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In considering central nervous system (CNS) factors that
promote pain, it is well recognized that brain and spinal cord
mechanisms can inhibit pain. It is perhaps less well under-
stood, at least by clinicians, that they can also promote pain,
even in the presence of very mild tissue damage. This
presentation focuses on 3 areas: (1) central sensitization, (2)
alterations in CNS activity that can reduce pain inhibition,
and (3) other central factors, e.g., cognition and affect, that
can influence pain sensitivity. Finally, I discuss ethnic
differences in pain sensitivity and health behaviors that may
be relevant to the differences between African-Americans
and Caucasians with respect to their willingness to undergo
joint replacement surgery.

Pain is a significant predictor of the assessment by both
the patient and the physician of the patient’s current general
health status. It is also a predictor of future levels of pain
and disability in patients with rheumatic disease. Further,
despite advances in the medical and behavioral management
of pain, patients with rheumatic disease rarely express
complete pain relief.

How do we define pain? The Subcommittee on
Taxonomy of the International Association for the Study of
Pain defines pain as “an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage, or described in terms of such damage.”1 Two things
are important in this definition: (1) We usually think of pain
in terms of its intensity (e.g., mild, moderate, severe) and its
sensory qualities (e.g., burning, aching, tearing). However,
pain is also a very emotional experience. The emotional
dimension of pain may be particularly relevant to differ-
ences between ethnic groups. Also, implicit in the fact that
pain is associated with actual or potential tissue damage is
the recognition that a direct one-to-one relationship between
the severity of tissue damage and the level of pain experi-
enced by the patient is unlikely.

Figure 1 represents a 1999 revision of the gate control
theory model proposed by Melzack2, which contains a
construct that the author calls “the neuromatrix.”
Essentially, the neuromatrix represents a complex system of

pathways involving the spinal cord, thalamus, somatosen-
sory cortex, and the brain limbic system. Melzack has
suggested that this provides us with the perception that we
are different from our environment and that it is responsible
also for forming our perceptions of pain and driving our
pain behaviors. The neuromatrix is influenced by genetic
factors and a wide array of physiological and psychosocial
factors, including the afferent input from the periphery that
we all consider to be integral to the mechanism by which
damaged joints or tissues produce pain. It is influenced also
by pathologic input from nerve injuries, by the endocrine-
immune system, by descending pain inhibitory messages
from structures such as the postroventral medulla and the
periaqueductal gray, and by variables such as attention,
emotional distress, and other psychosocial and health status
factors. All these factors combine to produce our perception
of pain and our pain behaviors.

Central sensitization. The concept of central sensitization is
a point at which we may begin to understand better the
factors that promote pain even in the presence of very mild
tissue damage. This has been studied most extensively in
models of neuropathic pain, in which a nerve injury leads to
chronic persistent pain and, often, generalized allodynia, in
which stimuli of very modest intensity that have no effect on
most of us with an intact CNS produce the perception of
severe pain.

Central sensitization appears to depend upon persistent
sensory transmission from local nociceptors to the dorsal
horn of the spinal cord3. Under these circumstances, intense
or prolonged sensory input from A-δ and C afferents suffi-
ciently depolarizes the dorsal horn neurons so that Mg2+

exits N methyl-D-aspartate (NMDA)-linked ion channels.
This is followed by an influx of extracellular Ca2+ and the
production of nitric oxide (NO), which diffuses out of the
dorsal horn neurons. NO, in turn, promotes the exaggerated
release of excitatory amino acids and substance P from
presynaptic afferent terminals and causes hyperexcitability
of the dorsal horn neurons. In addition, glial cells in the cord
may become activated and release proinflammatory
cytokines; excitatory amino acids, such as glutamate;
substance P; and calcitonin gene-related peptide. All these
products increase depolarization of NMDA receptor sites in
the dorsal horn (Figure 2). As a result, projection neurons in
the spinal cord that transmit sensory information to the brain
become hyperexcitable, i.e., their threshold for firing is
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lowered and their receptor fields expanded. The end result:
essentially the “gate” that serves to block transmission of
nociceptive impulses from the spinal cord to the brain
“opens,” so that stimuli of very modest intensity now
produce greatly augmented transmission of nociceptive
impulses to the brain, resulting in enhanced pain sensitivity
not only from stimuli arising at the site of original injury, but
more generally.

Work that we and others have done in fibromyalgia (FM)
has resulted in general acknowledgment that a process exists
in this disorder that produces effects similar to those associ-
ated with central sensitization. Patients with FM commonly
exhibit dramatic displays of pain and hypersensitivity. Figure
3 shows that individuals with FM, including those who meet
criteria for the diagnosis of the disorder but do not choose to
seek medical attention for their pain, have, in general, very
low pain thresholds, relative to healthy controls.

