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“The Brain’s Exciting Poisons”
“Neurons of the brain rarely regenerate, so each dead neuron is one less
we have for thinking.”
“One of the fascinating ironies of neuronal life and death is that glutamate,
the most essential neurotransmitter in the brain, is also one of the biggest
killers of neurons.”
The brain stores a large quantity of glutamate. “An ominous observation is that
when you apply [a small excess] amount of glutamate to the outside of
isolated neurons, they die within minutes.”
“The voracious metabolic rate of the brain demands a constant supply of
oxygen and glucose” to generate enough ATP to keep the neuron’s
glutamate and ion pumps working hard.
“If blood flow ceases, as in cardiac arrest [‘stroke, brain trauma, seizures,
oxygen deficiency,’ and {insulin resistance}], neural activity will stop
within seconds, and permanent damage will result within a few minutes.”
“Excess glutamate depolarizes neurons, which raises intracellular Ca++
which causes still more glutamate to be released.” [feedback loop]
“When glutamate reaches high concentrations,
overexciting them, a process called excitotoxicity.”
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“The NMDA type of glutamate channel is a critical player in excitotoxicity
because it is the main route for Ca++ entry.”
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“Neuron damage or death occurs because of stimulation by Ca++ of
intracellular enzymes that degrade proteins, lipids, and nucleic acids.
Neurons literally digest themselves.”
“Excitotoxicity has recently been implicated in several progressive
neurodegenerative diseases, such as amyotrophic lateral sclerosis (ALS,
also known as Lou Gehrig’s disease, Alzheimer’s disease, and Parkinson’s
disease.”
“Glutamate receptor antagonists can obstruct these excitotoxic cascades
and minimize neuronal suicide.”
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Amyotrophic Lateral Sclerosis
A small percentage of ALS cases are genetic and linked to a “mutation
affecting the enzyme superoxide dismutase.” “Superoxide radicals are
extremely reactive and can inflict irreversible cellular damage.”
“Another suspected cause of ALS is excitotoxicity,” “overstimulation by the
excitatory neurotransmitter glutamate and closely related amino acids can
cause the death of otherwise-normal neurons.”
“The slow accumulation of damage from toxic by-products of cellular
metabolism probably occurs in all neurons and contributes to neuronal
death over the lifespan of all people.”
“This loss of neurons may not be inevitable. Vitamin C and E readily accept
electrons from superoxide radicals and can be neuroprotective. Dietary
supplement with these vitamins may help stem the tide of neuronal loss
that occurs in the brain as we grow older.”
Stress and the Brain
Chronic stress damages the brain.
“Stress leads to the release of the hormone cortisol from the adrenal
cortex. Cortisol travels to the brain through the bloodstream and binds to
receptors in the cytoplasm of many neurons.”
“The direct effect of cortisol is damage to the hippocampus. These effects
of cortisol and stress resemble the effects of aging on the brain.” “Chronic
stress causes premature aging of the brain.”
“One consequence of cortisol’s action is that neurons admit more Ca++
through voltage-gated ion channels.”
“Too much Ca++ can be a bad thing. If neurons become overloaded with
Ca++, they die (excitotoxicity).”
“Several brain regions are implicated in pain suppression, including the
periaqueductal gray matter (PAG).”
“Electrical stimulation of the PAG can cause profound analgesia.”
“PAG neurons send descending axons into various midline regions of the
medulla, particularly to the raphe nuclei, which use the neurotransmitter
serotonin. These medullary neurons project axons down to the dorsal
horns of the spinal cord, where they can effectively depress the activity of
nociceptive neurons.”
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“Opioids produce profound analgesia when taken systemically. They also
produce mood changes, drowsiness, mental clouding, nausea, vomiting,
and constipation.”
Exogenous opioids include opium, morphine, codeine, and heroin.
Endogenous opioids are called endorphins.
Both exogenous and endogenous opioids use the opioid receptors that are
concentrated in the PAG and raphe nucleus.
Opioids exert multiple effects, including “suppressing the release of
glutamate from presynaptic [nociceptive] terminals and inhibiting pain.”
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Abstract
IMPORTANCE: Long-acting opioids increase the risk of unintentional overdose deaths but

also may increase mortality from cardiorespiratory and other causes.
OBJECTIVE: To compare all-cause mortality for patients with chronic noncancer pain who

were prescribed either long-acting opioids or alternative medications for moderate to severe
chronic pain.
DESIGN, SETTING, AND PARTICIPANTS: Retrospective cohort study between 1999 and

