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Abstract
Multiple abnormalities in pain processing have been reported in patients with chronic
musculoskeletal pain syndromes. These changes include mechanical and thermal hyperalgesia,
decreased thresholds to mechanical and thermal stimuli (allodynia), and central sensitization, all of
which are fundamental to the generation of clinical pain. Therefore, we hypothesized that
quantitative sensory tests may provide useful predictors of clinical pain intensity of such patients.
Our previous studies of fibromyalgia (FM) patients have shown statistically significant
correlations of quantitative sensory test results with clinical pain intensity, including mechanical
spatial summation, number of pain areas, wind-up, and wind-up aftersensations. Although these
tests predicted up to 59% of the variance in FM clinical pain intensity, their expense and technical
complexities limited widespread use in clinical practice and trials. Thus, we developed practical
tests of primary (mechanical) and secondary (heat) hyperalgesia that also strongly predict clinical
pain intensity in patients with chronic musculoskeletal pain disorders. Thirty-six individuals with
FM, 24 with local musculoskeletal pain, and 23 normal controls underwent testing of mechanical
and heat hyperalgesia at the shoulders and hands. All subjects rated experimental pains using an
electronic visual analog scale. Using either heat or pressure pain ratings as well as tender point
counts and negative affect as predictors, up to 49.4% of the patients' variance of clinical pain
intensity could be estimated. Results of this study emphasize the important contributions of
peripheral and central factors to both local and widespread chronic pain. Overall, measures of
mechanical and heat hyperalgesia in combination with tender point and negative affect provided
powerful predictors of clinical pain intensity in chronic musculoskeletal pain patients that can be
readily used in clinical practice and trials.

Perspective—Simple tests of mechanical and heat hyperalgesia can predict large proportions of
the variance in clinical pain intensity of chronic musculoskeletal pain patients and thus are feasible
to be included in clinical practice and clinical trials.

Keywords
Mechanical; heat; hyperalgesia; tonic; fibromyalgia; back pain; chronic pain

Characteristic symptoms of chronic musculoskeletal pain include widespread pain, fatigue,
and distress.28,69 The pain is most consistently described as dull and aching and appears to
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be related to deep tissue structures. Accordingly, many patients present with tenderness to
mechanical stimulation of deep tissues3,8,24,42,57 that can be evaluated by pressure
algometry.34,37,43,44 In addition, many chronic musculoskeletal pain patients have been
found to be hyperalgesic to heat, cold, and electrical stimuli,15,24,31 and they frequently
complain of fatigue, insomnia, and emotional distress.29,30,58,72,73 Tender point (TP) counts
have been used to characterize chronic widespread pain sufferers,70,75 specifically
fibromyalgia (FM) patients. TPs, however, seem to reflect not only tenderness but more
importantly psychological distress in these patients.73

Peripheral and central abnormalities of nociception have been described in musculoskeletal
pain patients.8,24,25,45 Important nociceptive systems in the skin and deep tissues of these
patients seem to undergo profound changes, resulting in sensitization of the
hyperpolarization-activated cyclic nucleotide-gated ion channels,18 transient receptor
potential channels, acid-sensing ion channel receptors, and purinoreceptors.2 Tissue
mediators of inflammation and nerve growth factors can excite these receptors and cause
extensive changes in pain sensitivity.16 However, the exact contributions of these specific
factors to overall peripheral mechanisms of musculoskeletal pain remain uncertain.

Positive associations between pain sensitivity and clinical pain intensity have been reported
within groups of musculoskeletal pain patients.38 For example, low pressure pain thresholds
were found to be associated with back pain intensity and deterioration of physical
functioning among patients with chronic low back pain.10 Using trigger point manipulation
at the shoulder of FM patients, investigators reported good correlations between referred
pain areas and clinical pain (r2 = .36).20 However, many studies found that pain threshold
measurements do not reliably predict clinical pain intensity in chronic musculoskeletal pain
patients5,14; that is, cervical pressure pain thresholds (PPTs) and neck pain scores were only
weakly correlated with clinical pain intensity (r = −.20 to −.33)35 in patients with whiplash-
associated disorder, and there was no significant correlation between tibialis anterior PPT
and pain score (r = −.01 to −.21).

