
The Greatest Complicating Factor in Chiropractic 

Treatment Success - Inflammation

Metabolic Inflammatory Factors That 

Mimic or Contribute to NMS Disorders 
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DAMPs – Damage associated 

molecular patterns; tissue 

degeneration

HAMPs – Homeostatic 

associated molecular patterns; 

metabolic induced systemic 

inflammation

PAMPs – Pathogen associated 
molecular patterns; infection 
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The Growing Problem 

with Inflammation

Projected Change

1985-2020

Age 15-44 years 0%

Age 45-64 years +75%

Age >65 years +60%

Population Growth +28%
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“A greater proportion of M1 macrophages are present in 

muscle at both 3 and 6 months after IVD lesion, and 

adipose tissue at 6 months. Total number of macrophages 

is unchanged. At 6 months, expression of TNF is increased 

in adipose and connective tissue and the proportion of 

TNF expressed by M1 macrophages is increased.”

When Inflammation Prevents 

Rehabilitation

James et al.  MACROPHAGE POLARIZATION CONTRIBUTES TO LOCAL INFLAMMATION AND 

STRUCTURAL CHANGE IN THE MULTIFIDUS MUSCLE AFTER INTERVERTEBRAL DISC INJURY. 

European Spine Journal, 2018;27:1744–1756.



“Sciatic symptoms due to lumbar disc herniation are likely to be 

caused not solely by mechanical compression of the nerve 

root, but also by pain-inducing elements from inflammatory 

processes.”

“Regarding M1-related cytokines, high levels of TNF-α, TNFR1, 

IL-6, IL-8, and IFN-γ were all associated high VAS scores. 

Results regarding M2-related cytokines revealed the opposite: 

high levels of both IL-4 and IL-10 were associated with lower 

VAS scores.”

Djurik et al.  THE CONTRADICTORY EFFECT OF MACROPHAGE-RELATED CYTOKINE 

EXPRESSION IN LUMBAR DISC HERNIATIONS: A SYSTEMATIC REVIEW. European 

Spine Journal (2020) 29:1649–1659.

Radiculitis
Compression or Inflammation?



Chronic NSAID use is associated with 

significant adverse event rates.

While NSAIDs may offer short term symptom 

relief, they are “resolution toxic”.

Acute stage NSAID use increases the risk of 

transitioning to chronic pain.

NSAIDs for Inflammation



Inexpensive solution?  - Treatment costs NSAID 

complication are $1.9 billion annually. 

While NSAIDs may offer short term symptom relief 

they are documented to increase radiographic 

progression of degeneration – “Resolution toxic”.

Several herbal phenolics actually provide 

comparable symptomatic relief and are trophic 

rather than dystrophic.

NSAIDs for Inflammation



100,000 hospitalizations, 20,000 deaths 

annually from GI bleeding events. 

1.7 million hospitalizations in the past 

20 years.

Why?  - Between 20-30% of US adults 

take them daily.

NSAIDs and Inflammation



“It is now very apparent that certain widely used drugs, as well 

as those in experimental settings, are “resolution-toxic” in that 

they derange or impair timely and/or complete resolution.”

“This is most notable in the case of the inhibition of COX-2 

with selective COX-2 inhibitors, where these inhibitors block 

the production of PGE2 and PGD2, which play important roles 

in bringing about resolution. Their findings also underscore the 

role of COX-2 and its products in both the initiation of acute 

inflammatory response as well as its resolution.”

Sherhan et al. RESOLUTION OF INFLAMMATION: STATE OF THE ART, 

DEFINITIONS AND TERMS. FASEB J. 2007 Feb; 21(2): 325–332.

NSAIDs Are Resolution Toxic



“In conclusion, in our in vitro system of endothelial 

inflammation, DHA reduced inflammation and 

induced a pro-resolution profile of oxylipins, while 

hydrocortisone blunted both pro-inflammation and 

pro-resolution pathways.”

