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Abstract
Temporal summation of second pain (TSSP) results from repetitive stimulation of peripheral C-fibers
(> 0.33 Hz) and is thought to reflect summation mechanisms of dorsal horn neurons (i.e., windup).
Both TSSP and windup result in short term enhancement of C fiber-evoked responses that decay
rapidly after the end of stimulation. However, very low stimulus frequencies (0.17-0.08 Hz) can
maintain this enhancement after TSSP and windup have occurred. This maintained enhancement is
termed TSSP-maintenance (TSSP-M) and is indicative of central sensitization. TSSP-M may be
especially relevant for chronic pain conditions such as fibromyalgia (FM) and may play an important
role in its pathogenesis. Whereas TSSP-M of heat induced pain is well characterized in human
subjects at spinal cord levels related to the upper body, TSSP-M at spinal levels related to the lower
body has not been previously studied. The present study was designed to evoke TSSP-M at the upper
and lower extremities of normal controls (NC) and FM patients and thus characterize their spatial
distribution of central sensitization. Twenty-three NC and twenty-six FM patients were enrolled in
this study. TSSP-M testing consisted of repetitive heat pain stimulation at the thenar eminences of
the hands or feet. The subjects rated the pain intensity of repetitive heat stimuli as well as 15 sec and
30 sec pain aftersensations. The experiments demonstrated significant TSSP-M for both NC and FM
patients. In contrast to NC, TSSP-M ratings of heat stimuli were increased in FM patients and their
TSSP-aftersensations were prolonged. There was, however, no statistical difference between TSSP-
M ratings or TSSP-aftersensations at the hands or feet in either NC or FM patients. These findings
demonstrate that central sensitization of FM patients is widespread and similar along the spinal
neuroaxis.

Perspective—The pain of FM seems to be accompanied by generalized central sensitization,
involving the length of the spinal neuroaxis. Thus, widespread central sensitization appears to be a
hallmark of FM and may be useful for the clinical case definition of this prevalent pain syndrome.
In addition, measures of widespread central sensitization, like TSSP-M could also be used to assess
treatment responses of FM patients.
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Introduction
Characteristic features of FM patients include hyperalgesia and allodynia which represent
clinically relevant manifestations of central sensitization and are related to increased
excitability of spinal and supraspinal neurons. Central sensitization is associated with increased
spontaneous activity of dorsal horn neurons, enhanced responsiveness to nociceptive and non-
nociceptive stimuli, and enlarged receptive fields 6,10,10,33. The consequences of these
neuronal changes include spontaneous pain as well as allodynia/hyperalgesia. Coding
mechanism for these changes include temporal summation or ‘windup’ (WU) of dorsal horn
neuron responses to repetitive C-fiber stimulation 8,14,19. Once WU occurs, dorsal horn
nociceptive neurons maintain a state of increased responsiveness for long periods at much
lower stimulus frequencies than would normally be necessary to induce WU 24. This state has
been previously termed ‘WU-maintenance’ (WU-M) 40. WU-M is likely to be integrally
related to central sensitization and persistent pain conditions, because it is accompanied by
expanded receptive fields, enhanced responsiveness to nociceptive and non-nociceptive
stimulation, and increased spontaneous activity of dorsal horn nociceptive neurons 6,9,10,10,
24,33. Although WU and WU-M comprise important neural mechanisms related to the early
phase of central sensitization 18 they can also be used to characterize long-term central
sensitization of chronic pain patients 1,1,30,32,33,40,47. An important clinical implication of
WU is that once it occurs, minimal tonic peripheral input is required to sustain enhanced
responsiveness of dorsal horn neurons and thus persistent pain. Temporal summation of second
pain (TSSP) and its maintenance (TSSP-M) represent psychophysical correlates to WU and
WU-M in electrophysiological experiments 1,1,30,32,33,40,47.