We have previously shown that psychophysical measurements, including number of painful
body areas,63 mechanical spatial summation aftersensations,62 and wind-up (WU)
aftersensations,64 individually predicted up to 64% of the variance of FM patients' clinical
pain. Most of these tests require special equipment and/or considerable expertise, which may
have contributed to their lack of wide acceptance in clinical practice and clinical trials. Thus,
we developed quantitative sensory tests of mechanical and heat hyperalgesia that can be
readily made available to researchers and clinicians alike as reliable predictors of clinical
pain intensity. We hypothesized that measures of mechanical and heat hyperalgesia would
reflect relevant factors of peripheral and central pain processing and thus clinical pain.
Accordingly, mechanical hyperalgesia and heat hyperalgesia were tested at body locations
proximal (shoulders) and distal (hands) to spontaneously painful sites in musculoskeletal
pain patients. In addition, we assessed negative affect, which has previously shown
moderate correlations with clinical pain.56 We tested our hypotheses in patients with chronic
widespread pain (FM) and local (neck and shoulder) musculoskeletal pain (LMP) disorders
as well as normal pain-free controls (NCs).

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 protocol
conformed to the ethical guidelines of the Declaration of Helsinki.
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Study Subjects
NC and LMP participants came from the local community. They had received information
about the study from print or TV advertisements. FM subjects were recruited at the Health
Science Center Outpatient Clinics and from FM support groups. Use of analgesics, including
nonsteroidal anti-inflammatory drugs, tramadol, and acetaminophen, was not allowed during
the study. No subject was taking narcotic analgesics during the trial. Medications needed for
treatment of chronic medical conditions such as hypertension or hypothyroidism were
permitted during the study.

Inclusion and Exclusion Criteria
Inclusion criteria for participants were 1) adults over the age of 18; 2) the ability to give
informed consent; 3) NC subjects had to be healthy and pain free; 4) widespread pain
patients had to fulfill the 1990 American College of Rheumatology (ACR) Criteria for
FM75; and 5) LMP subjects had to have >3 months of localized chronic neck/shoulder pain.
Exclusion criteria were 1) a relevant medical condition besides musculoskeletal pain; 2)
current participation in another research protocol that could interfere or influence the
outcome measures of the present study; 3) the inability to give informed consent; 4) current
use of analgesic drugs, anxiolytic drugs, antidepressants except amitriptyline, flexeril, or
trazodone (all ≤10 mg per day), or cough suppressants. All subjects taking analgesic drugs
or antidepressants before enrollment went through a wash-out phase of 5 drug half-lives
prior to study entry.

Ratings of Clinical Pain—A mechanical visual analog scale (VAS) (0–100) was used to
rate somatic pain at the beginning and end of the experiments.48 Although the NC subjects
were required to be pain free at enrollment, they were asked to rate any somatic pains before
and after testing sessions to capture possible new-onset symptoms such as back pain and
headaches.

Electronic VAS Used for Ratings of Experimental Pain—An electronic VAS (e-
VAS) was used to rate experimental pain ranging from 0 to 100. Details and characteristics
of this scale have been previously published.52 Briefly, the e-VAS is an electronic pain scale
that is displayed on 2 separate 19-inch monitors, with only 1 display visible to the subject.
This monitor depicts a horizontal black bar anchored on the left by “no pain at all” and on
the right by “the most intense pain imaginable.”48 Turning a dial moves a second (red) bar
across the black bar from left to right indicating the intensity of the sensation. On the second
monitor, visible only to the investigator, this rating is displayed numerically between 0 and
100. All subjects were instructed to use the e-VAS to rate painful sensations continuously as
well as for 1 minute after termination of the experimental pain stimulus (to rate
aftersensations). During the experiments each subject's ratings was sampled at a frequency
of 20 Hz.