2012 of Tennessee Medicaid patients with chronic noncancer pain and no evidence of
palliative or end-of-life care.
EXPOSURES: Propensity score-matched new episodes of prescribed therapy for long-acting

opioids or either analgesic anticonvulsants or low-dose cyclic antidepressants (control
medications).
MAIN OUTCOMES AND MEASURES: Total and cause-specific mortality as determined from

death certificates. Adjusted hazard ratios (HRs) and risk differences (difference in incidence of
death) were calculated for long-acting opioid therapy vs control medication.
RESULTS: There were 22,912 new episodes of prescribed therapy for both long-acting

opioids and control medications (mean [SD] age, 48 [11] years; 60% women). The long-acting
opioid group was followed up for a mean 176 days and had 185 deaths and the control
treatment group was followed up for a mean 128 days and had 87 deaths. The HR for total
mortality was 1.64 (95% CI, 1.26-2.12) with a risk difference of 68.5 excess deaths (95% CI,
28.2-120.7) per 10,000 person-years. Increased risk was due to out-of-hospital deaths (154
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long-acting opioid, 60 control deaths; HR, 1.90; 95% CI, 1.40-2.58; risk difference, 67.1; 95%
CI, 30.1-117.3) excess deaths per 10,000 person-years. For out-of-hospital deaths other than
unintentional overdose (120 long-acting opioid, 53 control deaths), the HR was 1.72 (95% CI,
1.24-2.39) with a risk difference of 47.4 excess deaths (95% CI, 15.7-91.4) per 10,000
person-years. The HR for cardiovascular deaths (79 long-acting opioid, 36 control deaths)
was 1.65 (95% CI, 1.10-2.46) with a risk difference of 28.9 excess deaths (95% CI, 4.6-65.3)
per 10,000 person-years. The HR during the first 30 days of therapy (53 long-acting opioid, 13
control deaths) was 4.16 (95% CI, 2.27-7.63) with a risk difference of 200 excess deaths
(95% CI, 80-420) per 10,000 person-years.
CONCLUSIONS AND RELEVANCE: Prescription of long-acting opioids for chronic noncancer

pain, compared with anticonvulsants or cyclic antidepressants, was associated with a
significantly increased risk of all-cause mortality, including deaths from causes other than
overdose, with a modest absolute risk difference. These findings should be considered when
evaluating harms and benefits of treatment.
PMID: 27299617

PMCID: PMC5030814 [Available on 2017-06-14]

DOI: 10.1001/jama.2016.7789
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Abstract
IMPORTANCE: National data show a parallel relationship between recent trends in opioid

prescribing practices and hospitalizations for opioid poisonings in adults. No similar
estimates exist describing hospitalizations for opioid poisonings in children and adolescents.
OBJECTIVE: To describe the incidence and characteristics of hospitalizations attributed to

opioid poisonings in children and adolescents.
DESIGN, SETTING, AND PARTICIPANTS: Retrospective analysis of serial cross-sectional

data from a nationally representative sample of US pediatric hospital discharge records
collected every 3 years from January 1, 1997, through December 31, 2012. The Kids'
Inpatient Database was used to identify 13 052 discharge records for patients aged 1 to 19
years who were hospitalized for opioid poisonings. Data were analyzed within the collection
time frame.
MAIN OUTCOMES AND MEASURES: Poisonings attributed to prescription opioids were

identified by codes from the International Classification of Diseases, Ninth Revision, Clinical
Modification. In adolescents aged 15 to 19 years, poisonings attributed to heroin were also
identified. Census estimates were used to calculate incidence per 100 000 population. The
Cochran-Armitage test for trend was used to assess for changes in incidence over time.
RESULTS: From 1997 to 2012, a total of 13 052 (95% CI, 12 500-13 604) hospitalizations for