Fibromyalgia (FM) is characterized by chronic widespread pain, involving many body areas,
particularly the neck/shoulders and lower back 50. We have previously demonstrated that FM
patients display enhanced TSSP compared to pain-free normal control (NC) subjects during
repetitive heat stimulation of the upper extremities (UE) 43. In addition, TSSP-M is greatly
increased in FM 40, suggesting that enhanced C-fiber pain is abnormally maintained in these
patients. However, almost all evaluations of TSSP or TSSP-M in FM patients have been limited
to the UE, thus excluding clinically relevant body areas with frequent pain complaints,
including the lower extremities (LE) and lower back.

The pathogenesis of FM is unclear 38, but tonic impulse input from peripheral tissues seems
to play an important role for pain and hyperalgesia in FM 41,44. Deep tissue hyperalgesia,
however, has not only been described in painful body areas of FM patients but also in body
locations without spontaneous pain 37. Similar finding have been reported in whiplash
associated disorders, back pain, and osteoarthritis 2,3,11,21,35,45 suggesting that generalized
hyperalgesia may be a common occurrence in these pain syndromes. In the current study we
tested TSSP-M and TSSP-aftersensations of heat pain at the UE and LE to evaluate the extent
of central sensitization in FM patients at both ends of the spinal neuroaxis. We hypothesized
that these measures of central pain sensitivity would not only be abnormal but widespread in
FM patients.
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3.0 Materials and Methods
The University of Florida Institutional Review Board approved all procedures described in this
report. Informed consent was obtained from all subjects and the study protocols conformed to
the ethical guidelines of the 1975 Declaration of Helsinki.

3.1 Study Subjects
NC subjects came from the University Health Science Center and the University Campus,
Gainesville. Subjects who fulfilled the 1990 American College of Rheumatology (ACR)
Criteria for FM were recruited from the Health Science Center Outpatient Clinics and from
FM support groups. Prior to testing, all subjects underwent a clinical examination and were
excluded from the study if they had abnormal findings unrelated to FM. Continuation of
analgesics, including non-steroidal anti-inflammatory drugs (NSAID) and acetaminophen, was
not allowed during the study. The subjects were asked to discontinue narcotic analgesics at
least two weeks prior to study entry. Low dose cyclobenzaprine (<15 mg/day) was permissible
during the study for treatment of insomnia. Other medications had to be discontinued for 5
half-lives prior to study entry.

3.2 Ratings of Clinical and Experimental Pain
For ratings of current clinical pain, a mechanical visual analogue scale (M-VAS) was used
29 ranging from 0 - 10. The scale was anchored on the left with “no pain at all” and on the
right with “the most intense pain imaginable”.

A standardized numerical pain scale (NPS) was utilized for rating the magnitude of painful
sensations produced by thermal stimulation as described previously 39,47. The scale ranged
from 0 to 100, in increments of 5, with verbal descriptors at intervals of 10: 0 = no sensation,
10 = warm, 20 = a barely painful sensation (i.e. pain threshold), 30 = very weak pain, 40 =
weak pain, 50 = moderate pain, 60 = slightly strong pain, 70 = strong pain, 80 = very strong
pain, 90 = nearly intolerable pain, and 100 = intolerable pain. Previous experience with the
scale has shown that increments of 5 provide appropriate resolution for discriminable levels
of late sensation intensity from threshold to nearly intolerable levels 43,47. This numerical
scale has been found to be particularly advantageous for pain ratings during series of repetitive
stimuli 47.

3.3 Tender Point Testing
Nine paired tender points as defined by the American College of Rheumatology (ACR) Criteria
50 and two control points (at the center of the right forearm and the right thumbnail) were
assessed by a trained investigator using a Fischer Dolorimeter (Pain Diagnostics, Great Neck,
NY). The rubber tip of the Dolorimeter was 1 cm in diameter. The Dolorimeter was placed on
the examination site, and pressure was gradually increased by 1 kg/sec. The subjects were
instructed to report when the sensation at the examination site changed from pressure to pain.
Pressure testing was stopped at that moment and the result recorded as positive (1) if maximal
pressure was ≤ 4 kg. If no pain was elicited at ≥ 4 kg the test result was recorded as negative
(0).