Experimental Design
For the experiments we designed tonic mechanical and heat stimuli that slowly increased
from baseline to a plateau phase resulting in preferential C-fiber activation47,49,50 (Fig 1).
Mechanical measures were chosen because their pain ratings frequently reflect a
combination of primary and secondary hyperalgesia.65 In contrast, pain ratings of heat
stimuli are more exclusive measures of secondary hyperalgesia.60 We selected quantitative
sensory testing (QST) sites at the shoulders and hands for several reasons: 1) the shoulders
were chosen because most patients with FM or neck pain complain of shoulder pain
(primary hyperalgesia); 2) in contrast, few FM and neck pain patients report painful hands,
indicating their hand hyperalgesia as secondary. Prior to the experimental stimuli all subjects
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underwent a brief training period to familiarize themselves with the e-VAS. Subsequently
they received 6 mechanical and 6 heat stimuli to the shoulders and hands in counterbalanced
fashion while comfortably seated. Shoulder stimuli (mechanical and heat) were always
applied to the center of the shoulders (midpoint between the cervical spine and acromion on
the trapezius muscle), whereas painful pressure to the hands was placed on the dorsal
webspace between the first and second fingers. All subjects received heat stimuli to the
hands at the center of the thenar eminence. The interval between each experimental stimulus
was at least 1 minute or until all painful aftersensations had disappeared. During testing, the
subjects were asked to continuously use the e-VAS to rate pain intensity.

Thermal Probe—A Peltier thermode with a contact surface of 3 × 3 cm (9 cm2)
(TSA-2001; Medoc Advanced Medical Systems, Ramat Yishai, Israel) was used for the heat
stimuli. For heat pain testing the probe was brought into firm contact with the skin of the
trapezius or thenar eminence for 10 seconds.

Mechanical Probe—A calibrated electronic algometer (Somedic AB, Horby, Sweden)
was utilized forthe pressure stimuli. The rubber tip of the algometer was 1 cm in diameter.
The algometer has an electronic display showing the pressure (kPa) as well as the pressure
changes applied to the subjects.

Mechanical Pain Stimuli—Six 10-second pressure stimuli were applied in
counterbalanced order to the center of the shoulders (trapezius muscle) and the web space
between first and second fingers (adductor pollicis muscle) of both hands. After the
algometer was placed on the target area (shoulder or hand), pressure was gradually increased
to 200 and 400 kPa in all subjects, respectively. The pressure increase varied (33 kPa/second
for 200 kPa and 67 kPa/second for 400 kPa stimuli) to reach peak pressure within 6 seconds.
Subsequently, peak pressure was maintained for 4 seconds (Fig 1). The subjects were
instructed to continuously rate the intensity of pressure pain during this procedure using e-
VAS.

Heat Pain Stimuli—Experimental heat pain was elicited by 10-second pulses to the skin
overlying the trapezius muscle or thenar eminence of the hands. In order to preferentially
activate C-fiber afferents the Peltier probe was programmed to gradually increase from
ambient (38°C) to target temperature in 6 seconds. Subsequently, it remained at peak
temperature for 4 seconds for a total stimulus duration of 10 seconds (Fig 1). Three 10-
second heat pulses each were applied to each trapezius area and each thenar eminence in
counterbalanced order. Stimulus intensities included 44°C and 46°C. The subjects were
instructed to continuously rate the intensity of the heat pain during this procedure using e-
VAS.

Tender Point Testing
Nine paired TPs as defined by the ACR Criteria75 were assessed by a trained investigator
(E.E.W.) using a Wagner dolorimeter (Force Measurement, Greenwich, CT). 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/s. The subjects were instructed to report
when the sensation at the examination site changed from pressure to pain. At that moment,
pressure testing was stopped and the result recorded as positive if maximal pressure was ≤4
kg. If no pain was elicited at ≥4 kg the test result was listed as negative.

