation, meditation, and sleep 
 
• alpha waves (8-13 Hz) 
 these are generated during relaxation 
 
• beta waves (13-38 Hz) 
 these are generated when the brain is active, problem solving, conversation, 
 etc. 
 
• gamma waves (39-100 Hz) 
 these are also emitted when the brain is active 
 
 
“Laser scalpels employ 30,000 to 100,000 mW of energy, meaning 30 to 100 watts, 
to effortlessly cut through flesh.” 
 
“Laser light is so concentrated that it can produce eye damage in a fraction of a 
second.” 
 
A 20 mW, 50 mW, or 100 mW laser pointed at a “dark-color balloon, and it will pop 
almost instantly.” [author is implying with blue or green wavelengths] 
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 5 
SUMMARY FROM DAN MURPHY 

 
• All light, including laser light, is comprised of both an electric field 
and a magnetic field. 
 
• All light, including laser light, has a wavelength and a frequency. 
 
• Shorter wavelengths have more energy: 
 
 •• wavelengths below 400 nm are damaging 
 
 •• wavelengths between 400-700 nm (visible light) are not   
  damaging 
 
 •• the longer the wavelength the more heat it generates 
 
 •• wavelengths greater than 700 nm generate the most heat 
 
• Wavelength X Frequency = 186,282  ALWAYS, Therefore: 
 
 •• shorter wavelengths have greater pulse frequencies 
 
• The intensity of light electromagnetic radiation falls off significantly 
with increasing distance from the source of the light. 
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Hormesis 

Low-Level Laser Therapy Fluence and Physiological Responses 
 
 

INTRODUCTION 
 
 A rhetorical question with an apparent immediate and obvious response: 
 

Is the eating of fruits and vegetables good for you? 
 
 Unexpectedly, the best answer apparently is: 
 

“Yes, to a point.” 
 
 
 Dr. Mark P. Mattson has a PhD in Biology. He is Chief of the Laboratory of 
Neurosciences at the National Institute on Aging, and Professor of Neuroscience at 
Johns Hopkins University. He is Editor-in-Chief of Ageing Research Reviews and 
NeuroMolecular Medicine, a Section Editor for Neurobiology of Aging, and an 
Associate Editor for Trends in Neurosciences. 
 
 The July 2015 issue of the journal Scientific American has an article by Dr. 
Mattson, titled (1): 
 
Toxic Chemicals in Fruits and Vegetables Are What Give Them Their Health 

Benefits 
 
 In this article, Dr. Mattson explains why the consumption of fruits and 
vegetables are at first good, but then become bad. He notes that consumption of 
fruits and vegetables “provide health benefits when consumed in modest amounts 
but become incresingly noxious at high levesl, a process called hormesis.” 
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 In 2008, Dr. Mattson published an article in the journal Ageing Research 
Review, titled (2): 
 

Hormesis Defined 
 
 In this article, Dr. Mattson states: 
 
 “Hormesis is a term used by toxicologists to refer to a biphasic dose 
 response to an environmental agent characterized by a low dose 
 stimulation or beneficial effect and a high dose inhibitory or toxic 
 effect.” 
 
 “Thus, a short working definition of hormesis is: a process in which 
 exposure to a low dose of a chemical agent or environmental factor 
 that is damaging at higher doses induces an adaptive beneficial effect 
 on the cell or organism.” 
 
 Dr. Mattson continues to explain why hormesis is a fundamental concept in 
evolutionary biology. He notes, “thousands of published articles include data 
showing biphasic responses of cells or organisms to chemicals or changing 
environmental conditions.” He emphasizes that hormesis is also implicated in the 
actions of a number of complementary and alternative health care disciplines. 
 

••••• 
 

 A leader in the concept of hormesis is Edward J. Calabrese, PhD. Dr. 
Calabrese is Professor of Toxicology at the University of Massachusetts’ School of 
Public Health. A PubMed search of the National Library of Medicine (12/01/15) using 
the key words “calabrese ej AND hormesis” locates 111 citations. A representative 
article by Dr. Calabrese from 2004 was published in the journal European Molecular 
Biology Organization, and is titled (3): 
 

Hormesis: A Revolution in Toxicology, Risk Assessment and Medicine 
 
 In this article, Dr. Calabrese contrasts linear biological exposures v. hormetic 
biological exposures. He concludes that the hormetic model “is real and 
generalizable, as well as toxicologically and biologically significant.” He presents 
evidence to support the hormetic model “clearly outperforms” the outdated linear 
model, stating: 
 
 “Substantial evidence now exists to support the scientific advantage 
 of the hormetic model over its competitors.” 
 
 Dr. Calabrese concludes that the concept of hormesis has very important 
implications for the field of clinical medicine. 
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 Hormesis is a phenomenon of dose-response relationships in which something 
that produces harmful biological effects at moderate to high doses may produce 
beneficial effects at low doses (4). Hormesis indicates a favorable biological 
response to low exposures of chemicals or other stressors, but an opposite harmful 
effect in large doses. The hormetic phenomenon is often referred to as a “Biphasic 
Dose Response.” The hormetic curve appears “bell-shaped.” 
 
 

                                    
 
    
  
 German pharmacologist Hugo Schulz first described the hormetic 
physiological phenomenon in 1888, which was soon supported by the work of 
German physician Rudolph Arndt. Their work gave rise to the Arndt-Schulz Rule. 
The term “hormesis” was coined and used for the first time in the journal 
Phytopathology in 1943 (5). A search of the national Library of Medicine (12/01/15) 
using the key word “hormesis” in PubMed locates 1,285 citations. 
 
 The phenomenon of hormesis is applied to numerous experiences, including 
heat, toxins, alcohol, food intake, exercise, radiation, etc. For this discussion, it is 
also applied to photon exposure from Low-Level Laser Therapy. 
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LASER APPLICATIONS 
 
 The US Food and Drug Administration (FDA) first granted a 510(k) market 
clearance for low-level laser therapy in 2002 (6). The study submitted to achieve 
the FDA 510(k) market clearance status involved a group of 50 patients treated for 
musculoskeletal neck and shoulder pain. The laser used was a 635 nm wavelength 
line laser using 5 mW of power, applied for 3 minutes over the area of complaint. 
The laser group showed a 66% improvement in pain and range of motion as 
compared to the placebo group following a single 3-minute exposure (7). 
 
 The 2002 book by Jan Tuner and Lars Hode, titled Laser Therapy: Clinical 
Practice and Scientific Background (6), contains 1,281 references. The authors note 
that the treatment dose or fluence is the most important treatment parameter. 
Specifically they state: 
 
 “Biostimulatory effects of laser are governed by the Arndt-Schulz 
 law of biology, i.e. weak stimuli excite physiological activity, strong 
 stimuli retard it. Many therapists have the feeling that the more 
 energy the better the result. But as can be seen from the diagram 
 below, what was originally a stimulating laser dose may become an 
 inhibitory dose if you continue the irradiation beyond the optimum 
 value.” 
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 5 
Tuner and Hode also note: 
 
“If a dose above the highest one suitable is administered, weaker or 
no biological effects will result. With an even greater dose, the bio-
suppressive range is entered (inhibiting effect result.)” 

 
••••• 

 
In 2004, an article published in the journal Biochemistry and titled 

“Photobiological Principles of Therapeutic Applications of Laser Radiation,” the 
authors note (8): 

 
The positive action of laser biostimulation is changed “into inhibition 
of vital activity processes” under large doses of laser radiation, 
“which is a main hindrance to a successful application of laser 
therapy and a cause of disappointment.” 

 
••••• 

 
 James L. Oschman, PhD, has a doctorate in Biological Sciences. In 2000 he 
published the book Energy Medicine: The Scientific Basis, in which he notes (9): 
 
 “Biological systems respond paradoxically to electrical fields: In living 
 systems, extremely weak electrical fields have potent effects, while 
 strong fields may render little or no response.” 
 
