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Rethinking the Origin of Chronic Pain

ntil relatively recently, most clinicians

(and even many pain researchers)

considered the majority of chronic
pain to be due to ongoing peripheral
nociceptive activity (eg, due to damage or
inflammmation) in peripheral tissues. In a
few instances, this lack of concordance
between damage/inflammation and
pain is well known. For example,
nearly all clinicians understand
that there is a poor relationship
between the results of magnetic
resonance imaging or computed
tomography scans of the back,
and the presence or absence
of lumbar pain.
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Figure 1. Mechanistic characterization of pain.

NSAID, nonsteroidal anti-inflammatory drug; TMJD, temporomandibular joint disorder

However, very few realize that there is not a sin-
gle chronic pain state where any radiographic, surgi-
cal, or pathologic description of peripheral nociceptive
damage has been reproducibly shown to reliably iden-
tify which individuals will be experiencing pain, or how
severe that pain will be. The reason for this appears
to be that both the peripheral and central nervous
systems (PNS/CNS) play critical roles in determining
which nociceptive input detected by sensory nerves
in the peripheral tissues will lead to the perception
of pain in humans. Many individuals with significant
peripheral nociceptive input will not experience pain,
and others without any identifiable peripheral noci-
ceptive input will experience severe pain.

A central tenet of this review is that within any spe-
cific diagnostic category, individual patients may have
markedly different peripheral nociceptive and neural
contributions to their pain. Thus, just as low back pain
has long been acknowledged to have multiple poten-
tial mechanisms and thus has sometimes been referred
to as a mixed pain state, it is becoming more likely that
all chronic pain syndromes may in fact be mixed pain
states. This term implies that within each diagnostic
category, individuals may have markedly different rea-
sons for their pain. Some individuals will have pain pri-
marily due to peripheral nociceptive input, whereas in
others peripheral (eg, peripheral sensitization) or CNS
factors (central sensitization, or centralization, of pain
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via augmented pain processing in the spine and brain)
may be playing an equally or even more prominent
role in their pain and other symptoms.

Making this distinction is critical from a clinical
standpoint because both the drug and non-drug ther-
apies that will work for any given chronic pain patient
might be much better guided by a nuanced view of
the mechanisms of the pain rather than knowing from
which of these diagnoses the patient is suffering. This
is not a new concept, having first been raised more
than a decade ago by Mitchell Max, and later Clifford
Woolf and others.?3 However, these authors opined
that we should do this in the future; this review sug-
gests that we might finally have made enough scien-
tific progress in the pain field to begin implementing
these techniques in clinical practice.

Figure 1 briefly describes at least 3 different under-
lying mechanisms that can be operative in chronic
pain states: peripheral nociceptive, peripheral neuro-
pathic, and central neuropathic (or centralized) pain.
Some authors use the term neuropathic pain for any
pain of neural origin, whereas others reserve this term
for conditions where there is identifiable damage to
the nervous system. We acknowledge this, but pre-
fer to use the term central (or centralized) pain to
refer to the fact that the CNS (rather than the PNS) is
prominently involved in maintaining the pain. This dis-
tinction between peripheral neuropathic pain (where
peripherally directed therapies such as topical treat-
ments, injections, and/or surgery might be helpful, and
should be considered) and central neuropathic pain
(where these generally are not options) is extremely
important.

Of note, although specific diagnoses are noted in
Figure 1 as being considered peripheral nociceptive,
peripheral neuropathic, or central neuropathic (cen-
tralized), this is meant to indicate the category in
which each of the diagnoses has historically been con-
sidered to reside. Again, the emphasis of this review
is that some individuals with any chronic pain state
have evidence that they have centralized their pain
and should likely be treated with centrally acting treat-
ments, whereas other individuals with conditions such
as fibromyalgia or irritable bowel syndrome (IBS) may
have peripheral contributions to their pain that may
need to be identified and treated.