prescription opioid poisonings were identified. The annual incidence of hospitalizations for
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opioid poisonings per 100 000 children aged 1 to 19 years rose from 1.40 (95% CI,
1.24-1.56) to 3.71 (95% CI, 3.44-3.98), an increase of 165% (P for trend, <.001). Among
children 1 to 4 years of age, the incidence increased from 0.86 (95% CI, 0.60-1.12) to 2.62
(95% CI, 2.17-3.08), an increase of 205% (P for trend, <.001). For adolescents aged 15 to 19
years, the incidence increased from 3.69 (95% CI, 3.20-4.17) to 10.17 (95% CI, 9.48-10.85),
an increase of 176% (P for trend, <.001). In this age group, poisonings from heroin increased
from 0.96 (95% CI, 0.75-1.18) to 2.51 (95% CI, 2.21-2.80), an increase of 161% (P for trend,
<.001); poisonings involving methadone increased from 0.10 (95% CI, 0.03-0.16) to 1.05
(95% CI, 0.87-1.23), an increase of 950% (P for trend, <.001).
CONCLUSIONS AND RELEVANCE: During the course of 16 years, hospitalizations attributed

to opioid poisonings rose nearly 2-fold in the pediatric population. Hospitalizations increased
across all age groups, yet young children and older adolescents were most vulnerable to the
risks of opioid exposure. Mitigating these risks will require comprehensive strategies that
target opioid storage, packaging, and misuse.
PMID: 27802492

DOI: 10.1001/jamapediatrics.2016.2154
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Abstract
Some prior research has examined pain-related variables based on prescription opioid dose,
but data from studies involving patient-reported outcomes have been limited. This study
examined the relationships between prescription opioid dose and self-reported pain intensity,
function, quality of life, and mental health. Participants were recruited from two large
integrated health systems, Kaiser Permanente Northwest (n=331) and VA Portland Health
Care System (n=186). To be included, participants had to have musculoskeletal pain
diagnoses and be receiving stable doses of long-term opioid therapy (LTOT). We divided
participants into three groups based on current prescription opioid dose in daily morphine
equivalent doses (MED): Low Dose (5 - 20 mg MED), Moderate Dose (20.1 - 50 mg MED),
and Higher Dose (50.1 - 120 mg MED) groups. A statistically significant trend emerged where
higher prescription opioid dose was associated with moderately-sized effects including
greater pain intensity, more impairments in functioning and quality of life, poorer self-efficacy
for managing pain, greater fear avoidance, and more healthcare utilization. Rates of potential
alcohol and substance use disorders also differed among groups. Findings from this
evaluation reveal significant differences in pain-related and substance-related factors based
on prescription opioid dose.
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Neck Pain, Preoperative Opioids, and Functionality After Cervical
Fusion.
Faour M, Anderson JT, Haas AR, Percy R, Woods ST, Ahn UM, Ahn NU.

Abstract
The use of opioids among patients with workers' compensation claims is associated with
tremendous costs, especially for patients who undergo spinal surgery. This study compared
return-to-work rates after single-level cervical fusion for degenerative disk disease between
patients who received opioids before surgery and patients who underwent fusion with no
previous opioid use. All study subjects qualified for workers' compensation benefits for injuries
sustained at work between 1993 and 2011. The study population included 281 subjects who
underwent single-level cervical fusion for degenerative disk disease with International
Classification of Diseases, Ninth Revision, and Current Procedural Terminology code
algorithms. The opioid group included 77 subjects who received opioids preoperatively. The
control group included 204 subjects who had surgery with no previous opioid use. The
primary outcome was meeting return-to-work criteria within 3 years of follow-up after fusion.
Secondary outcome measures after surgery, surgical details, and presurgical characteristics
for each cohort also were collected. In 36.4% of the opioid group, return-to-work criteria were
met compared with 56.4% of the control group. Patients who took opioids were less likely to
meet return-to-work criteria compared with the control group (odds ratio, 0.44; 95%
confidence interval, 0.26-0.76; P=.0028). Return-to-work rates within the first year after fusion
were 24.7% for the opioid group and 45.6% for the control group (P=.0014). Patients who
used opioids were absent from work for 255 more days compared with the control group
(P=.0001). The use of opioids for management of diskogenic neck pain, with the possibility of
surgical intervention, is a negative predictor of successful return to work after fusion in a
workers' compensation population. [Orthopedics. 201x; xx(x):xx-xx.].
Copyright 2016, SLACK Incorporated.
PMID: 27755643