 In 2006, Dr, Oschman authored an article titled “The Biological Basis of Low 
Level Laser Light Therapy” (10). In this article, Dr. Oschman discusses the details 
of quantum physics and quantum biology. He notes: 
 

“Quantum physics is regarded as ‘the most precisely tested and most 
successful theory in the history of science’. Quantum mechanics is 
distinctly different from the older and more familiar Newtonian 
mechanics, and gives a more precise picture of the structure and 
behavior of matter, including living matter.”  

 
Dr. Oschman is critical of Newtonian mechanistic thinking when applied to 

therapeutic laser therapy. He explains that Newtonian mechanistic thinking has now 
been supplanted by non-linear dynamics and quantum physics, noting: 
 

“There is an important distinction between linear and non-linear 
systems. Linear systems are Newtonian.” 
 
When Newtonian linear thinking is “applied to living systems and to 
medicine, we tend to think that the absence of a clinical effect may 
mean that we have not applied enough force or our dosage is too low. 
Linear systems tend to respond slowly to large stimuli, and larger 
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 6 
stimuli are expected to produce larger responses.” 
 
There is a “subtle non-linear aspect of living systems. Non-linear 
systems actually respond rapidly to tiny stimuli.” “This is, of course, 
counter intuitive.” 
 
“Much of the confusion around low level light therapy stems from a 
lack of appreciation of the well established non-linear aspects of 
living systems.” 

 
“Small doses or forces of energies stimulate functions in the living 
organism with little or no inhibition. Larger doses or forces of 
energies initially stimulate and then equally inhibit function. Very 
large forces of energies dramatically stimulate function for a very 
short time only and then dramatically and for long periods of time 
inhibit [function], even to the point of death.” 
 
 “Living systems are profoundly non-linear, as was documented by 

 the research of Ilya Prigogine (Nobel Prize [Chemistry] 1977).” 
 
 
 Dr. Oschman applies these principles to low-level laser therapy, noting that 
cells are responsive to very low levels of light, particularly if the light is pulsed on 
and off. He specifically states: 
 
  “Optimal results with light therapy take place when the light is of low 
 intensity (does not heat tissues), short duration, and pulsed on and 
 off.”  

 
“These conclusions are significant because some have suggested that 
a low level laser can have no biological effect because the energy 
levels are too low to heat the tissues. The work of modern non-linear 
dynamics and quantum coherence show that the opposite is true: 
very low levels of light or other forms of energy can produce 
significant biological effects, and these responses can avalanche 
through the organism from atom to atom, molecule to molecule, and 
cell to cell, creating a chain reaction of effects.” 

 
••••• 

 
 In 2009, researchers from Harvard and Boston University published an article 
in the journal Dose Response, titled (11): 
 

Biphasic Dose Response in Low Level Light Therapy 
 
 Following an extensive review of the literature, these authors make several 
key points pertaining to the application of low-level laser therapy, as follows: 
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 “The use of low levels of visible or near infrared light for reducing 
 pain, inflammation and edema, promoting healing of wounds, deeper 
 tissues and nerves, and preventing cell death and tissue damage has 
 been known for over forty years since the invention of lasers.” 
 
 “The biochemical mechanisms underlying the positive effects are 
 incompletely understood, and the complexity of rationally choosing 
 amongst a large number of illumination parameters such as 
 wavelength, fluence, power density, pulse structure and treatment 
 timing has led to the publication of a number of negative studies as 
 well as many positive ones.”  
 
 “A biphasic dose response has been frequently observed where low 
 levels of light have a much better effect on stimulating and repairing 
 tissues than higher levels of light. The so-called Arndt-Schulz curve is 
 frequently used to describe this biphasic dose response.”  
 
 “A ‘biphasic’ curve can be used to illustrate the expected dose 
 response to light at a subcellular, cellular, tissue or clinical level. 
 Simply put, it suggests that if insufficient energy is applied there will 
 be no response (because the minimum threshold has not been met), 
 if more energy is applied then a threshold is crossed and 
 biostimulation is achieved but when too much energy is applied then 
 the stimulation disappears and is replaced by bioinhibition instead.” 
 
 “The repeated observations that have been made of the biphasic dose 
 response phenomenon in LLLT require some explanation. The natural 
 assumption that is frequently made is, that if a small dose of red or 
 near infrared light produces a significant therapeutic effect, then a 
 larger dose should produce an even more beneficial effect. This 
 natural assumption is frequently not the case.” 
 
 “The biphasic dose response of LLLT is the idea that the protective 
 and stimulatory effects of light occur at low doses, but there is an 
 additional pathway that leads to damaging effects of light that only 
 occurs at high doses, and effectively overwhelms the beneficial 
 effects of low doses of light.” 
 
 “LLLT delivered at low doses tends to work better than the same 
 wavelength delivered at high levels, which illustrates the basic 
 concept of biphasic dose response or hormesis.” 
 
 “In general, fluences of red or NIR as low as 3 or 5 J/cm2 will be 
 beneficial in vivo, but a large dose like 50 or 100 J/cm2 will lose the 
 beneficial effect and may even become detrimental.” 
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 8 
 “The concept of biphasic dose response or LLLT hormesis (low levels 
 of light are good for you, while high levels are bad for you) will 
 remain.” 
 

•••• 
 
 In 2011, these same authors (from #11) updated their 2009 article, again 
published in the journal Dose Response, and titled (12): 
 

Biphasic Dose Response in Low Level Light Therapy – An Update 
 
 This article is a significant review of the literature pertaining to the hormetic 
response of low-level laser therapy. These authors suggest that some negative 
studies pertaining to the application of low-level laser therapy could be explained by 
the researchers not understanding the hormetic nature of lasers and thus exceeding 
the optimum fluence. They further state: 
 
 “The biphasic dose-response or Arndt-Schulz curve in LLLT has been 
 shown both in vitro studies and in animal experiments. This review 
 will provide an update to our previous coverage of this topic.” 
 
 “Transcranial LLLT for traumatic brain injury (TBI) in mice shows a 
 distinct biphasic pattern with peaks in beneficial neurological 
 effects.” 
 
 “The number of instances of biphasic dose response reported in the 
 LLLT literature is increasing as time progresses. This increase may be 
 due to an increasing realization that the phenomenon is real, and 
 thus prompting investigators to look for it.” 
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 9 
SUPPORTAVE LASER STUDIES 

  
 Studies that compare different levels of laser influence on a variety of 
pathological entities tend to support the concept of hormesis. 
 
 A 2006 study by Patricia Carrinho and colleagues compared the tissue repair 
of injured mouse tendons when treated with either a 685 nm laser or an 830 nm 
laser, each at fluences of both 3 J/cm2 and 10 J/cm2. Their study was published in 
the journal Photomedicine and Laser Surgery and titled (13): 
 
Comparative Study Using 685-nm and 830-nm Lasers in the Tissue Repair 

of Tenotomized Tendons in the Mouse 
 
This study used 48 mice that were divided into six experimental groups:  
 
Group A, tenotomized animals, treated with 685 nm laser, at the dosage of  
3 J/cm2.  
 
Group B, tenotomized animals, treated with 685-nm laser, at the dosage of  
10 J/cm2. 
 
Group C, tenotomized animals, treated with 830-nm laser, at dosage of 3 J/cm2.  
 
Group D, tenotomized animals, treated with 830-nm laser, at dosage of 10 J/cm2. 
 
Group E, injured control (placebo treatment). 
 
Group F, non-injured standard control.  
 