Fibromyalgia as the Prototypical
Centralized Pain State

The term central pain was originally used to
describe individuals who developed pain after a

stroke or spinal cord lesion. In this case, central
referred to the fact that the lesion leading to pain
occurred within the CNS—either spinal cord or brain.
More recently, however, the term has expanded to
describe any CNS dysfunction or pathology that may
be contributing to the development or maintenance
of chronic pain. Another term that often has been
used to describe this same phenomenon is central
sensitization. Using this term can cause some confu-
sion because just like central pain, the original mean-
ing of central sensitization in the pain field referred to
a specific spinal cord mechanism that is now realized
to be one of many potential causes of augmented
CNS pain processing.*

Central pain, as newly defined, originally was
thought to be confined to individuals with idiopathic
or functional pain syndromes, such as fibromyalgia,
headache, IBS, temporomandibular joint disorder,
and interstitial cystitis.>® These pain syndromes have
been shown to be familial/genetic, and to strongly
coaggregate in individuals and families.”® The symp-
toms experienced by individuals with central pain syn-
dromes have been well characterized and consist of
multifocal pain (with a high current and lifetime his-
tory of pain in many bodily regions), and a cluster of
co-occurring somatic symptoms (ie, fatigue, sleep dis-
turbances, memory difficulties).®? Even if individuals
are identified as having a new onset of a regional pain
syndrome, closer questioning often reveals very high
rates of pain in other bodily regions, and other somatic
symptoms in addition to pain.®

Using a large Swedish twin registry, Kato and col-
leagues performed a series of studies first showing the
comorbidities with chronic widespread pain. They later
examined a number of these central, or functional, pain
syndromes and the relationship of symptoms to those
of depression and anxiety.° These studies clearly dem-
onstrated that functional somatic syndromes such as
fibromyalgia, chronic fatigue syndrome, IBS, and head-
ache have latent traits (eg, multifocal pain, fatigue,
memory, and sleep difficulties) that are different from
(but overlap somewhat with) psychiatric conditions
such as anxiety and depression. The notion that there
are 2 overlapping sets of traits, one being pain and
sensory amplification and the other being mood and
affect, also is supported by genetic studies of idio-
pathic pain syndromes.”

Current evidence suggests that genetic factors
are approximately 50% responsible for overall sensi-
tivity to experimental pain, and that the same genes
that have been identified as increasing sensitivity to
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Figure 2. Drugs for pain based on underlying mechanisms.
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experimental pain also make individuals more likely
to develop chronic pain over the course of their life-
time. There are at least 5 sets of genes that have been
shown to both change an individual’s pain sensitivity
and increase their likelihood of developing one or more
chronic pain states. These include COMT (an estrogen-
sensitive enzyme that may play a more prominent role
in females); a number of sodium channel mutations;
GTP cyclohydroxylase (GCH/); types 2 and 3 adrener-
gic receptors; and a potassium channel gene (KCNS).™
6 The genes have been most consistently shown to
confer a higher risk for pain sensitivity or the devel-
opment of chronic pain, but not all studies have con-
firmed these findings.>1718

As with most illnesses that may have a familial or
genetic underpinning, environmental factors may play
a prominent role in triggering the development of fibro-
myalgia and other central pain states. Environmental
stressors temporally associated with the development
of either fibromyalgia or chronic fatigue syndrome
include early life trauma; physical trauma (especially
involving the trunk); certain infections such as hepati-
tis C, Epstein-Barr virus, parvovirus, and Lyme disease;
and emotional stress. The disorder also is associated
with other regional pain conditions or autoimmune dis-
orders.®2 Of note, each of these stressors only triggers
the development of fibromyalgia and/or chronic fatigue
syndrome in approximately 5% to 10% of individuals
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who are exposed; the overwhelming majority of indi-
viduals who experience these same infections or other
stressful events regain their baseline state of health.

Although fibromyalgia, IBS, and other central pain
states were originally felt to be autoimmune or inflam-
matory diseases (ie, fibrositis, spastic colitis) and then
later believed not to be, recent findings are leading to
a reconsideration of whether subtle inflammatory or
peripheral changes may be responsible for some of
the symptoms seen. Furthermore, studies suggest that
maintenance of central augmentation requires persis-
tent noxious peripheral input, even in syndromes such
as IBS and fibromyalgia, which are characterized by
the absence of well-defined, localized, pain-causing
lesions.?? A recent study of 68 patients with fibromy-
algia and myofascial pain syndromes and 56 patients
with fibromyalgia and regional joint pain showed that
peripheral trigger-point injections and hydroelectro-
phoresis ameliorate fibromyalgia pain and increase
pain thresholds at sites distant from the therapeutic
interventions, providing further evidence that painful
peripheral stimuli contribute to the perpetuation of cen-
tral augmentation interventions.?®