DOI: 10.3928/01477447-20161013-02
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Abstract
STUDY DESIGN: Retrospective comparative cohort study.
OBJECTIVE: Examine the effect of prolonged preoperative opioid use on return to work

(RTW) status after single-level cervical fusion for radiculopathy.
SUMMARY OF BACKGROUND DATA: The use of opioids has a dramatic effect in a workers'

compensation population. The costs of claims that involved opioids in the management plan
are catastrophic particularly for those undergoing spinal surgical procedure.
MATERIALS: Data of patients who underwent single-level cervical fusion for radiculopathy

and had received opioid prescriptions before surgery were retrospectively collected from Ohio
Bureau of Workers' Compensation between 1993 and 2011 after work-related injury. Then,
based on opioid use duration, short-term use (STO) group (<3 mo), intermediate-term use
(ITO) group (3-6 mo), and long-term use (LTO) group (>6 mo) were constructed. A
multivariate logistic regression analysis was used to determine whether successful RTW
status was achieved. Chi-square and analysis of variance tests were used to compare other
secondary outcomes after surgery.
RESULTS: Prolonged preoperative opioid use was a negative predictor of successful RTW

status (odds ratio = 0.73; 95% confidence interval: 0.55-0.98; P value: 0.04). Prolonged
preoperative opioid use was associated with increasingly lower rates of achieving stable RTW
status (P < 0.05) and RTW within 1 year after surgery (P < 0.05). The odds of achieving
successful RTW status were 0.49 (0.25-0.94) for ITO, and 0.40 (0.24-0.68) for LTO compared
with STO group. The odds of RTW less than 1 year after surgery were 0.43 (0.21-0.88) for
ITO and 0.36 (0.21-0.62) for LTO compared with STO group. Prolonged preoperative opioid
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use was also associated with increasingly higher net medical costs (P < 0.01), and disability
benefits awarded after surgery (P < 0.01).
CONCLUSION: Prolonged preoperative opioid use was associated with poor functional

outcomes after cervical fusion. STO and earlier inclusion of the surgical approach in the
management plan may offer better surgical and functional outcomes after cervical fusion.
LEVEL OF EVIDENCE: 3.
PMID: 27224882

DOI: 10.1097/BRS.0000000000001715
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Candace Beebe Pert (June 26, 1946 – September 12, 2013) was an American
neuroscientist and pharmacologist who discovered the opiate receptor, the cellular
binding site for endorphins in the brain. In 1974 Candace Pert earned a Ph.D. in
pharmacology from Johns Hopkins University School of Medicine, where she worked
in the laboratory of Solomon Snyder and discovered the brain’s opiate receptor.
•••••
Science; 1973 Mar 9;179(4077):1011-4.
Opiate receptor: demonstration in nervous tissue.
Pert CB, Snyder SH; John Hopkins
Tritiated naloxone, a powerful opiate antagonist, specifically binds to an opiate
receptor of mammalian brain. Competition for the opiate receptor by various
opiates and their antagonists closely parallels their pharmacological potency. The
opiate receptor is confined to nervous tissue.
•••••
Science; 1977 Jul 8;197(4299):183-6.
Pain relief by electrical stimulation of the central gray matter in humans
and its reversal by naloxone.
Hosobuchi Y, Adams JE, Linchitz R
Relief of intractable pain was produced in six human patients by stimulation of
electrodes permanently implanted in the periventricular and periaqueductal gray
matter. These results suggest that satisfactory alleviation of persistent pain in
humans may be obtained by electronic stimulation.
“periaqueductal gray pain”
The Brain, The Last Frontier,
Richard Restak, MD
Warner Books, 1979
“Within the periaqueductal gray, a deep-seated brainstem area lying along the floor
of the third ventricle, neurosurgeons at the University of California in San Francisco
placed indwelling stimulating electrodes for pain relief in six patients afflicted with
chronic, unremitting pain. Whenever the patients began to experience pain, they
were able to shut it off via the activation of a battery-operated stimulator about the
size of a pack of cigarettes. After activating the stimulator, all six patients—in
accordance with earlier findings in other pain patients—experienced dramatic, longlasting, and repeatable pain relief.”
“In order to test the hypothesis that pain relief was genuine and not just an
example of a ‘placebo response,’ one patient was outfitted with a stimulator
containing a ‘dead’ battery. The patient, a fifty-one-year-old woman with severe
back and leg pain caused by cancer of the colon, anxiously reported that her pain
had returned and the stimulator ‘wasn’t working.’ Replacement of a new battery led
to immediate pain relief.” pp. 341-342