3.4 Testing Session
The subjects underwent one session of heat TSSP-M and TSSP-aftersensation testing at the
UE and LE. The sequence of testing was counterbalanced. The location of the test stimuli
always alternated between the right and left thenar of the hands and feet in counterbalanced
order. There was at least 3 min between each trial or until all pain aftersensations had resolved.
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3.5 TSSP Testing
All subjects were tested in a controlled environment providing ambient lighting and
temperatures (25 ° C). They had at least 30 min to acclimatize prior to the testing procedures.

3.5.1 TSSP Ratings—TSSP was produced by computer-controlled thermal stimulation of
the thenar eminence as described previously 43. All subjects were trained to attend to and rate
late pain sensations evoked by repetitive thermal stimulation of the thenar surface of either
hand or foot. These sites were chosen because it is well established that brief and intense heat
stimulation of the glabrous surface results almost exclusively in delayed sensations associated
with impulse conduction in C-fibers 5,47. Before application of repetitive heat stimuli, study
subjects were told that they may or may not feel sensations of pain during contact of the thermal
probe with the skin and to attend to a possible late sensation of pain beginning 1 to 2 sec after
each contact. They were instructed to pay attention to and provide numerical ratings of the
magnitude of the late sensation, which could increase or decrease with stimulus repetition.
During at least one training session the subjects were asked to indicate the peak pain sensation
associated with each repetitive heat pulse by saying “now”. If the time delay between each heat
pulse and the subject’s response was clearly greater than 1sec, the events were considered to
be consistent with second pain sensations. The subjects were also asked to provide ratings of
heat sensations 15sec and 30sec after the last heat stimulus (aftersensations).

3.5.2 Apparatus Used for TSSP and TSSP-M—During the psychophysical testing
session, a series of brief stimuli was presented to each hand or foot at a frequency of 0.33 Hz
(contact time 0.7 sec; release time 2.3 sec), to evaluate sensitivity to stimulus frequency 9,
20,31. During each test series, the subject placed the thenar eminence of one hand or foot on
a Plexiglas surface with a designated area of palmar skin located over a 4.6 cm diameter hole.
The thermode was positioned 8 mm below the Plexiglas surface when not in contact with the
skin and was advanced to a position 2 mm above the surface by computerized activation of a
solenoid. In each series, the preheated probe contacted the skin for 0.7 sec per contact. To
prevent order effects, the stimulus location (right or left extremity) was counterbalanced
between sessions. A three-minute interval separated each series. All stimulus parameters were
controlled by custom-designed Labview software.

The temperature of the thermode was controlled by circulating heated water at a rate of 7 liters/
min from a Neslab, model RT-111 circulator through a 1.2 in. diameter copper tube (thermode).
For the TSSP-M and TSSP-aftersensation experiments the thermode temperature was varied
for each subject to achieve maximal TSSP ratings of 50 ± 5 (NPSmax) (see 3.8).

3.6 Testing of TSSP Sensitivity and Aftersensations
Pain sensations from heat stimuli vary as a function of each subject’s individual pain sensitivity
as well as peripheral and/or central sensitization, which influences the rate of TSSP and TSSP
decay. Because TSSP decay is dependent on the magnitude of TSSP, we needed to provide
measures of TSSP sensitivity across all subjects as described in detail before 40. TSSP
sensitivity was measured by the stimulus temperature required to evoke maximal TSSP pain
of 50 ± 5 NPS units over 12 to 15 heat taps in each subject. TSSP-aftersensations were assessed
by the pain intensity that remained 15 and 30 sec after the train of heat taps was presented.
First, the subjects were tested with single 0.7 sec heat stimuli that resulted in painless ratings
of heat (NPS < 20). The stimuli were alternatively applied to each thenar eminence in 0.5 min
intervals. Testing was always started at 47 ° C, and the temperature was subsequently raised
until pain was reported, then lowered in steps of 1-2 ° C until pain was absent, defining
threshold. The stimulus temperature of threshold minus 0.5 ° C was then used for TSSP-
aftersensation and TSSP-M testing. If subjects achieved NPS ratings of 50 ± 5 (NPSmax) within
15 taps, this stimulus intensity was used for subsequent testing of TSSP-M and TSSP-
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aftersensations. If NPSmax was > 55 on the last tap, the stimulus temperature was decreased in
0.5-1 °C steps until the target NPSmax (50 ± 5) was obtained. If, on the other hand, the subjects’
TSSP NPSmax rating was < 45 on the 15th tap, the stimulus temperature was increased in 0.5-1
° C steps until target NPSmax was achieved or the rating of the 1st tap was >25. After target
NPSmax (50 ± 5) was achieved, the subjects were asked to provide numerical ratings of TSSP-
M sensations and TSSP-aftersensations, 15 sec and 30 sec after the last heat stimulus, using
the NPS.