Laser irradiation started 24 h after the tenotomy of the Achilles tendon. A 
total of 12 laser sessions were performed on consecutive days. The mice were killed 
on day 13, and the injured tendons were surgically removed and analyzed with 
polarized light microscopy to assess the organization and molecular order of the 
collagen fibers. All laser treated groups showed improved healing when compared 
to injured control group. The best organization and aggregation of the collagen 
bundles was shown by the animals of group A (685 nm, 3 J/cm2), followed by the 
animals of group C (830 nm, 3 J/cm2), and B (685 nm, 10 J/cm2), and finally, the 
animals of group D (830 nm, 10 J/cm2). The authors concluded: 

 
“All wavelengths and fluences used in this study were efficient at 
accelerating the healing process of Achilles tendon post-tenotomy, 
particularly after the 685-nm laser irradiation, at 3 J/cm2. It suggests 
the existence of wavelength tissue specificity and dose dependency.” 

 
 In this study, lesser exposure to laser irradiation fluence resulted in an 
improved healing outcome than higher doses of exposure. This was true for both 
the 685 nm and the 830 nm wavelengths. Compared to the control injured tendons, 
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 10 
there was a 208% improved tissue response with 685-nm laser irradiation at 3 
J/cm2. These authors note:  
 

“The best tissue response was obtained after the 685-nm laser 
irradiation, at the dosage of 3 J/cm2.”  
 
“Our results suggest that laser irradiation (particularly using the 

 685-nm laser, at the dosage of 3 J/cm2) produced an increase of cell 
 proliferation through changes in mitochondrial physiology, 
 subsequently affecting RNA synthesis, which, in turn, alters the 
 expression of various cell regulatory proteins.” 
 

••••• 
 

Another comparative fluence study from 2006 was authored by Denise 
Hawkins and colleagues, and published in the journal Lasers in Surgery and 
Medicine and titled (14): 

 
Fibroblasts Following Helium-Neon Laser Irradiation, The Role of 

Laser Fluence in Cell Viability, Proliferation, and Membrane Integrity of 
Wounded Human Skin 

 
The authors used a 3 mW, 632.8 nm laser exposure on wounded human skin 

fibroblasts and irradiated them using different laser fluences (0.5, 2.5, 5, 10, and 
16 J/cm2) with a single exposure on 2 consecutive days. Changes in fibroblast cell 
morphology were evaluated by light microscopy. Changes in mitochondrial activity 
using adenosine triphosphate (ATP) luminescence, cell proliferation using neutral 
red and an alkaline phosphatase (ALP) activity assay, membrane integrity using 
lactate dehydrogenase (LDH), and percentage cytotoxicity and DNA damage using 
the Comet assay were also completed. The authors concluded: 
 
 “Morphologically, wounded cells exposed to 5 J/cm2 migrate rapidly 
 across the wound margin indicating a stimulatory or positive 
 influence of phototherapy. A dose of 5 J/cm2 has a stimulatory 
 influence on wounded fibroblasts with an increase in cell proliferation 
 and cell viability without adversely increasing the amount of cellular 
 and molecular damage.” 
 
 “Higher doses (10 and 16 J/cm2) were characterized by a decrease in 
 cell viability and cell proliferation with a significant amount of 
 damage to the cell membrane and DNA.” 
 
 “Results show that 5 J/cm2 stimulates mitochondrial activity, which 
 leads to normalization of cell function and ultimately stimulates cell 
 proliferation and migration of wounded fibroblasts to accelerate 
 wound closure. Laser irradiation can modify cellular processes in a 
 dose or fluence (J/cm2) dependent manner.”  
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 11 
 

••••• 
 

 In 2008, researchers from the Laboratory of Laser Life Science & Institute of 
Laser Life Science, South China Normal University, China, published an article in the 
journal Cellular Physiology and Biochemistry titled (15): 
 

Low-power laser irradiation inhibiting Abeta25-35-induced PC12 cell 
apoptosis via PKC activation 

 
 In this study the authors assess the application of low-level laser therapy as 
an approach to the attenuation of Alzheimer’s disease risk when applied to rat cells. 
Their research clearly demonstrates a biphasic response to the application of these 
cells to laser fluence. They note: 
 
 “Apoptosis is a contributing pathophysiological mechanism of 
 Alzheimer’s disease (AD). Recently, low-power laser irradiation 
 (LPLI) has been applied to moderate AD.” 
 
 “Low-power laser irradiation (LPLI) can modulate various cellular 
 processes  such as proliferation, differentiation and apoptosis. It has 
 been reported  that laser irradiation has a stimulatory effect on cell 
 proliferation at  relatively low fluence, but an inhibitory effect at 
 higher fluence.” 
 
 “The data show that a short time or low fluence of LPLI could reverse 
 the increased level of [neuronal disease]. “When the irradiation time 
 was prolonged to 40 min, LPLI could not reverse the increased level 
 of [neuronal disease]. The amount of LPLI fluence, thus, can affect 
 the responses in cell[s].” 
 
 “In summary, a controlled low dose LPLI can have anti-apoptotic 
 effect on  cells.”  
 
 

••••• 
 

In 2009, researchers from the Department of Experimental Surgery, Federal 
University of São Paulo, Brazil, published a study in the journal Support Care 
Cancer, titled (16): 

 
Cyclooxygenase-2 and vascular endothelial growth factor expression 

in 5-fluorouracil-induced oral mucositis in hamsters: evaluation of two low-
intensity laser protocols 
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 12 
The authors investigated the mechanisms whereby low-intensity laser 

therapy affects the severity of oral mucositis. They exposed hamsters to the 
chemical 5-fluorouracil, and then randomly allocated into three groups: 

35 mW laser 
100 mW laser 
Controls, no laser  
 
The severity of clinical mucositis was assessed at four time-points using 

harvested buccal tissue. This tissue was immunohistochemistry assessed for 
cyclooxygenase-2, the enzyme that converts arachidonic acid into the pro-
inflammatory eicosanoid hormone prostaglandin E2. The findings include: 

 
“Peak severity of mucositis was reduced in the 35 mW laser group as 

 compared to the 100 mW laser and control groups. This reduced peak 
 clinical severity of mucositis in the 35 mW laser group was 
 accompanied by a significantly lower level of COX-2 staining. The 100 
 mW laser did not have an effect on the severity of clinical mucositis.”  

 
“The tissue response to laser therapy appears to vary by dose. Low-

 intensity laser therapy appears to reduce the severity of mucositis, at 
 least in part, by reducing COX-2 levels and associated inhibition of the 
 inflammatory response.” 

 
 

••••• 
 

 In 2012, researchers from the Department of Psychology, Pharmacology and 
Toxicology, University of Texas at Austin, Austin, TX, published a study in the 
Journal of Alzheimers Disease, titled (17): 

 
Low-Level Light Therapy Improves Cortical Metabolic Capacity and Memory 

Retention 
 

 These authors tested the hypothesis that in vivo LLLT facilitates cortical 
oxygenation and metabolic energy capacity and thereby improves memory 
retention in rats. They note that cerebral hypometabolism characterizes mild 
cognitive impairment and Alzheimer's disease. Low-level light therapy (LLLT) 
enhances the metabolic capacity of neurons through photostimulation of the 
mitochondrial enzyme that catalyzes oxygen consumption in cellular respiration. 
The experiments “showed the memory enhancing effect of LLLT.” These authors 
note: 
 
 “Growing evidence supports that neuronal metabolic enhancement by 
 LLLT positively impacts neuronal function in vitro and in vivo.” 
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 13 
 “Based on its effects on energy metabolism, it is proposed that 
 LLLT  will also affect the cerebral cortex in vivo and modulate higher-
 order cognitive functions such as memory.” 
 
 The experiments “showed that LLLT induced hormetic dose-response 
 effects on the metabolic capacity of the prefrontal cortex.” 
 