1

Descending Pain Inhibitory Control System
Descending pathways modify the activity of all ascending systems, including
responses to noxious stimuli.
The best understood of these is the raphespinal tract, which arises from neurons in
the raphe nuclei of the medullary reticular formation, mainly those of the nucleus
raphes magnus, and use serotonin as a neurotransmitter.
The nucleus raphes magnus is itself is influenced by descending fibers from the
periaqueductal gray matter of the midbrain.
Electrical stimulation of the nucleus raphes magnus or the periaqueductal gray
matter causes profound analgesia.
An electrode sterotaxically implanted into the periaqueductal gray matter enables
a patient to relieve pain instantly when switching on an electrical stimulator. The
analgesia often lasts for several hours after cessation of the stimulation.
Barr’s The Human Nervous System, An Anatomical Viewpoint, John A Kiernan,
Lippincott-Raven, 1998, pp351-352.
•••••
Electrical stimulation (through implanted electrodes) of the periaqueductal gray of
the midbrain causes analgesia so profound that major surgery can then be
performed without the aid of an anesthetic.
Stimulation of the periaqueductal gray of humans can ameliorate intractable pain.
The periaqueductal gray receives inputs from the hypothalamus and several
cortical areas. [IMPORTANT]
Efferents from the periaqueductal gray then project to one of the raphe nuclei
(nucleus raphe magnus) of the rostral medulla and caudal pons, and to adjacent
areas of the medullary reticular formation.
These areas in turn project to superficial laminae of the posterior horn via a
pathway that travels through the posterior part of the lateral funiculus,
suppressing the transmission of pain information by spinothalamic neurons.
Opium and its derivatives, especially morphine, have long been used for pain
control, and one way they work is by activating the periaqueductal gray-raphe
nucleus pain-control system at multiple levels.

2
Opiate receptors are found in abundance in the periaqueductal gray, nucleus raphe
magnus, and superficial laminae of the posterior horn.
Serotonin-containing neurons of the raphe magnus, when stimulated by projection
neurons of the periaquectudal gray, inhibit spinothalamic tract neurons either
directly or by making excitatory synapses on inhibitory enkephalin containing
neurons in the substantia gelatinosa (dorsal horn).
Microinjection of opiates at any of these three sites causes analgesia.
Opiate receptors are also found at a number other sites in the CNS, accounting for
some of the other effects of morphine and related drug.
The system can be activated by inputs that stimulate the periaqueductal gray.
Serotonergic neurons are found at most levels of the brainstern, but are
concentrated in the raphe nuclei.
Serotonergic projections from the rostral raphe nuclei reach the forebrain,
providing a cortical innervation that is most dense in sensory and limbic areas.
Serotonergic neurons play a role in modulating the general activity levels of the
CNS.
In addition, it seems clear that the serotonin system has at least one other
important role, as part of the descending pain control system.
The Human Brain, An Introduction To Its Functional Anatomy, John Nolte, Mosby,
1999, pp. 270-271, p. 274.
•••••
An even more potent counterbalance to nociception [other than segmental
mechanoreceptor stimulation to close the segmental pain gate] has been found.
Stimulation of the periaqueductal gray region, produces a profound analgesia.
Periaclueductal gray neurons make excitatory connections with neurons of the
rostroventral medulla, in particular with serotonergic neurons in the midline of the
nucleus raphe magnus.
These serotonergic neurons in the midline of the nucleus raphe magnus project via
the dorsal part of the lateral funiculus to the spinal cord and make inhibitory
connections with neurons in the dorsal horn.