Questionnaires
The Medical College of Virginia Pain Questionnaire21,22 was applied to all study subjects. It
has 2 domains, consisting of ratings of pain (VAS) and negative emotions related to chronic
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pain (VAS). All subjects were instructed to also complete the Beck's Depression Inventory
(BDI-II)7 and the Spielberger State/Trait Anxiety Questionnaires.59 The BDI-II is a self-
administered 21-item self-report rating inventory measuring characteristic attitudes and
symptoms of depression. Scores can range from 0 to 63. A score of 19 and higher is
indicative of clinical depression. Spielberger's State/Trait Anxiety Inventory consists of 20
items that ask how a person feels now and reflects situational factors that may influence
anxiety levels. Scores range from 20 to 80; the higher the score, the greater the level of
anxiety. All questionnaires except the BDI-II were only used to characterize the study
subjects. The results of the BDI-II were entered into regression analyses of clinical pain
intensity.

Data Analysis
Statistical analyses were calculated using SPSS 20.0 software (SPSS Inc, Chicago, IL). For
group comparisons of mechanical and heat-related pain ratings, 1-way analysis of variance
(ANOVAs) were used. Significant differences between groups were decomposed using
Tukey's Honestly Significant Difference tests. Hierarchical regression analysis was used to
determine the independent contributions of mechanical and heat peak pain ratings, TPs, and
negative affect to overall clinical pain intensity in FM and LMP subjects. Only results of
200 kPa pressure and 44°C heat stimuli at the shoulders and hands are reported here,
because results of 400 kPa pressure and 46°C heat stimuli did not provide fundamentally
different predictors of clinical pain intensity.

Results
Study Participants

We enrolled 23 NC subjects (20 females), 36 FM subjects (35 females), and 24 LMP
subjects (18 females) into the study (Table 1). Whereas all NC and LMP subjects were
recruited through advertising, 97% of all FM subjects came from University of Florida
outpatient clinics. Only 3% of FM subjects came from FM support groups. The mean age
(standard deviation [SD]) of study participants was 42.3 (13.6), 47.6 (12.8), and 39.5 (18.2)
for NC, FM, and LMP subjects, respectively. A 1-way ANOVA demonstrated no significant
effect of diagnostic group (P > .05). Average number of TPs (SD) was 3.4(3.5) for NC, 15.8
(3.5) for FM, and 9.3 (5.3) for LMP subjects. A 1-way ANOVA showed a significant effect
for diagnostic group (P < .001). Post hoc comparisons demonstrated significantly higher TP
counts in FM subjects compared to all other groups as well as LMP subjects compared to
NC subjects (all P < .002).

Clinical Pain Ratings
Overall clinical pain of NC subjects was minimal (2.0 VAS units on a 100-point scale),
whereas FM and LMP subjects rated their average (SD) pain as 47 (25) and 29 (23) VAS
units, respectively. A 1-way ANOVA showed a significant effect for diagnostic group
(F[2,80] = 32.6; P < .001). Subsequent post hoc tests demonstrated significant differences in
clinical pain between all groups (P < .01) (Fig 2).

Ratings of Mechanical Pain Stimuli
Shoulder Stimuli—All subjects received three 200- and 400-kPa pressure stimuli to each
shoulder. Mean (SD) peak e-VAS ratings of 200- and 400-kPa pressure stimuli by NC,
LMP, and FM subjects are listed in Table 2. A 1-way ANOVA of 200-kPa ratings
demonstrated a significant effect for diagnostic group (F[2,80] = 22.0; P < .001) (Fig 3).
Post hoc tests showed pressure pain ratings as significantly higher for FM compared to all
other diagnostic groups (P < .001).
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Hand Stimuli—The experimental pressure pain protocol was repeated at the hands (dorsal
webspace between first and second fingers) of all study subjects. The average (SD) peak e-
VAS ratings of NC, LMP, and FM subjects for 200- and 400-kPa stimuli at the hand are
listed in Table 2. A 1-way ANOVA demonstrated a significant effect of diagnostic group
(F[2,73] = 13.1, P < .001). Post hoc tests showed that pressure pain ratings were
significantly different between all diagnostic groups (P < .001). Because 400-kPa stimuli at
the shoulders and hands did not provide fundamentally different predictors of clinical pain
intensity than 200-kPa stimuli, only the analyses of 200-kPa stimuli are reported here.