  “These data suggest that LLLT can enhance cortical metabolic 
 capacity and retention of extinction memories, and implicate LLLT as 
 a novel intervention to improve memory.” 
 
 “Low-level light therapy (LLLT) with red to near-infrared light is a 
 promising and novel neurotherapeutic intervention in animals and 
 humans.” 
 
 “A hormetic dose-response increase in cytochrome oxidase activity 
 was detected at 24 h in the prefrontal cortex of rats exposed to 
 LLLT.” 
 
 “The lower LLLT dose induced a significant 13.6% increase in mean 
 cytochrome oxidase activity, compared to control. Higher LLLT doses 
 resulted in no significant differences compared to control.” 
 
 “These results demonstrate that the lower dose had a significant 
 stimulatory effect on cortical metabolic capacity. The data also show 
 a tendency towards reduced enhancement of metabolic capacity with 
 increasing doses, supporting a hormetic dose-response effect.” 
 
 “Lower LLLT doses, but not higher doses, induced a significant 
 increase in brain cytochrome oxidase 24 h after treatment. It is 
 believed that far from being a spurious result, this hormetic response 
 on neurometabolic stimulation is representative of the distinctive and 
 well-characterized dose-response effect of LLLT. Hormesis describes 
 a dose-response effect in which there is stimulation of a biological 
 process at a low dose and no effect or even inhibition of that process 
 at a high dose.” 
 
 “In the case of LLLT, extensive in vitro data support 
 photostimulatory effects with lower (0.001–10 J/cm2) doses and 
 inhibition with higher (>10 J/cm2) doses.” 
 
 “Our data can be interpreted as supportive of the current mechanistic 
 paradigm of LLLT that implicates hormetic enhancement of energy 
 metabolism.” 

 
••••• 

 

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight



 14 
In their 2007 book Younger Next Year, attorney Chris Crowley and 

physcian Henry Lodge, MD, detail the interrelationship between pro-inflammatory 
and anti-inflammatory cytokines (proteins produced by immune system cells) (18). 
The most improtant of the anti-inflammatory cytokines is interleukin-10 (IL-10). IL-
10 “is the master chemical for repair and growth.” It “is the key because growth is 
the magic you are after.” 

 
In 2014, researchers from the Department of Immunology, University of São 

Paulo, Brazil, published a study in the Journal of Lasers in Medicine and Science 
titled (19): 

 
Low-level laser therapy attenuates the myeloperoxidase activity and 

inflammatory mediator generation in lung inflammation induced by gut 
ischemia and reperfusion: a dose-response study 

 
 These authors evaluated the dose-response effect of low-level laser therapy 
on lung inflammation induced by Intestinal ischemia and reperfusion in mice. 
Increasing doses (1, 3, 5 and 7.5 J/cm2) of laser irradiation (660 nm) was carried 
out on the mice skin over the upper bronchus for 5 min after initiating reperfusion.  
 
 The authors found that low-level laser therapy significantly increased the 
protein levels of IL-10 in inflamed mice, however only in the dose of 1J/cm(2). They 
specifically state: 
 
 “IL-10 is an anti-inflammatory cytokine.” 
 
 “IL-10 attenuates the pro-inflammatory cytokine production and 
 tissue injury following ischemia and reperfusion injury.” 
 
 “The dose of 1 J/cm2 caused a significant rise of IL-10.” 
 
 “We observe that only the dose of 1J/cm2 was effective to increased 
 IL-10 levels.” 
 
 “A depiction from Arndt Schulz model illustrates a possible dose 
 ‘sweet spot’ at the target tissue. This law suggests that insufficient 
 power density or too short time exposure will result in no effect on 
 the pathological process and, that too much power density and / or 
 long time exposure may have inhibitory effects.” 
 
 “IL-10 is an anti-inflammatory cytokine that inhibits the release of 
 pro-inflammatory cytokines from monocytes/macrophages, thus 
 preventing subsequent tissue damage.” 
 
 “Low-level laser therapy acts as an anti-inflammatory mediator by 
 reducing the classical features of tendinitis by increasing the IL-10 
 concentration in inflamed tissue.” 
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 “We showed that low-level laser therapy has a protective effect on 
 lung  inflammation via the increase of IL-10.” 
 

••••• 
 
 In 2014, researchers from the Department of Physical Therapy, China Medical 
University, Taiwan, published a study in the journal Photomedicine and Laser 
Surgery, titled (20): 
 
The fluence effects of low-level laser therapy on inflammation, fibroblast-

like synoviocytes, and synovial apoptosis in rats with adjuvant-induced 
arthritis 

 
 The authors evaluated the effect of low-level laser therapy operating at low 
and high fluences on induced joint inflammation and arthritis in rats. They note that 
data indicates that low-level laser therapy is effective in patients with inflammation 
caused by rheumatoid arthritis; however, the fluence effects of low-level laser 
therapy are unclear. 
 
 After induction of arthritis, the animals were exposed to 4.5 J/cm2 or 
72 J/cm2 daily for 10 days. Afterwards the animals were euthanized and their 
arthritic ankles were collected for histopathological analysis. The authors detail how 
the pro-inflammatory cytokine TNF-alpha drives the pathology of rheumatoid 
arthritis. They state: 
 
 “Our results point to a significant decrease in the modulation of 
 expression of TNF-alpha and inflammatory cells when they are 
 irradiated by low-level laser therapy at a fluence of 4.5 J/cm2 72 h 
 after the induction of inflammatory arthritis in the rat ankle.” 
 
 “Low-level laser therapy at a fluence of 4.5 J/cm2 significantly 
 reduced infiltration of inflammatory cells and expressions of TNF-
 alpha.” 
  
 “No significant changes were observed in these biochemicals and 
 inflammation in arthritic animals treated with 72 J/cm2.” 
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SUMMARY 

 
 The studies reviewed here represent multiple countries, universities, and 
clinical applications, yet they all find that the application of low-level laser therapy 
is hormetic. The concepts and studies presented indicate that the application of 
laser photon therapy is not linear, but rather bell shaped. This bell-shaped concept 
is also known as biphasic dose response, hormetic (hormesis), and/or the Arndt-
Schulz rule. This hormesis concept has been scientifically published since 1888, and 
continues to gain strength and support. It is particularly relevant and important to 
everyone using low-level laser therapy. 
 
Dan Murphy, DC 
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There is a great discussion pertaining to photon energy levels in 
Wikipedia. 
 
Particularly pertinent is: 
 
A photon’s energy is equal to Plank’s Constant times the speed 

of light and inversely to its wavelength 
 
 
Photon  = (Plank’s Constant) X (Speed of Light) 
Energy     Wavelength 
 
 
This means that lasers with shorter wavelengths have more energy: 
 
Violet (405 nm) has more than red (635) has more than infrared (830). 
 