3.7 Testing of TSSP-M
After TSSP sensitivity was determined, the study subjects were tested twice with repetitive
heat stimuli (0.33 Hz) that resulted in TSSP pain ratings of NPSmax 50 ± 5. After NPSmax was
achieved, the frequency of the heat stimuli was changed to either 0.17 Hz or 0.08 Hz in
counterbalanced order, while the contact time (0.7 sec) and temperature of the probe were
maintained. The subjects were then asked to rate the magnitude of each of 10 taps at the current
frequency using the NPS. Rest intervals of at least 3 min were used between tests of TSSP-M.

3.8 Diagram of Local Pain Areas
For identification of painful body areas the subjects were instructed to shade all areas that were
painful at the time of the visit using a drawing depicting the front and back of the human body,
as described before 42. This method has been previously used to determine the location of pain
15 and has satisfactory intra-subject and inter-rater reliability 26. Before statistical analysis the
pain drawings were divided into 20 areas which included the 18 standardized TP. Body areas
not containing TP included the abdomen. Body areas above and below to the umbilicus were
considered upper and lower body areas, respectively.

4.0 Data analysis
Statistical analyses were calculated using SPSS 15.0 software (SPSS, Inc., Chicago, IL). A
series of mixed model ANOVAs was used for testing of TSSP with diagnosis, tap, and stimulus
modality as independent variables.

4.0 Results
4.1 Study Subjects

Twenty three NC and twenty six FM subjects were enrolled in this study. All subjects were
female and right handed, and all were Caucasian except for two African American (both FM)
and two Asian American females (one NC, one FM). The average age (SD) of the NC and FM
subjects was 35.6 (14.1) years and 44.6 (15.9) years, respectively. An independent t-test
showed that the age of NC and FM subjects was not significantly different (p > .05). FM
subjects reported moderate overall clinical pain ratings of 3.3 (1.5) VAS units (see Table 1).
The mean number of tender points was 4.5 and 16.6 for NC and FM subjects, respectively. The
average duration of FM symptoms was 6.8 (5.9) years.

4.2 Pain Ratings during Heat TSSP
Because there was no significant difference between TSSP ratings of the right or left side at
the UE or LE (all p > .05), the averaged experimental pain ratings of UE or LE were used for
the analysis.

4.3. TSSP Using Adjusted Heat Stimuli
For the analysis shown in Figures 1 and 2, it was first necessary to determine the thermal
stimulation parameters that resulted in equal rates of TSSP for FM and NC subjects. This
required using individually tailored stimulus temperatures for all subjects. Thus TSSP
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sensitivity could be measured and analyzed in terms of differences in stimulus temperature
necessary to produce TSSP at similar rates for FM and NC subjects. A mixed model ANOVA
of TSSP pain ratings with heat tap (2) and location (2) as within subjects’ factors and diagnosis
(2) as between subjects’ factor showed a significant main effect for heat tap (F(3,123) = 428.9,
p < .001) and non-significant effects for diagnosis (F(3,123) = 43.3; p > .05) and location (F
(3,123) = 0.7; p > .05), indicating TSSP and that the adjusted TSSP rates at the hands and feet
were similar for FM and NC subjects. This is clearly shown in the TSSP induction phase in
Figures 1 and 2. The mean (SD) stimulus temperature of the heat probe that produced maximal
TSSP pain ratings (NPSmax = 50 ± 5) was lower for FM compared to NC subjects at the hands
[49.9 (2.7) ° C and 52.2 (1.1) ° C] and feet [50.0 (2.8) ° C and 53.4 (1.4) ° C], respectively
(t=3.6, df 44; p = .001). Thus, FM subjects had greater TSSP sensitivity than NC subjects,
consistent with our previously published results 34,43,48.