A number of laboratories have demonstrated a similar
phenomenon in patients with hip or knee osteoarthritis
(OA). In studies of patients with unilateral hip OA (Figure
4) in whom a painful stimulus was administered to the area
of the normal contralateral hip, Kosek and Ordeberg4 found
a diminished pain threshold at that site. 

We recently compared a group of patients with bilateral
knee OA (but not generalized OA) to healthy controls of
comparable age with respect to their responses to thermal
and pressure stimulation at distal sites, e.g., shoulder and
arms. Although we found no difference between the 2
groups with respect to thermal pain sensitivity, pain inten-
sity ratings of the OA patients in response to pressure
stimuli were much higher than those in our healthy controls
(Figure 5). Thus, the OA patients showed increased sensi-
tivity to pressure pain in unexpected areas5.

Pain inhibition. One of the mechanisms that injured humans

use to inhibit pain takes advantage of the phenomenon of
counter-irritation. For example, when we bump into some-
thing, we invariably rub the affected area because this
reduces the pain. It has been shown that transient rubbing
reduces the stimulation of local nociceptors.

In our laboratory we use a standard method to study pain
inhibition — counter-irritation produced by the submaximal
tourniquet procedure. The subject is asked to elevate an arm
for one minute, following which a blood pressure cuff is
inflated to 240–250 mm Hg, producing ischemia. The
subject is then asked to squeeze a hand dynamometer 20
times at 30–50% of maximal capacity. The combination of
ischemia and repeated hand flexion produces a deep aching
pain in the arm that persists 15–20 minutes after the cuff is
deflated. A number of investigators have shown that in the
presence of this deep aching pain in the arm, when stimuli
are applied to other parts of the body the subject’s percep-
tion of pain at those sites is diminished.

The study by Kosek and Ordeberg noted above4 includes
a report of the results of the submaximal tourniquet proce-
dure in 15 patients with hip OA whom they studied before
and after total hip arthroplasty (THA). As noted earlier, prior
to surgery, pressure pain threshold levels over the contralat-
eral hip were much lower in the OA patients than in
controls4 (Figure 4). However, during the tourniquet test,
whereas pain threshold levels in the controls rose signifi-
cantly, no increase in pain threshold occurred in the OA
patients, i.e., the patients with OA did not manifest pain
inhibition in response to the tourniquet procedure. Further,
45 minutes after the blood pressure cuff was released, when
the OA patients were tested again their pain threshold levels
were unchanged, while those in the healthy control subjects
had fallen to their baseline levels.

Interestingly, after THA when, presumably, the source of

Figure 1. The neuromatrix as described by Melzack. Derived from Melzack R. Pain 1999;6 Suppl:S121-6.
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nociceptive input from the OA hip had been removed, the
patients now showed a normal increase in their pain
threshold at the contralateral hip, i.e., after removal of the
source of stimulation (the diseased hip), the tourniquet
procedure evoked a normal pain inhibition response. This
enhanced pain threshold level then returned to baseline level
after the blood pressure cuff was released. This provides
evidence that persistent pain and/or nociceptive transmis-
sion in patients with hip OA may negatively affect pain inhi-
bition at other sites.

Cognition and pain. One of the most negative thoughts a
person in pain can have is to think of herself as being help-
less or unable to cope with the pain she is experiencing. We
call this phenomenon “catastrophizing.” It is the tendency to

focus upon and exaggerate the threat posed by a painful
stimulus and to evaluate negatively one’s ability to cope
with pain.

Sullivan6 has developed a multidimensional scale to
measure 3 components of catastrophizing: (1) helplessness,
in which the subject feels she cannot do much about the
pain; (2) magnification, i.e., thinking negatively about the
terrible consequences the pain might bring; and (3) rumina-
tion, or obsessive thinking, about the pain and an inability to
distract oneself from those thoughts.

We recently completed a study of the same patients with
bilateral knee OA described above, in whom we demon-
strated generalized pressure pain sensitivity, and the healthy
controls. We assessed the level of catastrophizing by these