These findings demonstrate that mechanical hyperalgesia is widespread in both LMP and
FM subjects and can be used to detect significant group differences between all study
subjects, including NC subjects.

Ratings of Heat Pain Stimuli
Shoulder Stimuli—All subjects received three 10-second heat stimuli at 44°C and 46°C
to each shoulder in counterbalanced fashion. Mean (SD) peak e-VAS ratings of 44°C and
46°C stimuli are listed in Table 2. Because 46°C stimuli at the shoulders and hands did not
provide fundamentally different predictors of clinical pain intensity than 44°C stimuli, only
the analyses of 44°C stimuli are reported here. A 1-way ANOVA of 44°C stimulus ratings
demonstrated a significant effect for diagnostic group (F[2,70] =4.0; P < .03; part η2 = .10;
Fig 4). Post hoc testing showed heat pain ratings as significantly different only between NC
and FM groups (P < .02). All other group comparisons were not statistically different (P > .
05).

Hand Stimuli—The experimental heat pain protocol was repeated at the hands (thenar
eminence) of all study subjects. The average (SD) peak e-VAS ratings of NC, LMP, and FM
subjects for 44°C and 46°C stimuli at the hand are listed in Table 2. A 1-way ANOVA of
44°C stimulus ratings demonstrated a significant effect for diagnostic group (F[2,61] = 9.6,
P < .001). Subsequent post hoc testing showed heat pain ratings as significantly higher in
FM than the other groups (P =.01). In addition, heat pain ratings of LMP subjects were
significantly higher than those of NC subjects (P < .02).

These results show that heat hyperalgesia is widespread in LMP and FM subjects and that
significant group differences are detectable at both the shoulders and hands of all study
subjects.

Predicting Clinical Pain Intensity Using Pressure Stimuli
Several hierarchical regression analyses were used to determine whether pressure pain
ratings can predict clinical pain intensity in FM and LMP subjects. Because our previous
work with FM subjects has demonstrated significant contributions of TPs and negative
affect to clinical pain,64 we decided a priori to include TP count and BDI-II scores in our
model. To decrease the number of comparisons and thus spurious findings, multiple other
factors were omitted from this analysis because we had no strong a priori hypotheses for
their inclusion.

Using Pressure Pain Ratings at the Shoulders—A hierarchical regression analysis
was performed using clinical pain intensity VAS ratings as the predicted variable. Shoulder
pressure pain sensitivity at 200 kPa was entered as predictor variable in the first block,
followed by TP count and BDI-II scores entered in separate blocks. The results of the
regression indicated that 45.3% and 38% of the variance in clinical pain scores was
predicted by pressure sensitivity of FM and LMP subjects, respectively (Table 3A). Besides
pressure pain ratings, neither TP count nor BDI-II scores contributed significantly to the
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pain variance in FM and LMP subjects. Overall, 50% and 39.4% of the pain variance of FM
and LMP subjects, respectively, was predicted by unique contributions of pressure pain
ratings at the shoulders, TP count, and BDI-II scores (Table 3A).

Using Pressure Pain Ratings at the Hands—As before, hierarchical regression
analyses were performed using clinical pain intensity VAS ratings as the predicted variable.
Hand pressure pain sensitivity at 200 kPa, TP count, and BDI-II scores were entered as
predictor variables. The results of these regressions indicated that 32.9% and 47.3% of the
variance in clinical pain scores was predicted by pressure sensitivity in FM and LMP
subjects, respectively (Table 3B). Besides pressure pain ratings, neither TP count nor BDI-II
scores contributed significantly to the pain variance in FM and LMP subjects.