4.4 TSSP-M Analysis
In order to illustrate the impact of the different stimulus frequencies on experimental pain
ratings, TSSP-M was analyzed as a function of heat tap number (Figures 1 and 2).

4.4.1 TSSP-M Testing at Hands of NC and FM Subjects—Similarly to our previous
report 40 we analyzed all subjects’ TSSP-M ratings comparing sensitivity adjusted Tmax,
TSSP-M tap 5 (D5) and TSSP-M tap 10 (D10) heat tap ratings during subsequent TSSP-M trials
at 0.17 Hz and 0.08 Hz at the hands (Figure 1). A mixed model ANOVA of TSSP-M ratings
with stimulus frequency (2), tap (3), and diagnosis (2) as independent factors showed
significant main effects for stimulus frequency (F(1,19)=53.0; p < .001), tap (F(2,38) = 248.0;
p < .001) and diagnosis (F(1,19) = 5.9; p = .04). There were significant interaction effects of
diagnosis × tap (F(2,38) = 8.2; p = .001) and frequency × tap (F(2,38)= 18.2; p < .001) noted,
indicating that FM subjects rated TSSP-M stimuli higher than NC at either frequency.

4.4.2 TSSP-M Testing s at Feet of NC and FM Subject—Similarly to TSSP-M testing
at the hands, we analyzed all subjects’ TSSP-M ratings at the feet by comparing sensitivity
adjusted Tmax, D5 and D10 heat tap ratings after maximal TSSP during subsequent TSSP-M
trials at 0.17 Hz and 0.08 Hz (Figure 2). A mixed model ANOVA with stimulus frequency (2),
diagnosis (2), and tap (3) as independent factors showed significant main effects for stimulus
frequency (F(1,47) = 53.9; p < .001), diagnosis (F(1,47) = 12.5; p = .001), and tap (F(2,94) =
461.8; p < .001). There was a significant interaction effect of stimulus frequency × diagnosis
(F(1,47) = 6.7; p = .01), stimulus frequency × tap (F(2,94) = 25.1; p < .001), and diagnosis ×
tap (F(2,94) = 7.7; p < .001) noted. These results indicate that during TSSP-M FM subjects’
experimental pain ratings decreased significantly less rapidly than NC and this decrease was
dependent on TSSP-M stimulus frequency. When simple contrasts were used to decompose
the observed interaction effects, they demonstrated that NC and FM subjects rated TSSP-M
experimental pain ratings as significantly different at each time point (F(1,16) = 4.5; p < .05)
during 0.17 Hz but not during 0.08 Hz maintenance heat pulses (F(1,47) = 1.2; p > .05).

4.4.3 TSSP-M Comparisons at Hands and Feet—A mixed model ANOVA of TSSP-
M ratings during 0.17 Hz stimuli at the hands or feet of NC and FM subjects showed significant
main effects for taps (F(2,32)= 74.0; p < .001) and diagnosis (F(1,16)= 5.8; p = .03). However,
the interactions of location × tap (F(2,32)=1.1; p > .05) and location × diagnosis (F(2,32)= 1.7;
p > .05) were not statistically significant. These findings indicate that FM subjects rated TSSP-
M stimuli significantly higher than NC at the hands and feet, but these TSSP-M ratings were
not statistically different across the two locations.

4.4.4 TSSP-Aftersensations at the Hands and Feet—Pain ratings of TSSP-
aftersensations (AS) were obtained 15sec and 30sec after sensitivity adjusted Tmax at the hands

Staud et al. Page 6

J Pain. Author manuscript; available in PMC 2008 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and feet of NC and FM subjects (Figure 3). A mixed model ANOVA of TSSP-AS with time
(3) and diagnosis (2) as independent factors indicated significant main effects for time (F(2,60)
= 365.8; p < .001) and diagnosis (F(1,30) = 6.9; p = .01). A significant interaction effect of
time × diagnosis (F(2,60) = 6.7; p = .002) revealed that TSSP-AS declined more slowly for
FM subjects compared to NC (Figure 3A).