Resolution Toxicity of COX 

Inhibition

Motta et al.  OXYLIPIN PROFILING IN ENDOTHELIAL CELLS IN VITRO – EFFECTS OF DHA 

AND HYDROCORTISONE UPON AN INFLAMMATORY CHALLENGE. Prostaglandins and 

Other Lipid Mediators, 2019;144:106352.
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Rethinking Inflammation and Our Patients

The typical chiropractic patient today is more inflamed 

than the were 20-30 years ago.  Care concepts have 

been slower to adapt to that reality.

“Indeed, chronic inflammatory diseases have been recognized as 

the most significant cause of death in the world today, with more 

than 50% of all deaths being attributable to inflammation-related 

diseases such as ischemic heart disease, stroke, cancer, 

diabetes mellitus, chronic kidney disease, non-alcoholic fatty liver 

disease (NAFLD) and autoimmune and neurodegenerative 

conditions.”

Furman et al.  CHRONIC INFLAMMATION IN THE ETIOLOGY OF DISEASE ACROSS THE LIFE 

SPAN.  Nature Medicine, 2019;25:1822–1832.
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Inflammatory Aspects of Diet

High refined carbohydrate and sugar diet

Imbalanced omega-6 to Omega-3 intake

High saturated fat diet

Low phenol diet



1990s – Adipose tissue produces inflammatory 

cytokines

2000s – Circulating inflammatory markers are 

higher in obese persons versus matched normal 

weight controls.

2000s – Many foods/nutrients influence the 

inflammatory process as well as obesity risk.

The Food/Obesity/Inflammatory 

Relationships

Calder P.  DIETARY FACTORS AND LOW-GRADE INFLAMMATION IN RELATION 

TO OVERWEIGHT AND OBESITY REVISITED.  British Journal of Nutrition, 

2022;127:1455-1457.



PubMed Citations



“The phenomenon of post-prandial inflammation is described: 

both high simple sugar and high fat meals induce a elevated 

inflammation in the hours following consumption, and there is 

a view that this is part of the link between poor quality diets 

and the risk of non-communicable diseases.”

“Inclusion of fiber, some plant polyphenolic compounds or 

omega-3 fatty acids, among others, in the meal can mitigate 

its effects on inflammation.”

The Food/Obesity/Inflammatory 

Relationships

Calder P.  DIETARY FACTORS AND LOW-GRADE INFLAMMATION IN RELATION 

TO OVERWEIGHT AND OBESITY REVISITED.  British Journal of Nutrition, 

2022;127:1455-1457.



Lifestyle driven inflammatory 

activation

High glycemic load diet drives NFκB 

transcription – Insulin driven HAMPs

Central adiposity induces inflammatory 

cytokines production

Food sensitivities

VLDLTrig/HDL >2.5*

*sensitivity=88%, specificity=72%

NAFLD
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The Insulin Resistance Cascade
Too Little, Too Late



DR – 59 YO F

Non-HDL C = 148





Patient RS



Hypothetical



Sugar:fiber =   

1:1



DR – 59 YO F

Trig/HDL  2.5:1

Non-HDL C = 142



Apo B

Apo A1

LDL Cholesterol  
125 mg/dL

Apo A1 Pattern

LDL Cholesterol 
125 mg/dL

Apo B Pattern 



LDL 178

VLDL 42

Atherogenic     220

Trig 171

HDL 46

Trig/HDL           3.7

Apo B              143



LDL 152

VLDL 25

Atherogenic     177

Trig 126

HDL 57

Trig/HDL           2.2

Apo B              116



BBR Metformin Rosiglitisone

FBG  (Pre) 185 196 163

(Post) 137 (26%) 137 (30%) 135 (17%)

HbA1c 8.3 9.4 8.3

6.8 (18%) 7.2 (23%) 6.8 (17%)

TG 150 150 168

124 (18%)    142 (5%) 142 (16%)

From Zhang et al  - Metab. 