3
Stimulation of these neurons inhibits dorsal horn neurons, including neurons of the
spinothalamic tract that respond to noxious stimulation.
Other descending inhibitory systems that suppress the activity of nociceptive
neurons in the dorsal horn originate in the noradrenergic locus ceruleus and other
nuclei of the medulla and pons.
These descending projections block the output of neurons in the dorsal horn by
both direct and indirect inhibitory actions.
They also interact with endogenous opioid-containing circuits in the dorsal horn.
Opiates such as morphine and codeine are effective analgesic agents.
The periaqueductal gray region is the most sensitive sites for eliciting opiate (such
as morphine) induced analgesia.
Morphine and other opiates produce analgesia by activating descending inhibitory
pathways.
Opiates are endogenous peptides that cause powerful analgesia by acting directly
on the central nervous system (rather than on pain receptors in the periphery).
There are three classes of endogenous opioid peptides, the best known are the
enkephalins.
Morphine is a chemical that binds to opioid peptide receptor sites and causes
powerful analgesia.
There are three major classes of opiate receptors: mu, delta, and kappa.
The muOR are highly concentrated in the periaqueductal gray matter, the ventral
medulla, and in the dorsal horn of the spinal cord, all of which are important in the
regulation of pain.
Opiates attach to opiate receptor sites (like muOR) and cause hyperpolarization of
nociceptive membrane potentials, making them harder to depolarize (harder to
reach excitation threshold and to fire an action potential).
Opiate receptors are found in many other sites of the central and peripheral
nervous systems, which explains the many other physiological effects of
systemically administered morphine.
Principles of Neural Science, Eric Kandel, et.al., 2000, pp. 482-485.
•••••
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An important aspect of nociception is that transmission along pain pathways is
modulated by descending systems.
Stimulation of the periaqueductal gray matter leads to a loss of sensitivity to
painful stimuli.
The mechanism for this effect is an inhibition of transmission along nociceptive
pathways at the spinal level.
This finding led to the development of therapies for intractable pain that involved
stimulating the periaqueductal gray with implanted electrodes. Such stimulation
alleviates pain, but patients do not lose tactile sensitivity.
Descending modulation of pain sensitivity is mediated by the descending
projections from the periaqueductal gray to two nuclear groups in the medulla: the
raphe nucleus, which lies at the midline, and neurons in the lateral portion of the
reticular formation.
These neurons in turn give rise to descending projections to the spinal cord that
travel in the dorsolateral funiculus and terminate in the dorsal horn.
The axons from the raphe nucleus contain the neurotransmitter serotonin (5-HT);
the descending axons from the reticular formation contain norepinephrine.
The descending circuits that modulate transmission along nociceptive pathways
are thought to operate in part by useing opioid peptides as their neurotransmitter.
When activated, these neurons release enkephalin near the synapses between the
primary afferent and the second order neuron.
Enkephalin then inhibits transmission between the primary afferent and the second
order neuron.
It is thought that enkephalin acts both presynaptically and postsynaptically, that
is, by inhibiting release from primary afferent terminals and by exerting a
postsynaptic inhibitory action on the second-order neurons of the nociceptive
pathway.
Opiate-containing neurons in the periaqueductal gray and medulla activate
neurons that give rise to the descending pathways.
Functional Neuroscience, Oswald Steward, Springer, 2000, pp. 218-219.