Violet (405 nm) > green (535 nm) > red (635) > infrared (830) 

 
Since it is the photonic energy, not depth of penetration or temperature 
that enhances healing, shorter wavelength lasers have distinct 
advantages 
 
• Dog Cancer Study 
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Photonic Energy       Depth of Penetration 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Depth of Penetration        Photonic Energy 
 
 400nm 500nm 600nm 700nm 800nm 900nm  



Laser Math 
 

Published thresholds are in J/cm2 

 
W   =  watts 
 
mW   =  milliwatts 
 
J   =  Joules 
 
S  = time in seconds 
 
1W  = 1000mW  
 
1mW =  .001W 
 
5mW = .005W 
 
J   =  (W) X (S)  =  Fluence 
 
Suggestions:  
• Assume each diode is 1cm2 

 
• Since the distance between the diodes are greater than 1cm  
 J/cm2 is calculated per diode 
 
• Total fluence is J/cm2 X # of diodes 
 

Each Erchonia diode is 7.5mW = .0075W 
 
1J  =  133  seconds = 2 minutes  13 seconds 
2J  =  267  seconds  =  4 minutes   27 seconds 
5J  =  667 seconds  =  11 minutes   7 seconds 
10J  =  1333 seconds  =  22 minutes  15 seconds 
 

A typical spot application is between 5-10 minutes 
(≈	3-5 J/cm2) 



Laser Applications 
 

Things that Enhance Laser Therapy Things that Impair Laser Therapy 
Omega-3s (Udo, 1993) 

Omega-6/Omega-3 
 

CoQ-10 
 

Acetyl-l-Carnitine 
 

Alpha Lipoic Acid 
 

Mg++ 
 

Coconut Oil 
 

A Darker Room 
 

Close as Reasonable 

NSAIDs 
 

Steroids 
 

Statin Drugs 
 

Physically Unfit 
(decreased mitochondria) 

 
Exceeding the Hormetic Threshold 

 
Failure to do the Nervous System 

 
Increased Ambient Light 

 
Increased Distance from Part 

 



“All laser treatment [should be] proceeded by a stimulating irradiating of the 
vertebra that innervates the damaged area.” Page 146 
 
The biostimulatory action of laser therapy is countered by the presence of NSAIDs 
and steroids that are non-acceptors of laser therapy, as the latter block the 
membrane channels and antennae pigment receptors that laser therapy relies 
upon.” Page 91 
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BIPHASIC DOSE RESPONSE IN LOW LEVEL LIGHT THERAPY
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Hospital, Boston, MA; Department of Dermatology, Harvard Medical School,
Boston, MA; Aesthetic and Plastic Center of Guangxi Medical University, Nanning,
P.R. China

Aaron C.-H. Chen  � Wellman Center for Photomedicine, Massachusetts General
Hospital, Boston, MA; Boston University School of Medicine, Graduate Medical
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James D. Carroll  � THOR Photomedicine Ltd, 18A East Street, Chesham, HP5
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Michael R. Hamblin  � Wellman Center for Photomedicine, Massachusetts
General Hospital, Boston, MA; Department of Dermatology, Harvard Medical
School, Boston, MA; Harvard-MIT Division of Health Sciences and Technology,
Cambridge, MA

� The use of low levels of visible or near infrared light for reducing pain, inflammation
and edema, promoting healing of wounds, deeper tissues and nerves, and preventing cell
death and tissue damage has been known for over forty years since the invention of lasers.
Despite many reports of positive findings from experiments conducted in vitro, in animal
models and in randomized controlled clinical trials, LLLT remains controversial in main-
stream medicine. The biochemical mechanisms underlying the positive effects are incom-
pletely understood, and the complexity of rationally choosing amongst a large number of
illumination parameters such as wavelength, fluence, power density, pulse structure and
treatment timing has led to the publication of a number of negative studies as well as many
positive ones. A biphasic dose response has been frequently observed where low levels of
light have a much better effect on stimulating and repairing tissues than higher levels of
light. The so-called Arndt-Schulz curve is frequently used to describe this biphasic dose
response. This review will cover the molecular and cellular mechanisms in LLLT, and
describe some of our recent results in vitro and in vivo that provide scientific explanations
for this biphasic dose response.

1. INTRODUCTION

1.1. Brief history

Low level laser therapy (LLLT) is the application of light (usually a
low power laser or LED in the range of 1mW – 500mW) to a pathology to
promote tissue regeneration, reduce inflammation and relieve pain. The
light is typically of narrow spectral width in the red or near infrared

Dose-Response, 7:358–383, 2009
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(NIR) spectrum (600nm – 1000nm), with a power density (irradiance)
between 1mw-5W/cm2. It is typically applied to the injury for a minute or
so, a few times a week for several weeks. Unlike other medical laser pro-
cedures, LLLT is not an ablative or thermal mechanism, but rather a pho-
tochemical effect comparable to photosynthesis in plants whereby the
light is absorbed and exerts a chemical change.

The phenomenon was first published by Endre Mester at Semmelweis
University, Budapest, Hungary in 1967 a few years after the first working
laser was invented (Mester et al. 1967). Mester conducted an experiment
to test if laser radiation might cause cancer in mice. He shaved the hair
off their backs, divided them into two groups and irradiated one group
with a low powered ruby laser (694-nm). The treatment group did not get
cancer and to his surprise, the hair grew back more quickly than the
untreated group. He called this “Laser Biostimulation”.

1.2. Evidence for effectiveness of LLLT

Since 1967 over 100 phase III, randomized, double-blind, placebo-
controlled, clinical trials (RCTs) have been published and supported by
over 1,000 laboratory studies investigating the primary mechanisms and
the cascade of secondary effects that contribute to a range of local tissue
and systemic effects.

RCTs with positive outcomes have been published on pathologies as
diverse as osteoarthritis (Bertolucci and Grey 1995; Ozdemir et al. 2001;
Stelian et al. 1992), tendonopathies (Bjordal et al. 2006b; Stergioulas et al.
2008; Vasseljen et al. 1992), wounds (Caetano et al. 2009; Gupta et al. 1998;
Ozcelik et al. 2008; Schubert et al. 2007), back pain (Basford et al. 1999),
neck pain (Chow et al. 2006; Gur et al. 2004), muscle fatigue (Leal Junior
et al. 2008a; Leal Junior et al. 2008b), peripheral nerve injuries (Rochkind
et al. 2007) and strokes (Lampl et al. 2007; Zivin et al. 2009); nevertheless
results have not always been positive. This failure in certain circumstances
can be attributed to several factors including dosimetry (inadequate or
too much energy delivered, inadequate or too much irradiance, inap-
propriate pulse structure, irradiation of insufficient area of the patholo-
gy), inappropriate anatomical treatment location and concurrent patient
medication (such as steroidal and non-steroidal anti-inflammatories
which can inhibit healing) (Aimbire et al. 2006; Goncalves et al. 2007). 

1.3. The medicine and the dose

As with other forms of medication, LLLT has its active ingredients or
“medicine” (irradiation parameters) and a “dose” (the irradiation time).
Table 1 lists the key parameters that define the medicine and Table 2
defines the dose. It is beyond the scope of this paper to exhaustively list
and discuss every conceivable aspect of laser radiation or other light
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tissue penetration of light is maximized. This optical window runs
approximately from 650 nm to 1200 nm. (Figure 2). The absorption and
scattering of light in tissue are both much higher in the blue region of the
spectrum than the red, because the principle tissue chromophores
(hemoglobin and melanin) have high absorption bands at shorter wave-
lengths, tissue scattering of light is higher at shorter wavelengths, and fur-
thermore water strongly absorbs infrared light at wavelengths greater
than 1100-nm. Therefore the use of LLLT in animals and patients almost
exclusively involves red and near-infrared light (600-1100-nm) (Karu and
Afanas’eva 1995). 

Phototherapy is characterized by its ability to induce photobiological
processes in cells. Exact action spectra are needed for determination of
photoacceptors as well as for further investigations into cellular mecha-
nisms of phototherapy. The action spectrum shows which specific wave-
length of light is most effectively used in a specific chemical reaction (Karu
and Kolyakov 2005). The fact that defined action spectra can be construct-
ed for various cellular responses confirms the first law of photobiology
described above (light absorption by specific molecular chromophores).

2.3. Mitochondrial Respiration and ATP

Current research about the mechanism of LLLT effects inevitably
involves mitochondria. Mitochondria play an important role in energy
generation and metabolism. Mitochondria are sometimes described as

FIGURE 1. Schematic diagram showing the absorption of red and NIR light by specific cellular chro-
mophores or photoacceptors localized in the mitochondrial respiratory chain
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“cellular power plants”, because they convert food molecules into energy
in the form of ATP via the process of oxidative phosphorylation (see
Figure 3 for an illustartion of the mitochondrial respiratory chain). 