The Journal of Rheumatology 2004, Volume 31, Supplement 7056

Figure 2. A and B: Classical view of pain signaling: A noxious stimulus activates peripheral A-δ and C nerve fibers that transmit action potentials to their
presynaptic terminals in the spinal dorsal horns. Substance P and excitatory amino acids are released that bind to and activate postsynaptic receptors [i.e.,
neurokinin-1 (NK-1) amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)] on second-order pain transmission neurons (PTN) that ascend to the
brain carrying sensory input that may produce perceptions of pain. The N methyl-D-aspartate (NMDA)-linked channels are inoperative as they are “plugged”
by Mg2+, and the glia cells are not activated. D. Classical view of pathological pain evoked by central sensitization: Intense or prolonged sensory input from
A-δ and C afferents sufficiently depolarizes the dorsal horn neurons that Mg2+ exits NMDA-linked ion channels. This is followed by an influx of extracel-
lular Ca2+ and production of nitric oxide (NO), which diffuses out of the dorsal horn neurons. NO, in turn, promotes the exaggerated release of excitatory
amino acids and substance P from presynaptic afferent terminals and causes the dorsal horn neurons to become hyperexcitable. Glia cell activation has not
been considered relevant to central sensitization. C. Current view of pathological pain: Glia cells are activated by release of viruses and bacteria as well as
by release of NO, prostaglandins (PG), fractalkine, substance P, ATP, and excitatory amino acids from primary afferents and PTN. These glia cells release
proinflammatory cytokines, NO, PG, reactive oxygen species (ROS), ATP, and excitatory amino acids such as glutamate, substance P, and calcitonin gene-
related peptide. These substances enhance depolarization of NMDA receptor sites in the dorsal horn and thus maintain or further drive pathological pain states.
With permission, from Watkins, et al. Trends Neurosci 2001;24:450-5.
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subjects before they underwent pressure stimulation with an
algometer, during which very minor pressure, barely
exceeding the threshold required to produce a sensory
response, was applied to the skin over both knees. During
the procedure we also performed xenon133 SPECT brain
imaging and measured brain responses to the low intensity
sensory stimulus. We then repeated the procedure with

Table 1. McGill Pain Questionnaire (MPQ) Subscale scores, mean ± SEM,
for right knee of patients with bilateral knee OA and control subjects.

MPQ Subscale OA Patients Healthy Controls p

Sensory 19.6 ± 1.4 17.0 ± 3.0 0.465
Affective 9.6 ± 2.1 1.8 ± 0.5 0.007

Figure 3. Mean (± SEM) pain threshold levels, in kg/cm2, for tender points and control points,
as a function of subject group. FM Pts (I): patients with fibromyalgia with insidious onset; (T)
patients with post-traumatic FM; FM non-pts (I): community residents who fulfilled criteria
for FM but had not sought medical attention for FM. 

Figure 4. Results of testing for pain inhibition with the submaximal tourniquet procedure
(see text). The figure shows mean (± SEM) pain thresholds, in kPa, for mechanical pressure
in patients with unilateral hip OA and control subjects. Patients underwent 3 pain threshold
evaluations at the contralateral, unaffected hip before and after total hip arthroplasty. The first
trial served as a baseline, the second trial was performed during tourniquet counter-stimula-
tion, and the third trial was performed after the tourniquet was released. The controls under-
went the same 3 trials at comparable intervals. PPT (kPa): pressure pain threshold in
kilopascal. With permission, from Kosek and Ordeberg. Pain 2000;88:69-78.
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application of pressures that we calibrated to each indi-
vidual’s pain threshold. Essentially, then, although our OA
patients received much lower absolute levels of stimulation
versus healthy controls, the level of stimulation in the 2
groups was comparable, relative to individual pain thresh-
olds. After each of the stimulation periods and brain imaging
studies, we asked the subjects to rate both the sensory inten-
sity and unpleasantness of the pain they had experienced.

As expected, pain threshold levels were substantially
lower in the OA patients than in the controls. However
(Table 1), ratings of pain intensity were similar in the 2

groups. Thus, by relating the intensity of the pressure stim-
ulation to each individual’s pain threshold we did a reason-
ably good job of making the intensity ratings of patients and
controls comparable. Notably, however, the OA patients had
significantly higher affective (i.e., pain unpleasantness)
scores than the controls (Table 1), i.e., even though they did
not experience more intense pain, they perceived the pain
they experienced as much more unpleasant than that
perceived by the control subjects. We found the same results
during stimulation of both the right and left knee.

In the control subjects, brain imaging studies performed
at the time the areas over the knee were stimulated with the
algometer showed a fairly large area of activation in the
contralateral somatosensory cortex, with low levels of acti-
vation in the cingulate cortex and insular cortex (Figure 6).
The latter areas have been shown to be involved in the
emotional dimension of pain and in processing of pain
affect. Figure 6 also shows a fairly large area of activation
also in the contralateral (left) thalamus.

In comparison, the OA patients showed a very large area
of activation in the contralateral cingulate cortex.
Interestingly, the posterior area of the anterior cingulate
cortex has been shown to be a repository of emotion-laden
memories. We suspect that when we stimulated the knees of
the OA patients, we provoked considerable cognitive and
emotional activity, as indicated by very large area of activa-
tion in the cingulate region of the brain.