Similarly, ratings of TSSP-AS 15 sec and 30 sec were obtained after the last heat stimulus of
a train of 15 pulses at the feet in NC and FM subjects (Figure 3B). A mixed model ANOVA
of TSSP-AS with time (3) and diagnosis (2) as independent factors showed significant main
effects for time (F(2,66) = 217.1; p < .001) and diagnosis (F(1,33) = 8.7; p = .01). A significant
interaction effect of time × diagnosis (F(2,66) = 3.6; p = .03) indicated that TSSP-AS declined
more slowly for FM subjects compared to NC (Figure 3B).

4.4.5 TSSP-AS Comparisons between Hands and Feet—A mixed model ANOVA of
15 sec and 30 sec TSSP-AS ratings at the hands or feet of NC and FM subjects showed
significant main effects for time (F(2,26) = 110.6; p < .001). However, the interactions of
location × time (F(1,13) = 0.7; p > .05) and location × diagnosis (F(1,13) = 0.1; p > .05) were
not statistically significant. These findings indicate that the ratings of NC and FM subjects of
TSSP-AS ratings at 15 sec and 30 sec were not statistically different at the hands or feet.

4.5 Correlation of Pain Areas with TSSP-M
The analysis of FM subjects’ pain drawings indicated clinical pain in an average (SD) of 9.7
(1.5) out of 20 standardized body areas. The number of FM pain areas located in the upper and
lower body were 5.2 (1.8) and 4.5 (1.4), respectively (Table 1). A paired t-test showed no
significant difference between the number of upper and lower body pain areas (p > .05). The
body areas most frequently described as painful included the shoulders (75.2%), arms (66.9%),
lower back (64.3%), and thighs (63.1%). Pearson’s moment product correlations of number of
pain areas with TSSP-M difference scores were not significant at 0.17 Hz and 0.08 Hz (all p
> .05).

5.0 Discussion
Our experiments demonstrate that once TSSP has occurred in NC and FM patients, only very
low stimulus frequencies are necessary for its maintenance at the hands and feet. Specifically,
TSSP could be maintained in both groups at stimulus frequencies that are ineffective in
initiating this phenomenon. Compared to NC, TSSP-M of FM patients was enhanced during
repetitive heat pulses to the hands and feet providing evidence for increased central
sensitization in these chronic pain patients. Thus, our current study not only confirms abnormal
TSSP-M during repetitive heat stimuli to the hand of FM patients 40, but also extends theses
findings to the feet. In addition, sensitivity adjusted heat stimuli to both the hands and feet
resulted in significantly prolonged TSSP-AS of FM patients providing additional evidence for
abnormal central pain sensitivity in this pain population. Because TSSP and TSSP-M represent
psychophysical correlates of slow temporal summation of dorsal horn neurons, these results
clearly demonstrate enhanced central pain sensitivity in FM patients at both ends of the spinal
neuroaxis and therefore widespread central sensitization.

5.1 TSSP and Central Sensitization
Slow temporal summation of pain is dependent on C-fiber input and normally occurs only if
the nociceptive stimulus frequency is equal or greater than 0.33 Hz 7,24,30,30,49. The
neurotransmitters involved in TSSP include glutamate/aspartate, tachykinins, and substance P
(SP), which are released from C-fiber terminals and lead to progressive activation of N-methyl-
D-aspartate (NMDA) receptors in dorsal horn neurons by removal of the Mg-block from the
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ion channel. This spinal cord mechanism results in temporal summation of neuronal responses
and pain. TSSP and TSSP-M are central nervous system phenomena 28,30. Both reflect the
early stages of central sensitization, which are interfaced with later stages in which cascades
of intracellular signaling events lead to activation of kinases and subsequent phosphorylation
of ion channels and receptors 6,10,17,33,52,53. The latter are associated with long-term
neuroplastic changes including transcription and translation of genes which can change
receptor expression or phenotype of the neuron thus leading to increased excitability and central
sensitization.

