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What do we mean when we talk 
about pain? Traditionally pain is 
defined as an unpleasant  sensory 

and emotional experience associated with 
actual or potential tissue damage.1 Pain can 
result when intense or noxious stimuli activate 
peripheral nociceptors. It serves as a warn-
ing against impending tissue damage and 
acts reflectively to protect against or minimize  
that damage.  

We have known since the time of Descartes 
about the existence of an ascending sensory 

pain pathway that sends “distress” signals from 
the source of tissue damage to the brain. We 
also know of the Gate Control theory described 
by Melzack and Wall in 1965, in which stimula-
tion of the skin evokes responses that transmit 
signal injury to transmission cells (the “gate”) in 
the dorsal horn of the spinal cord that continues  
to the brain, triggering response signals that 
modulate the activity of inhibitory cells (which 
close the “gate”), thereby decreasing the inten-
sity of pain.2 But how do we explain pain in 
the absence of tissue damage, pain that is not  
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triggered in the periphery, that often appears 
long after the noxious stimulus has stopped 
exerting its unpleasant effect? 

Types of chronic pain
An estimated 160 million American adults suf-
fer from chronic pain, defined as pain that lasts 
more than 3 months after onset and well into 
the phase of healing.3 According to a 2006 
report from the Centers for Disease Control 
and Prevention with a special focus on pain, 
almost 57% of adults age 65 or older and 
37% of younger adults ages 20–44 reported 
pain that lasted one year or more [Figure 1].4 

Chronic pain exacts a cost of between $560 
billion and $635 billion annually in medical 
treatment and lost productivity.5  There is a 
tremendous need to understand the molecu-
lar and cellular mechanisms of chronic pain in 
an effort to develop new, more effective treat-
ments for these patients. This understanding 
may result from our recent advances in visu-
alizing the peripheral and central processes 
involved in pain. The emerging data suggest 
that for some individuals central factors play 
a key role in the maintenance and estab-
lishment of certain chronic pain conditions. 
That is, for some, the problem is really not in  
the periphery.

Knee and hip pain. When peripheral tis-
sue damage is unavoidable, the inflamed tis-
sues and those nearby become hypersensitive, 

a protective response to guard the area during 
the period of healing. Conditions like chronic 
low-back pain and knee or hip osteoarthritis 
classically have been thought to be due to 
inflammation or damage to tissues in the back, 
knee, or hip. However, recent studies show that 
these conditions may have complex factors 
entailing both the peripheral and central ner-
vous systems. 	

Analysis of data from the National Health 
and Nutrition Examination Survey (NHANES I) 
of patients with radiographic evidence of struc-
tural damage to the knee due to osteoarthri-
tis found discordance between the amount 
of damage visible on x-ray and patients’ self-
report of the degree of pain.  In 319 patients 
with radiographic stage 2–4 knee osteoarthri-
tis, only 47% reported knee pain, suggesting 
that something more than the degree of tis-
sue injury was involved in the perception of 
pain.6,7 One explanation of these findings is 
that pain is a complex system incorporating 
structural changes, peripheral and central pain 
mechanisms, and subjective factors, including 
the patient’s history, psychological experience, 
genetics, and culture. 

Diabetic neuropathy and postherpetic 
neuralgia. Chronic neuropathic pain results 
when there is actual damage to the nervous 
system—the peripheral nerve, dorsal root, or 
central nervous system. Peripheral neuropathic 
pain occurs after damage or alterations to sen-
sory neurons. Some neuropathic pain disorders, 
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    FIGURE 1: Pain duration by age group, 1999-2002 

Source: Centers for Disease Control and Prevention, National Center for Health Statistics, Health, United States, 2006. Data from the 
National Health and Nutrition Examination Survey. 
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Table 1

Fibromyalgia 
may be 
considered 
the 
prototypical 
central pain 
disorder 

such as diabetic neuropathy and postherpetic 
neuralgia, are well-defined disorders in which 
symptoms are unrelated to a stimulus and 
pain is related to peripheral as well as cen- 
tral processing.8 

Stroke. Central poststroke pain, in which 
pain and hypersensitivity occurs in a body part 
due to injury to the corresponding part of the 
brain affected by the cerebrovascular lesion, is 
also considered a neuropathic pain syndrome. 
The onset of central poststroke pain typically 
occurs more than one month after the stroke, 
and exists with somatosensory abnormali-
ties.9-11 For these types of neuropathies, altered 
function due to loss or damage of neuronal tis-
sue is likely the cause of the pain condition.