The mechanism of LLLT at the cellular level has been attributed to
the absorption of monochromatic visible and NIR radiation by compo-
nents of the cellular respiratory chain (Karu 1989). Several pieces of evi-
dence suggest that mitochondria are responsible for the cellular response
to red visible and NIR light. The effects of HeNe laser and other illumi-
nation on mitochondria isolated from rat liver, have included increased
proton electrochemical potential, more ATP synthesis (Passarella et al.
1984), increased RNA and protein synthesis (Greco et al. 1989) and
increases in oxygen consumption, membrane potential, and enhanced
synthesis of NADH and ATP. 

2.4. Cytochrome c oxidase and nitric oxide release

Absorption spectra obtained for cytochrome c oxidase (Cox) in dif-
ferent oxidation states were recorded and found to be very similar to the
action spectra for biological responses to light (Karu and Kolyakov 2005).
Therefore it was proposed that Cox is the primary photoacceptor for the
red-NIR range in mammalian cells (Karu and Kolyakov 2005). 

Nitric oxide produced in the mitochondria can inhibit respiration by
binding to Cox and competitively displacing oxygen, especially in stressed

FIGURE 2. Absorption spectra of the main chromophores in living tissue on a log scale showing the
optical window where visible and NIR light can penetrate deepest into tissue.
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or hypoxic cells (Brown 2001). Increased nitric oxide (NO) concentra-
tions can sometimes be measured in cell culture or in animals after LLLT
due to its photo release from the mitochondria and Cox. It has been pro-
posed that LLLT might work by photodissociating NO from Cox, thereby
reversing the mitochondrial inhibition of respiration due to excessive NO
binding (Lane 2006). Figure 4 illustrates the photodissociation of NO
from its binding sites on the heme iron and copper centers where it
cometively inhibits oxygen binding and reduces necessary enzymic activ-
ity, thus allowing an immediate influx of oxygen and resumption of res-
piration and generation of reactive oxygen species.

2.5. NO signaling

In addition to NO being photodissociated from Cox as described, it
may also be photo-released from other intracellular stores such as nitrosy-
lated hemoglobin and nitrosylated myoglobin (Shiva and Gladwin 2009).
Light mediated vasodilation was first described in 1968 by R F Furchgott,
in his nitric oxide research that lead to his receipt of a Nobel Prize thirty
years later in 1998 (Mitka 1998). Later studies conducted by other
researchers confirmed and extended Furchgott’s early work and demon-
strated the ability of light to influence the localized production or release
of NO and stimulate vasodilation through the effect NO on cyclic guanine

FIGURE 3. Mitochondrial respiratory chain consisting of contains five complexes of integral mem-
brane proteins: NADH dehydrogenase (Complex I), succinate dehydrogenase (Complex II),
cytochrome c reductase (Complex III), cytochrome c oxidase (Complex IV), and ATP synthase
(ComplexV).
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monophosphate (cGMP). This finding suggested that properly designed
illumination devices may be effective, noninvasive therapeutic agents for
patients who would benefit from increased localized NO availability 

2.6. Reactive oxygen species and gene transcription

Reactive oxygen species (ROS) and reactive nitrogen species (RNS)
are involved in the signaling pathways from mitochondria to nuclei.
Reactive oxygen species (ROS) are very small molecules that include oxy-
gen ions such as superoxide, free radicals such as hydroxyl radical, and
hydrogen peroxide, and organic peroxides. They are highly with biologi-
cal molecules such as proteins, nucleic acids and unsaturated lipids. ROS
form as a natural by-product of the normal metabolism of oxygen and
have important roles in cell signaling (Storz 2007), regulating nucleic
acid synthesis, protein synthesis, enzyme activation and cell cycle pro-
gression (Brondon et al. 2005). LLLT was reported to produce a shift in
overall cell redox potential in the direction of greater oxidation (Karu
1999) and increased ROS generation and cell redox activity have been
demonstrated (Alexandratou et al. 2002; Chen et al. 2009b; Grossman et
al. 1998; Lavi et al. 2003; Lubart et al. 2005; Pal et al. 2007; Zhang et al.
2008). These cytosolic responses may in turn induce transcriptional
changes. Several transcription factors are regulated by changes in cellular
redox state. But the most important one is nuclear factor B (NF-B).
Figure 5 illustrates the effect of redox-sensitive transcription factor NF-κB

FIGURE 4. When NO is released from its binding to heme iron and copper centers in cytochrome c
oxidase by the action of light, oxygen is allowed to rebind to these sites and respiration is restored to
its former level leading to increased ATP synthesis.
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activated after LLLT and is instrumental in causing transcription of pro-
tective and stimulatory gene products.

2.7. Downstream cellular response

Although the underlying mechanism of LLLT are still not completely
understood, in vitro studies, animal experiments and clinical studies have
all tended to indicate that LLLT delivered at low doses may produce a bet-
ter result when compared to the same light delivered at high doses. LLLT
can prevent cell apoptosis and improve cell proliferation, migration and
adhesion at low levels of red/NIR light illumination (see Figure 6). 

LLLT at low doses has been shown to enhance cell proliferation in
vitro in several types of cells: fibroblasts (Lubart et al. 1992; Yu et al. 1994),
keratinocytes (Grossman et al. 1998), endothelial cells (Moore et al.
2005), and lymphocytes (Agaiby et al. 2000; Stadler et al. 2000). The
mechanism of proliferation was proposed to involve photostimulatory
effects in mitochondria processes, which enhanced growth factor release,
and ultimately led to cell proliferation (Bjordal et al. 2007). Kreisler et al
showed (Kreisler et al. 2003) that the attachment and proliferation of
human gingival fibroblasts were enhanced by LLLT in a dose-dependent
manner. LLLT modulated matrix metalloproteinase activity and gene
expression in porcine aortic smooth muscle cells (Gavish et al. 2006).
Shefer at el. showed (Shefer et al. 2002) that LLLT could activate skeletal

FIGURE 5. Reactive oxygen species (ROS) formed as a result of LLLT effects in mitochondria may
activate the redox-sensitive transcription factor NF-κB (relA-p50) via protein kinase D (PKD).
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muscle satellite cells, enhancing their proliferation, inhibiting differenti-
ation and regulating protein synthesis.

2.8. Downstream tissue response

There have been a large number of both animal model and clinical
studies that demonstrated highly beneficial LLLT effects on a variety of
diseases, injuries, and has been widely used in both chronic and acute
conditions (see Figure 7). LLLT may enhance neovascularisation, pro-
mote angiogenesis and increase collagen synthesis to promote healing of
acute (Hopkins et al. 2004) and chronic wounds (Yu et al. 1997). LLLT
provided acceleration of cutaneous wound healing in rats with a biphasic
dose response favoring lower doses (Corazza et al. 2007). LLLT can also
stimulate healing of deeper structures such as nerves (Gigo-Benato et al.
2004), tendons (Fillipin et al. 2005), cartilage (Morrone et al. 2000),
bones (Weber et al. 2006) and even internal organs (Shao et al. 2005).
LLLT can reduce pain (Bjordal et al. 2006a), inflammation (Bjordal et al.
2006b) and swelling (Carati et al. 2003) caused by injuries, degenerative
diseases or autoimmune diseases. Oron reported beneficial effect of
LLLT on repair processes after injury or ischemia in skeletal and heart
muscles in multiple animal models in vivo (Ad and Oron 2001; Oron et
al. 2001a; Oron et al. 2001b; Yaakobi et al. 2001). LLLT has been used to
mitigate damage after strokes (in both animals (Lapchak et al. 2008) and
humans (Lampl et al. 2007)), after traumatic brain injury (Oron et al.
2007) and after spinal cord injury (Wu et al. 2009). 