Clin. Exp, 2009

Berberine in Type Two Diabetes



Inflammatory Aspects of Diet

High refined carbohydrate and sugar diet

Imbalanced omega-6 to Omega-3 intake

High saturated fat diet

Low phenol diet



Our ancestral diet was though to contain > 6 grams 

of omega-3 FAs daily

It also contained an Omega-6 : Omega-3 ratio of 

+/- 2:1

Current EPA and DHA intake averages about 90 

mgs daily with 1.5 grams of ALA.

Eat or supplement!

The Omega-3 and Omega-6 Fatty 

Acids and Inflammatory Resolution



Cell membrane omega fatty 

acid balance

Both omega-6 and omega-3 fatty acids are 

needed for optimal inflammatory control.

The optimal omega-6:omega-3 is between 2:1 

and 4:1.

Cell membrane measurements are important in 

optimizing omega FA balance.



What are the Omega-3 and 

Omega-6 Targets?
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Arnardottir et al.  AGING DELAYS RESOLUTION OF ACUTE INFLAMMATION IN MICE: REPROGRAMMING 

THE HOST RESPONSE WITH NOVEL NANO-PRORESOLVING MEDICINES. J Immunol. 2014;193:4235-44.

“Aging is associated with an overt inflammatory 

phenotype and physiological decline. We found that 

aged mice had both delayed resolution and reduced 

SPMs. The SPM precursor docosahexaenoic acid 

accelerated resolution via increased SPMs and 

promoted human monocyte reprogramming.”

SASP, SPMs and Omega-3s

•. 2022 Jun 9;14(12):2408
•. 2022 Jun 9;14(12):2408

•. 2022 Jun 9;14(12):2408

“In fully adjusted models, risk for incident AD in the highest 

RBC DHA quintile (Q5) was 49% lower compared with the 

lowest quintile (Q1) (Hazard ratio [HR]: 0.51, 95% confidence

interval [CI]: 0.27, 0.96).”

Sala-Vila et al.  Red Blood Cell DHA Is Inversely Associated with Risk of Incident Alzheimer's Disease and 

All-Cause Dementia: Framingham Offspring Study. Nutrients. 2022 Jun; 14(12): 2408.



Inflammatory Aspects of Diet

High refined carbohydrate and sugar diet

Imbalanced omega-6 to Omega-3 intake

High saturated fat diet

Low phenol diet
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Inflammatory Aspects of Diet

High refined carbohydrate and sugar die
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Curcumin 

Resveratrol



Epicatechin, catechin, epigallocatechin 3-gallate, 

quercetin, quercetin 3-glucoside, berberine, rutin, linoleic 

acid, oleanolic acid, oleic acid, chlorogenic acid, gallic 

acid, hesperidin, and corosolic acid are promising 

phytocompounds that showed great activity against 

diabetes and diabetes complications in vitro and in vivo.

Akdad et al. ANTIDIABETIC PHYTOCOMPOUNDS ACTING AS GLUCOSE TRANSPORT 

STIMULATORS.  Endocr Metab Immune Disord Drug Targets, 2022 May 10. Online ahead of print.

Phytochemicals Enhancing Insulin 

Sensitivity



Orhan et al.  PROTECTIVE EFFECT OF A NOVEL 

POLYHERBAL FORMULATION ON EXPERIMENTALLY 

INDUCED OSTEOARTHRITIS IN A RAT MODEL. 

Biomedicine & Pharmacotherapy, 2022;151:113052.

The Impact Curcumin 

& Boswellia on OA 



Van Breemen et al.   CYCLOOXYGENASE-2 INHIBITORS IN 

GINGER. Fitoterapia, 2011; 82:38-43.

They weakly inhibit NĸFB and therefore allow 

sufficient COX enzyme activity for SPM 

production.

They are highly selective to inducible COX-2, 

sparing constitutive COX-1.

Inherent Safety of Herbal Polyphenols 

in Inflammatory Inhibition



Polyphenolic 

Research/Literature
Polyphenolic “Inflammation” Total

Curcumin 494 2497 5222  19,021

Resveratrol 386 2026 4930 15,572

Green Tea 238 4732

Berberine

Ginger 74 4783 1568       400

Silymarin 71 1753

Grape Seed 60 1129

Boswellia Serrata 28 136 258       832

Rosemary 22 233

Quercetin 1822 23,195
PubMed – August, 2012

- April, 2022



“Perhaps no single phenomenon contributes 

more to medical burden in industrialized 

societies than non-resolving inflammation.” 