As we demonstrated earlier, catastrophizing probably
plays a large role in this affective response. Indeed, when we

The Journal of Rheumatology 2004, Volume 31, Supplement 7058

Figure 6. Xenon133 SPECT brain imaging, indicating the brain responses of a healthy subject (left panel) and a patient with OA of the right knee (right panel)
to a low intensity sensory stimulus (Control Stimulation) and a painful stimulus (Pain Stimulation), both of which were delivered over the right knee. In the
healthy subject, in comparison with a low intensity stimulus, painful stimulation resulted in a small increase in activation of the left thalamic region (T) and
left somatosensory cortex (SSC) and minimal activation of the anterior cingulate area (AC). In contrast, in the study of the patient with OA, painful stimula-
tion of the skin over the arthritic right knee produced a modest increase in activation of the left thalamus (T), with moderate–large increases in activation of
the left and right anterior cingulate cortices (AC) and left somatosensory cortex (SSC).

Figure 5. Pain intensity ratings of patients with OA and healthy controls.
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controlled for the magnification dimension of catastrophiza-
tion, the difference between OA subjects and controls
became statistically insignificant. Controlling for helpless-
ness also reduced the magnitude of the affective difference
between OA patients and controls in response to the painful
stimulus. The major point is this: What we think about pain
has a lot to do with the way we describe our pain. That is
reflected not only verbally but also in brain activity in areas
that process the emotional dimension of pain.

Ethnic group differences in pain sensitivity. In the laboratory
and in clinical situations, African-Americans tend to report
higher levels of pain than Caucasians7,8. Edwards, et al9

found that African-American undergraduate students
reported significantly higher levels of “pain during the past
month” than Caucasians, and showed a modest tendency to
report higher levels of pain intensity than Caucasians upon
exposure to thermal stimuli (Figure 8). However, when
students were asked to rate the unpleasantness of their pain,

Figure 7. Pain Catastrophizing Scale (PCS) subscale scores, mean ± SEM, in OA patients
and controls. Patients with OA produce higher scores than controls on each subscale of the
PCS (Rumination, Magnification, Helplessness) as well as on the combined total PCS score.
Rumination: p = 0.13; helplessness: p = 0.015; magnification: p = 0.077; total: p = 0.019.

Figure 8. (A) Mean (± SEM) thermal pain unpleasantness ratings by healthy African-Americans and Caucasians. Overall, the African-Americans had higher
pain unpleasantness ratings than the Caucasians; these differences were significant (p ≤ 0.05) at lower thermal intensity levels (46°C, p < 0.01; 47°C, p =
0.05). B. No significant group differences were seen in ratings of thermal pain intensity (data not shown). *p = 0.05. With permission, from Edwards and
Fillingham. Psychosom Med 1999;61:346-54.
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the difference between African-Americans and Caucasians
was much greater than that for pain intensity, especially at
lower levels of stimulation (Figure 8).

When, in view of the above findings, we re-examined the
data we obtained with our patients with bilateral knee OA,
we noted that one-half of those subjects were African-
Americans and one-half Caucasian. As I have noted, our
healthy controls reported pain unpleasantness scores of only
about 1.8. Although our knee OA patients reported higher
levels of pain unpleasantness than the controls, the factor
underlying this difference was, in retrospect, the very high
unpleasantness ratings of the African-American OA patients
in this group. Further, as expected, the latter exhibited strik-
ingly enhanced activity in the cingulate cortex, relative to
the Caucasians.

Where does this lead us? There is some evidence that
patients with hip or knee OA exhibit generalized pain sensi-
tivity and that deficiencies in pain inhibition at remote
anatomic sites are affected. We do not fully understand the
mechanisms underlying the pain inhibition produced by the
tourniquet procedure. However, there is evidence that these
mechanisms are multifactorial in nature and involve central
factors, such as activation of endogenous opioid systems10

or interactions between peripheral and central factors, such
as stimulation of peripheral carotid sinus baroceptors that
engage central pain modulation pathways11. These centrally
mediated responses may be deficient in some patients with
chronic OA pain. I suggest that the abnormalities in pain
processing and pain inhibition that are seen in our data are
due to alterations in the CNS.

Further, pain-related cognitions clearly influence cingu-
late cortex activity and perceptions of pain unpleasantness
in patients with knee OA and seem to be largely responsible
for ethnic differences in pain sensitivity. This may underlie,
at least in part, some of the differences between African-
Americans and Caucasians with respect to their willingness
to undergo joint replacement surgery for OA12.

Even though this work is in its early stage, it suggests that
greater effort should be devoted to understanding central
influences on pain perception in patients with OA. This
could lead to the development of pharmacologic and behav-
ioral interventions that alter CNS activity pain responses and
pain inhibition and to psychosocial interventions that could
alter pain-related beliefs and healthcare behaviors in
subgroups of patients with excessive pain sensitivity.
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