Many of the people suffering from these 
central chronic pain conditions find it difficult 
to obtain relief, and probably will not ben-
efit from surgeries or manipulations in the 
periphery. Instead, they may benefit from a 
targeted approach that addresses the central  
nervous system. 

Recent studies on fibromyalgia  
and pain
Fibromyalgia (FM) may be considered the proto-
typical central pain disorder, in which the pain 
originates or is maintained in part in the central 
nervous system. Although new diagnostic cri-
teria are being validated for this disorder, FM 
classically has been diagnosed by the detec-
tion of 11 of 18 tender points and the pres-
ence of chronic widespread pain for 3 months  
or longer.12 

FM is a common disorder found to affect 
between 2% and 4% of the US population.13 
It was  one of the first disorders shown to have 
central factors predominant in the pathology, 
and as a result it has been the focus of numer-
ous studies. Irritable bowel syndrome and 
chronic fatigue syndrome, often comorbid with 
FM, are also commonly studied. Until recently, 
these disorders have largely been considered  
“wastebasket” terms to categorize the com-
plaints of patients with unexplained symptoms, 
because there were no objective signs to sup-
port their complaints. However with the advent 
of new imaging techniques to look into the 
brain and the central nervous system, research-
ers are finding very real physiological differ-
ences. For example, one study using sensory 
testing with thermal, mechanical, and electri-
cal stimuli showed a correlation between FM 
patients’ subjective reports of pain and signifi-

cantly altered cold and heat thresholds when 
compared with controls.14 Based on such stud-
ies it appears that patients with FM perceive 
stimuli as noxious at lower levels than healthy, 
pain-free controls.

Recent studies of FM have incorporated the 
use of functional magnetic resonance imaging 
(fMRI) to look at brain activations in response to 
painful stimuli. A study that included patients 
with FM and others with chronic low-back pain 
used fMRI to visualize the participants’ response 
to equal amounts of thumbnail pressure. In the 
FM and groups, 5 areas of neuronal activation 
within the cortex related to pain were detected, 
compared with only one activation in controls.15 
Another study to evaluate the pattern of cere-
bral activation in FM patients found that in 
response to similar thumbnail pressures there 
were 13 regions of greater activation in the FM 
group compared to one region in the healthy 
control group.16 Additionally, mild pressure 
resulted in subjective pain reports and cerebral 
responses in the FM group that were similar 
to responses produced by twice the pressure 
applied in controls. 

Another important area of research in pain 
processing looks at gray matter in the brain 
using voxel-based morphometry.  A study of 
patients with FM found significantly less volume 
of gray matter and an age-associated decrease 
in gray matter that was 3.3 times greater than 
healthy controls.17 

Using MRI to look at gray matter volume in 
patients with chronic musculoskeletal pain, sig-
nificant differences in gray matter volume were 
found in osteoarthritis patients prior to hip 
arthroplasty compared with healthy controls. 
Specifically, areas of the thalamus, understood 
to play a role in central pain processing, showed 
decreased gray matter volume in the osteoar-
thritis group. Significantly, a comparison of gray 
matter volume 9 months after surgery showed 
that the levels of reduced thalamic gray mat-
ter volume in osteoarthritis patients “reversed” 
to levels similar to the those of the healthy  
control group.18 

Although the mechanism that drives the 
loss or degradation of brain tissue in patients 
with chronic pain remains to be determined, 
one theory is that pain is associated with cer-
tain areas of the brain becoming hyperactive. 
Imaging studies using fMRI show that a con-
stellation of regions typically are activated in 
pain processing, including the insula, cingu-
late, primary and secondary somatosensory 
cortex, amygdala, and thalamus [Figure 2].19
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These regions have been shown to be more 
active in chronic pain states when patients 
respond to stimuli such as painful pressure 
or heat. Indeed, these regions have shown  
overamplification or augmentation of  
neural activity.

Overstimulation overstimulation of nerve 
cells can trigger a toxic release of glutamate 
into surrounding tissues of the brain, which 
may cause nerve cells to die, ultimately reduc-
ing the amount of gray matter visualized in the 
brains of patients with chronic pain. In addition, 
some studies of FM have shown elevated levels 
of glutamate, an excitatory neurotransmitter 
that is known to cause excitotoxicity.20 

Another significant consequence of long-
term pain appears to be alterations in the 
normal connectivity of the brain, including 
the “default mode network” (DMN) which 
is noted to be important during the resting  
state. Recent studies of chronic pain suggest 
alterations in key DMN regions that may be 
related to the chronic pain state and exist- 
ing comorbidities.21

The role of stress and depression  
in pain
The association among physical and psycho-
social stressors, depression, and chronic pain 

syndromes has been the subject of numer- 
ous studies. 