“The problem with inflammation is not how 

often it starts, but how often it fails to subside.”

Nathan C, Ding A.  NONRESOLVING INFLAMMATION. Cell, 2010;140:871-882.

The Essence if Chronic 

Inflammation
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Vagal stimulation

The transition from the inflammatory to anti-

inflammatory/pro-resolving state is mediated by 

the vagus nerve.

Inflammation does not “burn itself out” but it rather 

is suppressed by production of specialized pro-

resolving mediators or SPMs from cell membrane 

omega-3 FAs. 

Stimulation of the vagus nerve elicits the splenic 

cholinergic anti-inflammatory pathway.
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After 12 weeks, five of 10 patients in the stimulation 

groups had a clinically meaningful response, measured by 

changes in Disease Activity Score in 28 joints and C-

reactive protein (DAS28-CRP). Two patients achieved 

DAS28-CRP remission, but there was an "overall lack of 

DAS response in the sham group," Genovese reported.

In the stimulation groups, there was also a drop of more 

than 30% in levels of interleukin (IL)-1-beta, IL-6, and TNF-

alpha.

European League Against Rheumatism (EULAR) 2019 

Congress: Abstract LB0009. Presented June 15, 2019.

Vagus Nerve Stimulation in 

Treatment Non-responsive RA



Vagal Nerve Stimulation

PubMed 2015 2022

VNS 8941 11,286

VNS/Inflam 292 585

Epilepsy

GI motility disorders

Depression/anxiety

Stroke & TBI recovery

Cognitive function

Sleep

Atrial fibrillation

Heart failure

SVT in pregnancy

Rheumatoid arthritis

Inflammation

Primary headache

Gastric mucosal injury

IBD

Obesity

Hypertension

Diabetes



“VNS interacts with the body’s immune

system to modify inflammatory tone by altering the 

release of pro- and anti-inflammatory cytokines.”

“There is an overwhelming evidence to suggest 

that vagus nerve is an important component of the 

immune response and manipulating vagal tone is a 

way to modulate the immune system.”

Johnson RL, Wilson CG.  A REVIEW OF VAGUS NERVE STIMULATION AS A 

THERAPEUTIC INTERVENTION. Journal of Inflammation Research 2018:11 203–213.

Vagus Nerve Stimulation as Anti-

inflammatory Therapy



Emerging Research on tVNS

Vagal nerve stimulation additionally appears to act through 

celiac ganglion stimulation to have similar pro-resolving 

effects on resident macrophages in diverse group of 

innervated/tissue/organs.

Phenols with pro-resolving effects appear to be positive 

allosteric modulator of a7-nACh receptor in diverse tissues.

“Collectively, our results indicate that curcumin is a positive 

allosteric modulator of a7-nACh receptor and reverses 

nociception in mouse models of tonic and visceral pain.”
El Nebrisi et al. CURCUMIN ACTS AS A POSITIVE ALLOSTERIC MODULATOR OF A7-NICOTINIC ACETYLCHOLINE RECEPTORS AND 

REVERSES NOCICEPTION IN MOUSE MODELS OF INFLAMMATORY PAINS. J Pharmacol Exp Ther, 2018;365:190–200.
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tVNS Parameters

Stimulate the left tragus

Current parameters:

10-30 hz (vary weekly)

200 usec

1-2 mA – light perception

15 minutes

Contraindications

Implanted stimulators (cardiac, vagal);

atrial fibrillation;

Precautions

Asthma, COPD, Atrial fib, orthostatic intolerance

Bonaz B.  PARAMETERS MATTER: MODULATING CYTOKINES USING NERVE STIMULATION.  

Bioelectronic Medicine, 2020;6, #12.