5.2 TSSP-M
Animal experiments have shown that spinal cord neurons, conditioned by repetitive C-fiber
stimuli, require only minimal nociceptive input to maintain a sensitized state termed windup
(WU) 24. Without repetitive nociceptive input following WU, dorsal horn WDR neuronal
activity returns rapidly (within seconds) to baseline. Li et al. (1999) showed that WU-M could
not be attributed to prolonged afterdischarges of WDR neurons, because such discharges
rapidly became undetectable following WU. Thus WU-M likely relies on early central
sensitization events that occur rapidly during nociceptive stimulation and result in
amplification of central input to the spinal cord by synaptic modulators like SP, intracellular
kinases, nitric oxide, and cyclooxygenase-2 (COX-2) 51,53. Psychophysical testing of WU in
healthy human subjects has also shown that thermal TSSP pain decays rapidly and becomes
undetectable within six seconds after termination of nociceptive stimulation 43,47. In the
present study TSSP was produced by repetitive nociceptive thermal stimuli at a rate of 0.33
Hz. Subsequently experimental pain ratings of NC declined rapidly and frequency dependent
for TSSP-M stimuli of identical intensity delivered at 0.08 Hz or 0.16 Hz.

5.3 Abnormal TSSP-M of FM Patients
Patients with FM complain of widespread pain and fatigue without consistent evidence of
peripheral tissue abnormalities 36,36. Also, no peripheral nervous system abnormalities have
been associated with FM. However, FM patients show evidence of hyperalgesia for mechanical
cutaneous/muscle stimulation and for electrical as well as thermal stimuli 13,13,16,22,23,37.
In addition, central nervous system pain processing abnormalities, including increased TSSP,
have been consistently demonstrated in this chronic pain population 12,12,27,27,34,43. The
stimulus frequencies necessary to produce TSSP are well established for NC and include
repeated heat stimuli at ≥ 0.3 Hz 28,30,30. FM patients, however, demonstrate TSSP at lower
stimulus frequencies (< 0.2 Hz) and intensities than NC 43. To adjust for this group difference
between NC and FM subjects, heat stimulus intensities were adjusted according to each
individual subject’s TSSP sensitivity. This manipulation provided comparable starting points
for subsequent TSSP-M testing of NC and FM subjects at stimulus frequencies that do not
result in TSSP. Additionally, TSSP-M may have reduced possible rating bias because the
subjects could not anticipate heat tap related changes in pain intensity or aftersensations.

5.4 Widespread Central Sensitization in FM Patients
Mechanical hyperalgesia of FM patients is not restricted to TP but also present in other body
areas 37,46. Our study is the first to systematically examine central sensitization at both ends
of the spinal neuroaxis in FM patients. Our data suggest that central sensitization of FM patients
is increased but similar along multiple spinal cord levels. Although central sensitization along
the spinal neuroaxis of FM patients is not unexpected, the uniformity of central pain
hypersensitivity is surprising. An important factor contributing to this hypersensitivity is tonic
impulse input from peripheral tissues. This peripheral input may have been widespread and
similar in the upper and lower body areas of our FM cohort as indicated by their body pain
drawings (see 4.7).

Staud et al. Page 8

J Pain. Author manuscript; available in PMC 2008 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Similar to TSSP and TSSP-M, other measures including thermal and mechanical hyperalgesia
have been used to assess central hypersensitivity in FM 22,37. Evidence for widespread
mechanical hyperalgesia, however, has not only been found in FM but other musculoskeletal
pain syndromes including chronic whiplash injury 21. Here, muscular hyperalgesia was not
only detectable in the neck and shoulder region, but also in more distant body areas in which
the patients did not normally experienced pain. Similarly, increased mechanical pain sensitivity
of the fingers has been found in tension-type headache patients compared to NC subjects 4.
Although the exact pathogenesis of central hyperexcitability of FM patients is currently
unknown it may be the result of several factors, including (1) longlasting expansion of receptive
fields; (2) decrease in the efficacy of descending antinociceptive systems; or (3) heterotopic
facilitation caused by active nociceptive fibers outside the receptive fields 25.