Overall, 46.6% and 49.2% of the pain variance of FM and LMP subjects, respectively, was
predicted by unique contributions of pressure pain ratings at the hands, TP count, and BDI-II
scores (Table 3B).

Predicting Clinical Pain Intensity Using Heat Stimuli
Whether heat hyperalgesia ratings can predict clinical pain intensity in FM and LMP
subjects was tested in several hierarchical regression analyses. Again, we decided a priori to
include TP count and BDI-II scores in our final model.

Using Heat Pain Ratings at the Shoulders—Parallel to the regression analyses
reported above, we tested heat hyperalgesia, TP count, and BDI-II scores as predictors for
clinical pain intensity. Again, heat pain ratings at 44°C, TP count, and BDI-II scores were
entered in separate blocks. 16.9% and 26.8% of the variance in clinical pain scores was
predicted by heat pain ratings of FM and LMP subjects, respectively (Table 4A). While TP
counts predicted 26.9% of FM subjects' pain variance, BDI-II scores did not significantly
contribute to variability in clinical pain for either group. Overall, 48.3% of the pain variance
of FM subjects was predicted by unique contributions of heat pain ratings at the shoulders,
TP count, and BDI-II scores (Table 4A). In contrast, the final prediction model for clinical
pain was not significant in LMP subjects.

Using Heat Pain Ratings at the Hands—As before, hierarchical regression analyses
were performed using clinical pain intensity VAS ratings as the predicted variable. Hand
heat pain sensitivity at 44°C, TP count, and BDI-II scores were entered as predictor
variables. The results of these regressions indicated that 18.6% and 28.7% of the variance in
clinical pain scores was predicted by heat pain sensitivity of FM and LMP subjects,
respectively (Table 4B). Again, TP counts and BDI-II scores did not significantly contribute
to variability in clinical pain. Overall, 49.4% of the pain variance of FM subjects was
predicted by unique contributions of heat pain ratings at the hands, TP count, and BDI-II
scores (Table 4B). The final model for predicting clinical pain was not significant in LMP
subjects.

Combining Pressure and Heat Pain Ratings
When experimental pressure and heat pain ratings were entered into a hierarchical
regression analysis together with TP counts and BDI-II scores to predict the variability in
clinical pain intensity, only experimental pressure pain made a unique contribution to the
prediction of pain (r2 = 49.7, beta = .5; P < .05).
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Discussion
Results from our study indicate that simple tests of heat and mechanical hyperalgesia at the
hands or shoulders can distinguish local or widespread chronic musculoskeletal pain patients
from each other and from NCs. More importantly, however, the same tests of heat and
mechanical hyperalgesia predicted large proportions of the variance in clinical pain ratings
of LMP and FM patients. Specifically, single measures that reflect a combination of primary
and secondary hyperalgesia, such as ratings of mechanical hyperalgesia of shoulder muscles,
predicted large proportions of the variance in clinical pain intensity (45.3%) and easily
distinguished LMP and FM groups. Adding measures of TP and negative emotion to these
mechanical tests added only minor additional predictability (total: 50%). In contrast, more
exclusive measures of secondary hyperalgesia, such as pain ratings of heat stimuli applied to
the hand/shoulder,60 accounted for 28.7% of the variance in clinical pain intensity, about
63% of that of provided by mechanical tests. These differences suggest a simple means of
separately evaluating combinations of primary and secondary hyperalgesia (eg, mechanical
testing) and exclusive contributions of secondary hyperalgesia (eg, heat tests). However,
adding TP and negative affect measures to ratings of heat pain resulted in a model that
demonstrated unique contributions from factors that reflect psychological distress and
predict nearly 50% of the variance in clinical pain intensity. Although previous tests of
mechanical spatial summation accounted for similar amounts of the variance in clinical pain
intensity (56%),62 the required methodologies of those studies were technically elaborate
and time-consuming, and they cannot easily be implemented in clinical practice and clinical
trials. In contrast, QST used in the current study was brief, used only moderately intense
stimuli, and did not require expensive instrumentation. Furthermore, little psychophysical
expertise was required to perform these tests. The predictive value of these simple tests and
statistical models of the present study are likely associated with many of the same factors
that have shown predictive value in the past, including TPs, temporal summation of pain,
and pain-related emotions.