Redgrave et al.  SAFETY AND TOLERABILITY OF TRANSCUTANEOUS VAGUS

NERVE STIMULATION IN HUMANS; A SYSTEMATIC REVIEW.  Brain Stimulation, 

2018;11:1225-1238.

tVNS has been safe and well tolerated by research 

participants to date.

The most common side effect of tVNS was skin irritation 

(in 18.2%).

35 (2.6%) tVNS treated participants dropped out of 

studies due to side effects.

3 serious adverse events were “possibly” due to tVNS

(out of 1322 participants treated).

Symptomatic bradycardia occurred in 1 (0.08%) subject.

Safety and Tolerability of tVNS



Age Related Immune Functional 

Changes – Thymic Involution

The thymus gland reaches peak weigh at about 10 

years.

It declines 3% yearly until the third decade.  - 60%

Decline continues from the 3rd decade at 1% per 

year until death. - 80% by age 50



Thymus Involution

“Together, these findings demonstrate that age-related thymic 

involution is involved not only in immunosenescence associated 

with the insufficient output of naïve T cells, but also in the 

emergence of inflammaging via the increased release of 

autoreactive T cells.”

“Therefore, therapeutically targeting thymic involution should 

present a promising strategy for attenuating chronic inflammation, 

thereby reducing a major risk factor associated with morbidity and 

mortality in virtually every chronic age-related disease.”

Coder B, Su D-M.  THYMIC INVOLUTION BEYOND T-CELL 

INSUFFICIENCY. Oncotarget. 2015 Sep 8; 6(26): 21777–21778.



Sadaro et al.  CALORIC RESTRICTION IN HUMANS REVEALS IMMUNOMETABOLIC

REGULATORS OF HEALTH SPAN. SCIENCE, 2022;375:671-677.

“We report that about 14% CR for 2 years in healthy 

humans improved thymopoiesis and was correlated 

with mobilization of intra-thymic ectopic lipid. CR-

induced transcriptional reprogramming in adipose 

tissue implicated pathways regulating mitochondrial 

bioenergetics, anti-inflammatory responses, and 

longevity.”

Caloric Restriction Thymus Glad 

Regeneration





Pershin et al. THE INFLUENCE OF PULSED INFRARED LASER RADIATION ON THE HORMONE 

PRODUCTION IN THE THYMUS (AN EXPERIMENTAL STUDY. Vopr Kurortol Fizioter Lech Fiz Kult, Jul-Aug 

2011;(4):39-42.

Local irradiation with pulsed (1500 Hz) low-energy infrared laser 

light of the thymus and thyroid gland region caused well-apparent 

stimulation of alpha-1-thymosin production in the healthy animals 

and normalized its level in the stressed ones. Similar stimulation of 

alpha-1-thymosin biosynthesis was observed in an experiment 

with direct laser irradiation of the cultured HTSC epitheliocytes

from the human thymus.

Increasing Alpha-1-thymosin

https://pubmed.ncbi.nlm.nih.gov/?term=Pershin+SB&cauthor_id=21988030


“Our results reveal that red/NIR light does not change 

the cytokine profile in non-activated macrophages. To 

the contrary, in activated macrophages, light inhibits 

the production of pro-inflammatory cytokines (TNF-α, 

IL-1 and IL-6) up to two times and activates the 

secretion of anti-inflammatory cytokines (IL-10 and 

TGF-β) by several times.”

Golovynska et al.  MACROPHAGES MODULATED BY RED/NIR LIGHT: 

PHAGOCYTOSIS, CYTOKINES, MITOCHONDRIAL ACTIVITY, CA2+ INFLUX, 

MEMBRANE DEPOLARIZATION AND VIABILITY.  Photochemistry and Photobiology, 

27 September 2021.

Photobiomodulation and 

Inflammatory Regulation







Autophagy





Inflammation, such a problem…

… but so many solutions!



For Monday…

• Look and talk about diet

• Have resolution supplies in the 

warehouse

• Add phenolics from herbs

• Use vagal nerve stimulation

• Broadly target with laser

• Stimulate autophagy