6.0 Conclusions
The maintenance of thermal TSSP at the hands and feet of NC and FM subjects was compared
following a series of heat stimuli at 0.33 Hz that produced comparable magnitudes of second
pain summation for both groups of subjects. For NC and FM subjects, pain ratings declined
rapidly and in inverse proportion to the rate of stimulation during TSSP-M (0.17 or 0.08 Hz).
FM subjects, however, reported TSSP-M pain ratings as much higher and much more
prolonged than NC except during 0.08 Hz stimuli to the feet. At this frequency and location,
TSSP-M ratings of NC and FM subjects returned quickly to baseline and were not different
between groups, most likely related to floor effects. Thus our current study not only confirms
previously reported evidence for central sensitization of the cervical neuroaxis in FM 40 but
extends these findings to lumbo-sacral segments of the spinal cord. Because this abnormal
responsiveness to TSSP and TSSP-M stimuli was similar at both ends of the spinal neuroaxis,
our results provide evidence for widespread central sensitization in FM patients. Thus
widespread central sensitization is associated with body areas that are spontaneously painful
as well as those which are not.
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Figure 1.
Mean ratings (SD) of TSSP and TSSP-M of NC and FM subjects at the hands. After maximal
WU pain ratings of 50 NPS units were achieved (Induction) the subjects underwent TSSP-M
testing with 10 heat stimuli at 0.17 Hz (Panel A) and 0.08 Hz (Panel B) in counterbalanced
order (Maintenance). The ratings of the 1st (D1), 5th (D5) and 10th (D10) TSSP-M tap are
shown. Stimuli at 0.17 Hz resulted in greater TSSP-M pain ratings compared to 0.08 Hz in NC
(p < .001) and FMS subjects (p < .001). (T = heat tap; TSSP = temporal summation of second
pain; TSSP-M = TSSP maintenance; Tmax = maximal heat pain ratings during the last TSSP
stimulus).
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Figure 2.
Mean ratings (SD) of TSSP and TSSP-M of NC and FM subjects at the feet. After maximal
TSSP pain ratings of 50 NPS units were achieved (Induction) the subjects underwent TSSP-
M testing with 10 heat stimuli at 0.17 Hz (Panel A) and 0.08 Hz (Panel B) in counterbalanced
order (Maintenance). The ratings of TSSP-M tap 1, 5, and 10 are shown. Stimuli at 0.17 Hz
resulted in greater experimental pain ratings compared to 0.08 Hz in NC and FMS subjects (p
= .01). (T = heat tap; TSSP = temporal summation of second pain; TSSP-M = TSSP
maintenance; Tmax = maximal heat pain ratings during the last TSSP stimulus).
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Figure 3.
Ratings of TSSP and TSSP-AS of NC and FM subjects at the hands (Panel A) and feet (Panel
B). After maximal TSSP pain ratings of 50 NPS units (Tmax) were achieved the subjects rated
TSSP-AS 15 sec and 30 sec after the last heat pulse.
Panel A: TSSP-AS of NC and FM subjects after heat stimuli at the hands. For TSSP, 15 heat
stimuli adjusted to each individual’s pain sensitivity were applied to the hands at 0.33 Hz.
Panel B: Similarly, TSSP-AS of NC and FM subjects after repetitive heat stimuli to the feet.
For TSSP, 15 heat stimuli adjusted to each individual’s pain sensitivity were applied to the feet
at 0.33 Hz. TSSP-AS were more prolonged in FM subjects compared to NC at the hands (p = .
002) and feet (p = .03) indicating central sensitization.
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Table 1
Characteristics of Study Participants

NC mean (SD) FM mean (SD)
Age (years) 35.6 (14.1) 44.6 (15.9)
Pain VAS (0-10) 0 3.3 (1.5)
Number of Painful Body Areas
  - Upper Body (0-10) 0 5.2 (1.8)
  - Lower Body (0-10) 0 4.5 (1.4)
Tender Points (0-18) 4.5 16.6
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