Posttraumatic stress disorder (PTSD) has 
been closely correlated with chronic pain. An 
example of one such stressor may be deploy-
ment to a military conflict. Soldiers and military 
personnel throughout history have reported 
a cluster of symptoms such as pain, fatigue, 
and cognitive impairment that are very similar 
to FM.  From US military conflicts, these syn-
dromes include Gulf War illness, the condition 
known as “shell shock” in World War I, and 
“soldier’s heart” during the Civil War. 

A review of the literature addressing the 
association between chronic pain and PTSD by 
the Department of Veterans Affairs found such 
a high degree of correlation that the authors 
suggested clinicians who conduct diagnos-
tic assessments for one disorder should also 
assess for the other.22 In a study that evaluated 
patients for FM, chronic fatigue, and psychiatric 
symptoms, patients with FM who had both ten-
der points and diffuse pain were significantly 
more likely to have an increased prevalence of 
lifetime PTSD.23  

The relationship between depression and 
chronic pain has been well documented. Kai-
ser Permanente surveyed patients seen in pri-
mary care and found that a significantly higher 
proportion of patients with major depressive 

Main regions activated in 
response to acute 
nociceptive stimulation 
(see diagram on right):
• Spinal cord
• Thalamus
• S1 and S2
• Insula (not always 
   same division) 
• Anterior cingulate cortex
   (not alwasy same
   division) 
• Prefrontal cortex

BUT THEN ALSO 
perhaps:
• Amygdala
• Posterior parietal cortex
• Basal ganglia
• Brainstem

    FIGURE 2: Neuroanatomy of pain processing. Main brain regions that activate during a painful ex-
    perience are highlighted as bilaterally active but with more dominant activation on the contralat- 
    eral hemisphere (red). 

Source: Tracey I. Br J Anaesth. 2008;101:32-39.  
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disorder (MDD) reported chronic pain than 
did patients without MDD (66% vs 43%, 
respectively).24 These conditions share com-
mon physiologic features and a high degree of 
comorbidity.

A study of patients with FM and depressive 
symptoms or MDD looked at neural responses 
to painful pressure and found no association 
between the extent of depressive symptoms 
or MDD and neural activation in the primary 
and secondary cortices, areas associated with 
the sensation of pain. However, activation was 
seen in the amygdala and contralateral anterior 
insula, areas associated with affective pain pro-
cessing.25 

These findings were supported in a more 
recent study in which patients who met the 
criteria for FM were given a series of question-
naires to assess depressive symptoms, anxiety, 
and catastrophizing, and were tested for pain-
ful pressure responses using  fMRI. The results 
established a correlation between this cluster of 
affective symptoms, but there was no correla-
tion with clinical pain symptoms or responses 
to painful pressure.26 Rather than suggesting 
that there is no alignment between the mental 
and physical aspects of pain, results from both 
of these studies suggest that 2 independent 
pain networks exist to process the sensory and 
affective dimensions of pain, and that these 
pathways may operate simultaneously.  

Pain in the clinical setting
The evidence is strong that many patients expe-
rience chronic pain that is not site-specific and 
arises not merely from the periphery but from 
intricate neural systems. With a new apprecia-
tion for the complexity of pain processing, the 
clinician is compelled to probe beyond, “Where 
does it hurt?” [Table].

When patients complain of widespread or 
chronic pain, the clinician is well advised to take 
the time to examine further by inquiring about 
depression, anxiety, fatigue, sleep disturbances, 
and cognitive difficulties in order to understand 
what is driving the patient’s symptoms.13 The 
results may be revealing. In a study of primary 
care patients, participants who complained 
of muscle pain, headache, and stomach pain 
were found to be 2.5 to 10 times more likely to 
screen positively for panic disorder, generalized 
anxiety, or MDD.27 

In a following article we will discuss prac-
tical tools that can be used to assess comor-
bidities such as anxiety and depression, and 

interventions that might be helpful for central 
pain and neurorehabilitation. An approach that 
acknowledges the patient’s account of pain, 
recognizes the cluster of symptoms and condi-
tions that can accompany pain, and utilizes a 
multidisciplinary approach for diagnosis and 
treatment will have the best chance of yielding 
positive outcomes.
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