Role of Central Factors in Classic Peripheral
Nociceptive Input Disorders

Historically, the “disease” of osteoarthritis (OA) has
been viewed primarily as damage to the cartilage and
bone. As such, the magnitude of damage or inflamma-
tion of these structures should predict symptoms. Pop-
ulation-based studies suggest otherwise; 30% to 50%
of individuals with moderate to severe radiographic
changes of OA are asymptomatic, and approximately
10% of individuals with moderate to severe knee pain
have normal radiographs.?#2> Psychological factors do
account for some of this variance in pain and other
symptoms, but only to a small degree.?627 This failure of
peripheral damage, inflammation, or even psychologi-
cal factors to explain the presence, absence, or sever-
ity of chronic pain should not be surprising. To date, no
chronic pain state involves a strong relationship between
peripheral factors and the level of pain reported.

The work done to date supports the hypothesis of
OA as a mixed pain state, and in some individuals CNS
factors are highly influential. Central factors may be
playing a pivotal role in OA, which helps to explain
the fact that comorbid somatic symptoms known to
be associated with central pain conditions (eg, fatigue,
sleep problems) are very commonly present in OA,
and are not explained by a purely peripheral model of
this disorder.?®22 Moreover, both quantitative sensory

testing and functional neuroimaging studies suggest
that patients with OA display diffuse hyperalgesia to
mechanical or heat stimuli, some of which normalizes
following hip arthroplasty. This further suggests that
the central factors were being at least partly driven
by peripheral nociceptive input.*°-33 Finally, recent
randomized controlled trials have demonstrated that
compounds that alter pain neurotransmitters centrally
such as serotonin and norepinephrine (eg, duloxetine
[Cymbalta, Lilly], milnacipran [Savella, Forest], tricy-
clics) are efficacious in OA.3435

Basing Pharmacologic Therapy on
Underlying Mechanism(s) of Pain

Figure 2 shows the classes of drugs that seem most
effective in different underlying mechanisms of pain.
For peripheral nociceptive, noninflammatory pain
states such as OA, treatment guidelines typically rec-
ommend first using acetaminophen, and then non-
steroidal anti-inflammatory drugs (NSAIDs). It is now
generally thought that acetaminophen is safer, but less
effective, than NSAIDs. Although opioids previously
had been considered to be very useful for pain refrac-
tory to these treatments, the latest meta-analyses of
opioids in OA challenge this notion, and generally rec-
ommend against opioid use.3¢

Although older studies supported the fact that tri-
cyclic compounds may be effective in OA, these drugs
have significant toxicity, especially in the elderly.
Because of this, newer drugs that also are likely working
by increasing serotonergic and noradrenergic activity,
such as tramadol and duloxetine, are more commonly
used. Although many in the pain field strongly sus-
pect that these latter centrally acting analgesics (this
term is used cautiously because most analgesics have
potential peripheral and central mechanisms) will be
more effective in individuals with peripheral nocicep-
tive pain that has centralized to date, there have been
no studies that have definitively proved this.

In inflammatory, peripheral pain states such as rheu-
matoid arthritis, a whole host of anti-inflammatory or
disease-modifying drugs also are used in addition
to the above drugs. It is likely that these drugs both
directly decrease pain by reducing inflammation, and
also reduce peripheral sensitization that may occur
due to ongoing inflammation.

The classes of drugs that preferentially work for neu-
ropathic or centralized pain states again include the sero-
tonin-norepinephrine reuptake inhibitors (eg, tricyclics,
tramadol, duloxetine) as well as the 026 calcium chan-
nel ligands (pregabalin [Lyrica, Pfizer] and gabapentin).
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Peripheral pain syndromes (including both inflam-
matory and noninflammatory peripheral pain, and
peripheral neuropathic pain) also can be treated with
topical agents or injections. Injections of corticoste-
roids, hyaluronic acid preparations (for OA in joints that
can be injected), agents that ablate nerves, or capsa-
icin (effective in both OA and neuropathic pain) are all
therapeutic options.

Summary

Advances in our understanding of pain over the past
decade are finally making the dream of personalized
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