The Initial Effects of a Cervical Spine Manipulative Physiotherapy
Treatment on the Pain and Dysfunction of Lateral Epicondylalgia
Pain; November 1996; Vol. 68; No. 1; pp. 69-74.
Bill Vicenzino, David Collins, Anthony Wright; University of Queensland
“A significant treatment effect beyond placebo or control was demonstrated.”
“This study has demonstrated a clear hypoalgesic effect of a manipulative therapy
technique in the period immediately following its application in a group of patients
with lateral epicondylalgia.”
“The beneficial effects of treatment [cervical manipulation] may continue after its
application.”
The author’s theoretical model to explain their results involved manipulative
therapy activation of the hypoalgesic effects of the endogenous supraspinal pain
inhibitory systems.
“The [manipulative] treatment technique used in this study provided a non-noxious
sensory input at the cervical spine which resulted in a reduction of elbow pain that
outlasted the duration of its application.” This is thought to activate the descending
pain inhibitory system [DPIS] as a major component of their pain-relieving effects.”
The DPIS is activated by stimulation of the periaqueductal grey (PAG).
“These findings indicate that manipulative therapy may constitute an adequate
physical stimulus for activating DPIS.”
A common finding in other studies “was the predominance of hypomobility at the
lower cervical motion segments. It is feasible that part or all of the impairment in
this study were “projected from the hypomobile cervical spine motion segment(s),
and that the improvements gained following application of the [manipulative]
technique resulted from treating the source of the pain.”
“Manipulative therapy [may] recruit the DPIS, through which it exerts a portion or
all of its pain relieving effects. That is, manipulative therapy applied to the cervical
spine produces a sensory input which could be sufficient to activate DPIS.”
“In a group of patients with LE, a manipulative therapy treatment technique applied
to the lower cervical spine produced hypoalgesia at the elbow as manifest by
increased pressure pain threshold, increased grip strength, improved
neurodynamics and reduced pain over a 24 h period. This finding substantiates
clinical observations that manipulative therapy is capable of producing
improvements in pain and function immediately following application.”
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The Role of the Descending Inhibitory Pain Mechanism in Musculoskeletal
Pain Following High-Velocity, Low Amplitude Thrust Manipulation
A Review of the Literature
Journal of Back and Musculoskeletal Rehabilitation
2014; Vol. 27; No. 4; pp. 377–382
Christos Savva, Giannis Giakas, Michalis Efstathiou
“The purpose of this review is to explore the role of the DIPM (descending inhibitory
pain mechanism) in musculoskeletal pain following HVLAM (high-velocity, low
amplitude thrust manipulation) as well as to identify the pain-relieving importance
of this technique within clinical practice.”
KEY POINTS FROM THIS ARTICLE:
1)
“Musculoskeletal pain is one of the most common complaints for which
patients attend hospitals.”
2)
“Musculoskeletal disorders often lead to chronic disability and increases the
expenses of public health.”
3)
“Patients who suffer from musculoskeletal pain often report difficulties and
limitations to perform their daily activities and job tasks and often present
impairments in their physical performance, loss of function and reduced quality of
life.”
4)
“Based on the kinetic chain principles that the upper and lower limb along
with the spine is a kinetic chain of linked segments working together to perform
daily movement and activity, the development of painful musculoskeletal disorders
in these regions provoke muscle imbalances and alters the patient’s normal
movement patterns.”
5)
“HVLAM is an alternative treatment method and it is used as an analgesic
modality for the rehabilitation of musculoskeletal dysfunctions including low back
pain, neck pain, chronic ankle sprain, cervicogenic headache and dizziness etc.”
6)
HVLAM “has been used by physiotherapists, osteopaths and chiropractors for
more than 2000 years and it is recommended by the majority of international
clinical guidelines due to its immediate analgesic effect on musculoskeletal pain.”
7)
“The anti-nociceptive effect of high-velocity, low amplitude thrust
manipulation (HVLAM) has been recognized by numerous systematic reviews.”
8)
“Many studies have investigated the mechanism of hypoalgesia induced by
the application of manipulation in humans and animals suggesting that, the
excitation of the descending inhibitory pain mechanism (DIPM) might play the most
important role for musculoskeletal pain relief.”
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9)
An increasing number of studies have suggested that HVLAM may excite the
descending inhibitory pain mechanism (DIPM), which “might play the most
important role for musculoskeletal pain relief.”
10) “Findings from current literature support that HVLAM has a profound influence
on nociceptive stimulus via the possible activation of the DIPM.”
11) HVLAM “activates the periaqueductal gray region area of the midbrain,
stimulates the noradrenergic descending system and at the level of the spinal cord,
the nociceptive afferent barrage is reduced and mechanical hypoalgesia is induced.”
12) “The clinical importance of the activation of the DIPM should not be ignored
since the resulted analgesic effect of this technique can provide a window of
opportunity to restore impaired physical performance and disability.”
13) “Noxious stimuli generated by pathology of the musculoskeletal system are
initially transferred to the dorsal horn of the spinal cord and then to the pain center
located in the cerebral cortex of the brain.” [1]
14) “The PAG [periaqueductal gray] has been found to be an important
component of the central nervous system with regard to post-manipulation
hypoalgesia.” The DIPM projected from the periaqueductal gray region (PAG) of the
midbrain to the dorsal horn of the spinal cord, has a profound role in regulating
pain related signals at the spinal cord level. [2]
15) Activation of the DIPM inhibits the nociceptive afferent barrage at the level of
the spinal cord and produces immediate analgesic effect on musculoskeletal pain.
16)