FIGURE 6. The downstream cellular effects of LLLT signaling include increases in cell proliferation,
migration and adhesion molecules. Cell survival is increased and cell death reduced by expression of
proteins that inhibit apoptosis.
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3. REVIEW OF BIPHASIC DOSE RESPONSES IN LLLT

3.1. Dose dependence and dose rate effects—the biphasic curve 

A biphasic response has been demonstrated many times in LLLT
research (Lanzafame et al. 2007; Oron et al. 2001a) and the “Arndt-Schulz
Law” is frequently quoted as a suitable model to describe dose dependent
effects of LLLT (Chow et al. 2006; Hawkins and Abrahamse 2006a;
Hawkins and Abrahamse 2006b; Lubart et al. 2006; Sommer et al. 2001).
The concept of the Arndt-Schulz Law dates from the years around the
end of the nineteenth century, when H. Schulz published a series of
papers that examined the activity of various kinds of poisons (iodine,
bromine, mercuric chloride, arsenious acid, etc.) on yeast, showing that
almost all these agents have a slightly stimulatory effect on the yeast
metabolism when given in low doses (Schulz 1877; Schulz 1888). He then
came into contact with the psychiatrist R. Arndt and together they devel-
oped a principle that later became known as the ‘Arndt-Schulz law’, stat-
ing that weak stimuli slightly accelerate vital activity, stronger stimuli raise
it further, but a peak is reached and even stronger stimuli suppress it,
until a negative response is finally achieved (Martius 1923). In 1960
Townsend and Luckey surveyed the field of classic medical pharmacolo-
gy and published a list of 100 substances known to be capable of causing
an inhibition at high concentrations and stimulation at low concentra-
tions and termed the phenomenon “hormoligosis” (Townsend and
Luckey 1960). The modern term “hormesis” was first used by Stebbing in
1982 (Stebbing 1982) and has been thoroughly reviewed by Calabrese
(Calabrese 2001b; Calabrese 2002; Calabrese 2004a; Calabrese 2004b;
Calabrese 2005).

FIGURE 7. Beneficial tissue effects of LLLT can include almost all the tissues and organs of the body.
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In the context of LLLT the increasing “stimulus” may be irradiation
time or increased irradiance. This non-linear effect contradicts the
Bunsen-Roscoe rule of reciprocity (which was originally formulated for
visual detection of light by photoreceptors (Brindley 1952)), which pre-
dicts that if the products of exposure time in seconds and irradiance in
mW/cm2 are equal, i.e. the energy density is the same, then the changes
in biological endpoint will be equal. This inverse linear relationship
between irradiance and time has frequently failed in LLLT research
(Karu and Kolyakov 2005; Lubart et al. 2006).

A “biphasic” curve can be used to illustrate the expected dose
response to light at a subcellular, cellular, tissue or clinical level. Simply
put, it suggests that if insufficient energy is applied there will be no
response (because the minimum threshold has not been met), if more
energy is applied the then a threshold is crossed and biostimulation is
achieved but when too much energy is applied then the stimulation dis-
appears and is replaced by bioinhibition instead. An idealized illustration
(Figure 8) similar to that suggested by Sommer (Sommer et al. 2001)
helps understand the concept. 

3.2. Biphasic Response—irradiance

As early as 1978 Endre Mester observed a “threshold phenomenon”
after laser irradiation of lymphocytes in vitro (Mester et al. 1978). Peter
Bolton in 1991 irradiating macrophages with two different irradiances
(W/cm2) but the same energy density (J/cm2) recorded different results
(Bolton et al. 1991). Karu (Karu and Kolyakov 2005) found a dependence
of stimulation of DNA synthesis rate on light intensity at a constant ener-
gy density 0.1 J/cm2 with a clear maximum at 0.8 mW/cm2. In another
study (Karu et al. 1997) the same group found no less than seven maxima
in the dose vs. biological effect curves using a pulsed 810-nm diode laser.

FIGURE 8. Idealized biphasic dose response curve (often termed Arndt-Schulz curve) typically
reported in LLLT studies.
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sic dose response with positive effects (difference in integrated area
under the curve of time course of wound size compared to no treatment
control) seen in low doses with a clear maximum seen at 2 J/cm2, and the
high dose of 50 J/cm2 actually gave a worsening of the wound healing
time curve i.e. there was a greater expansion of the wound compared with
non-treated controls.

4.3. Rat arthritis

In another in vivo study (Castano et al. 2007) we investigated whether
LLLT using an 810-nm laser could have a therapeutic effect in a rat
model of inflammatory arthritis caused by zymosan injected into their
knee joints. In this model the severity of the arthritis is quantified by
measuring the diameter of the swollen joint every day and plotting a time
course for each joint. We compared illumination regimens consisting of
a high and low fluence (3 and 30 J/cm2), delivered at high and low irra-
diance (5 and 50 mW/cm2) using 810-nm laser light daily for 5 days, with
the positive control of conventional corticosteroid (dexamethasone)
therapy. 

As shown in Figure 12 three of the illumination regimens were effec-
tive in reducing the mean integrated knee swelling almost as much as the
positive control of the powerful steroid, dexamathasone; these were 3
J/cm2 delivered at 5 mW/cm2 and 30 J/cm2 delivered at 50 mW/cm2

both of which took 10 minutes, and 30 J/cm2 delivered at 5 mW/cm2

which took 100 minutes. The only ineffective dose regimen was 3 J/cm2

FIGURE 11. Biphasic dose response in measured difference in integrated area under the curve of
time course of wound size compared to no treatment control, with a clear maximum seen at 2 J/cm2,
and the high dose of 50 J/cm2 gave a worsening of the wound healing time curve.
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delivered at 50 mW/cm2 which took the comparatively short time of 1
minute to deliver. This observation led us to propose that the illumina-
tion time was an important parameter in some LLLT applications.

5. POSSIBLE EXPLANATIONS FOR BIPHASIC DOSE RESPONSE IN LLLT

The repeated observations that have been made of the biphasic dose
response phenomenon in LLLT require some explanation. The natural
assumption that is frequently made is, that if a small dose of red or near-
infrared light produces a significant therapeutic effect, then a larger dose
should produce an even more beneficial effect. This natural assumption
is frequently not the case. We here propose three possible explanations
for the existence of the biphasic dose response based upon mechanistic
considerations outlined in section 2. 

5.1. Excessive ROS

As discussed in 2.5 the light mediated generation of reactive oxygen
species has been observed in many in vitro studies and has been proposed
to account for the cellular changes observed after LLLT via activation of
redox sensitive transcription factors (Chen et al. 2009a). The evidence of

FIGURE 12. Dose response of illumination time found in a study of 810-nm laser to treat zymosan-
induced arthritis in rats. Integrated curves of knee circumference versus time were compared. Three
LLLT regimens were equally successful where the illumination time was either 100 minutes or 10
minutes, but the ineffective regimen only had a 1 minute illumination time.
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ROS mediated activation of NF-κB in MEF cells presented in 4.1 provides
additional support for this hypothesis (Chen et al. 2009a). It is well-accept-
ed that ROS can have both beneficial and harmful effects (Huang and
Zheng 2006). Hydrogen peroxide is often used to kill cells in vitro (Imlay
2008). Other ROS such as singlet oxygen (Klotz et al. 2003) and hydroxyl
radicals (Pryor et al. 2006) are thought to be harmful even at low con-
centrations. The concept of biphasic dose response in fact is well estab-
lished in the field of oxidative stress (Day and Suzuki 2005). If the gener-
ation of ROS can be shown to be dose dependent on the delivered ener-
gy fluence this may provide an explanation for the stimulation and inhi-
bition observed with low and high light fluences.