From the PAG to the spinal cord, two different descending systems exist:

•
The noradrenergic control system utilizes noradrenaline [norepinephrine] to
inhibit pain. When this system is activated, it causes a temporary excitation of the
sympathetic nervous system.
•
The serotonergic control system which uses the serotonin to increase the
thermal nociceptive threshold. When this system is activated, it produces
sympathetic inhibition.
17) HVLAM provokes an immediate activation of the PAG [2], excites the
noradrenergic [norepinephrine] descending system and produces pain inhibition
along with a period of sympathetic excitation. “The mechanical hypoalgesic effect
occurs within minutes of manipulation and is associated with an increase in
pressure pain threshold.” “HVLAM does not modulate sensitivity to thermal pain
suggesting that the serotonergic control system may not be stimulated.”
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18) “Both mobilization and manipulation techniques induce hypoalgesia via the
activation of DIPM.” Both techniques produce hypoalgesia through the exact same
mechanism.
19) The analgesic effect of mobilization and manipulation occurs within minutes
as a consequence of sympathetic excitation, but the “evaluation of these techniques
in the next few hours could reveal thermal hypoalgesia and sympathetic inhibition.”
[Important]
20) “HVLAM used as an analgesic modality due to the possible activation of the
DIPM can provide a window of opportunity to manage patients’ symptoms and
retrain the impaired motor function.”
21) “When using HVLAM to produce pain inhibition, the patient is able to perform
pain-free movements which were restricted due to pain.”
22) To inhibit pain, HVLAM can be applied on the injured joint or on a joint
proximal to the affected joint. [Adjusting the precise painful joint is not
necessary because adjacent joints are also capable of initiating the DIPM].
23) HVLAM, through its immediate analgesic effect on musculoskeletal pain, can
enable physiotherapists, osteopaths and chiropractors to “improve the limited joint
mobility and restore the muscle imbalance around the area of symptoms.”
24) “Activation of the DIPM might play the most important role with regard to
post-manipulation hypoalgesia.” [Key Point]
25) “HVLAM combined with conventional treatment such as strengthening,
stretching and functional exercises can therefore contribute to improve range of
motion, increase joint function and integrity and treat the altered proprioceptive
input and movement patterns in order to restore impaired physical performance
and disability.”
COMMENTS FROM DAN MURPHY [See Graphic Below]
The key message from this study is that the pain reduction noted immediately after
being adjusted is not primarily attributed to biochemistry/neurology changes at the
adjusted joint, but rather are primarily attributed to activating the supra-segmental
descending pain inhibitory control system, which involves the periaqueductal gray
matter of the mesencephalon. This is very important because it is established that
the periaqueductal gray is itself influenced by the hypothalamus. This adds to the
evidence for explaining how spinal adjusting can influence a number of aspects of
systemic physiology, as the hypothalamus controls whole body homeostasis, the
pituitary gland, and the autonomic nervous system.