5.2. Excessive NO

The other mechanistic hypothesis that is put forward to explain the
cellular effects of LLLT relates to the photolysis of nitrosylated proteins
that releases free NO (see section 2.6). Again the literature has many
papers that discuss the so-called two-faced or “Janus” molecule NO
(Anggard 1994; Lane and Gross 1999). NO can be either protective or
harmful depending on the dose and particularly on the cell or tissue type
where it is generated (Calabrese 2001a).

5.3. Activation of a cytotoxic pathway

The third hypothesis to explain the biphasic dose response of LLLT
is the idea that the protective and stimulatory effects of light occur at low
doses, but there is an additional pathway that leads to damaging effects of
light that only occurs at high doses, and effectively overwhelms the ben-
eficial effects of low doses of light. Work from South China Normal
University provides some support for this hypothesis. Low doses of LLLT
were found to phosphorylate hepatocyte growth factor receptor (c-Met),
and initiate signaling via cyclic AMP and Jun kinase and Src (Gao and
Xing 2009). By contrast, high dose LLLT was found to induce apoptosis
via a mitochondrial caspase-3 pathway and cytochrome c release was
attributed to opening of the mitochondrial permeability transition pore
caused by high-level intracellular reactive oxygen species (ROS) genera-
tion (Wu et al. 2009). A secondary signaling pathway through Bax activa-
tion was observed (Wu et al. 2009). 

6. SUMMARY AND CONCLUSION

LLLT delivered at low doses tends to work better than the same wave-
length delivered at high levels, which illustrates the basic concept of bipha-
sic dose response or hormesis (Calabrese 2001b). In general, fluences of
red or NIR as low as 3 or 5 J/cm2 will be beneficial in vivo, but a large dose
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like 50 or 100 J/cm2 will lose the beneficial effect and may even become
detrimental. The molecular and cellular mechanisms LLLT suggest that
photons are absorbed by the mitochondria; they stimulate more ATP pro-
duction and low levels of ROS, which then activates transcription factors,
such as NF-κB, to induce many gene transcript products responsible for
the beneficial effects of LLLT. ROS are well known to stimulate cellular
proliferation of low levels, but inhibit proliferation and kill cells at high
levels. Nitric oxide is also involved in LLLT, and may be photo-released
from its binding sites in the respiratory chain and elsewhere. It is possible
that NO release in low amounts by low dose light may be beneficial, while
high levels released by high dose LLLT may be damaging. The third pos-
sibility is that LLLT may activate transcription factors, upregulating pro-
tective proteins which are anti-apoptotic, and generally promote cell sur-
vival. In contrast, it is entirely possible that different transcription factors
and cell-signaling pathways, that promote apoptosis, could be activated
after higher light exposure. We believe that further advances in the mech-
anistic understanding of LLLT will continue to be made in the near
future. These advances will lead to greater acceptance of LLLT in main-
stream medicine and may lead to LLLT being used for serious diseases
such as stroke, heart attack and degenerative brain diseases. Nevertheless
the concept of biphasic dose response or LLLT hormesis (low levels of
light are good for you, while high levels are bad for you) will remain.
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Low Level Laser Therapy 
Know Physiology 

 
1) Increased ATP 
 
 The Universal Mechanism 
 Cytochrome c Oxidase 
 
 Improves Strength 
 Improves Range of Motion 
 Accelerates Healing 
 Enhances Gene Expression: immunity, neurotransmitters, hormones, etc. 
 Sodium Pump: pain inhibition 
 Aspartate/Glutamate Pump: reduces neurodegenerative diseases 
 Reduces Free Radical Production 
 
2) Inhibits COX enzymes / inflammatory eicosanoids 
 
 Pain Control 
 Cancer Connection 
 Reduces Free Radical Production 

Degenerative Joint Disease—Artery Disease—Autoimmunity—    
Neurodegeneration, etc. 

 
3) Upregulates the Endogenous Antioxidant Array 
 
 Glutathione 
  Master Antioxidant 
  Master Detoxification 
 
4) Scar Tissue Degradation 
 
 Improves Range of Motion 
 
 Improves Local Mechanoreception and Systemic Neurology 
 
 Visceral Applications 
 
5) Improve Neuron Function 
 
 Action Potential 
 Synaptogenesis/Neuroplasticity 
 
6) Upregulates Hormone Sensitive Lipase 
 
 Lipolysis 
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The Burden of Low Back Pain and Non-Thermal Laser Therapy 

 
 Two recent studies highlight the seriousness of the low back pain problem in 
America today. 
 
 The first study is published in the journal Public Library of Science (PLoS) One 
and states (1): 
 
 “Non-specific low back pain is one of the most common and costly 
 healthcare problems in society today.” 
 
 “The burden of disabling low back pain on individuals, families, 
 communities, industries and societies is substantial and is now the 
 leading cause of activity limitation and work absence in the world.” 
 
 The second study is published in the journal Pain Medicine, and states (2): 
 
 “Chronic pain is a major worldwide problem.” 
 
 “In the United States, it is estimated that more than 100 million 
 people suffer from chronic pain, with costs between $560 and $635 
 billion dollars per year.” 
 
 “These numbers do not describe the full impact that chronic pain has 
 on productivity, quality of life, and human suffering.” 
 
 “To treat pain, the use of opioids has increased dramatically over the 
 last several decades, with 9.6 to 11.5 million adults or approximately 
 3%–4% of the adult US population having been prescribed long-term 
 opioid therapy.” 
 
 “Opioids have limited effectiveness for chronic pain and are 
 accompanied by substantial risk of adverse outcomes including 
 addiction, overdose, and deaths.” 
 
 
 Pain can affect any region of the body. By far, the most common region for 
chronic pain is the low back (3). The primary reason people go to chiropractors is 
for the management of low back pain, and quality published surveys show that 
these patients are highly satisfied with the benefits achieved with chiropractic care 
(4). 
 
 As a rule, pain begins as an inflammatory cascade (5). Often, this 
inflammatory cascade is driven by excessive inflammatory eicosanoid hormones.  
(6, 7, 8). Low-level laser therapy has proven to inhibit this pain enhancing 
inflammatory cascade (9, 10). 
 

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight



 2 
 It is rare for a chiropractor to approach a patient’s low back complaint with a 
single intervention. Rather, it is common for chiropractors to use a number of 
evidence-based interventions, including spinal adjusting (11), omega-3 fatty acid 
supplements (12), vitamin D supplements (13), heel lifts (14), and more. The most 
recent (July 19, 2018) adjunct to obtain FDA market clearance for the management 
of chronic low back pain is non-thermal low-level laser therapy. This FDA 510(k) 
market clearance was granted to Erchonia Corporation of Melbourne, Florida. 
Erchonia was the first laser company to be granted an FDA market clearance in 
2002 for neck and shoulder pain, and has now accumulated 22 additional FDA 
market clearances. 
 
 The Erchonia device to be granted this recent chronic low back pain market 
clearance is their FX 635 Laser. The study submitted was a placebo-controlled, 
randomized, double-blind, parallel group, multi-center clinical study. The success 
criteria were defined as a minimum of a 30% decrease in chronic low back pain and 
35% of patients in the treated group would experience the minimum pain reduction 
compared to the placebo group. Overall, 72% of patients met the success criteria.  
 

    
 
  Steven Shanks, President of Erchonia stated,  
 
 “We believe we have demonstrated that the use of non-thermal lasers 
 has proven to be a far better option for treating low back pain than 
 that of opioids or NSAIDS.” 
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 3 
 Adding non-thermal low-level laser therapy to chiropractic clinical practice 
gives chiropractors another proven and FDA market cleared modality for the 
management of one of the world’s most common, persistent, and costly disorders. 
 
Dan Murphy, DC 
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