Tenderness as Predictor of Clinical Pain
TP examination was one of the first quantitative sensory tests introduced into clinical
practice. TPs seemed to reflect the deep tissue tenderness of FM patients via decreased pain
thresholds (allodynia) at multiple body sites. In 1990, TPs were adopted by the ACR as an
essential criterion for theFMsyndrome.75 Chronic pain patients fulfill this criterion if they
report pain at ≥11 TP sites when stimulated with pressures of ≤4kg. Early on, however, the
limitations of TP counts became apparent because they not only failed as predictors of
widespread clinical pain conditions12,13,33 but also did not correlate highly with clinical pain
intensity.26,32,41,54,71 However, TPs were strongly associated with psychological
distress41,71 and appeared to be more useful as predictors of health care use and disability
than pain intensity in FM patients.12 Although the results of our current study confirm these
findings, they seem to indicate that TPs can capture a significant portion of the variance in
clinical pain (13%) of FM but not LMP patients.

In order to improve some of the shortcomings of pain threshold testing, the multiple random
staircase (MRS) method has been used to assess tenderness of chronic musculoskeletal pain
patients, including FM.21 However, MRS testing is time-consuming and requires special
equipment, which may have prevented widespread use of this method in research and
clinical practice. Pressure pain sensitivity as determined by MRS was found to predict up to
27% of the variance of clinical pain intensity of FM patients.21 Similar to our study, the
proportion of clinical pain intensity predicted by heat pain sensitivity testing (5.7%) was
significantly lower than that predicted by pressure pain.
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Measures of Central Sensitization as Predictors of Pain Intensity
Besides mechanical allodynia, other psychophysical abnormalities have been well
characterized in chronic musculoskeletal pain patients, including temporal summation of
pain or WU.27,53,61,66,68

WU reflects mechanisms of early central sensitization (CS) manifested by increased
excitability of neurons within the spinal cord.76 CS is demonstrated by increases in receptive
field size, increased responsiveness to nociceptive and non-nociceptive stimuli, and
increased ongoing impulse activity.11 Behaviorally, CS is related to heightened pain
sensitivity with a spread to uninjured sites (secondary hyperalgesia) and the generation of
pain by low threshold receptors (allodynia).67 These changes are fundamental to the
mechanisms of some forms of clinical pain.

WU aftersensations, which are strongly affected by central sensitization, have been used as
predictors of clinical pain in FM patients. When WU aftersensations were entered into
regression models of FM pain intensity that also included TP count and pain-related
negative affect, 50% of the pain variance could be predicted.64

Because WU aftersensations are dependent on temporal summation and central sensitization,
these findings indirectly suggest that central sensitization is an important part of the
mechanisms relevant for FM pain. Abnormalities of WU and its aftersensations, however,
are not unique to FM. They are also found in back pain, complex regional pain syndrome,
and trigeminal neuralgia.17,23,40,46,51

Negative Affect as a Predictor of Pain Intensity
Generally, there seems to be an association between clinical pain and negative
mood,6,19,22,36,55 and this relationship has been detected in many chronic pain
studies.1,4,9,39,71,74 Several investigations of chronic pain patients have shown that negative
affect can predict a moderate amount of the clinical pain variance,19,22,36 and similar
relationships have been described in FM patients.39,64 However, in the current investigation,
negative affect did not make a significant contribution to clinical pain most likely due to low
levels of depression in our study population.

Limitations
Some of the limitations of this study include its small sample size and its cross-sectional
design, which will not allow determining cause-effect relationships of the results. The
heterogeneity of the pain complaints by the LMP subjects may have limited the
interpretation of the study findings, which nevertheless allowed meaningful comparisons
across groups.

Conclusions
Our previous studies of chronic musculoskeletal pain patients have shown strong
correlations of mechanical spatial summation, WU, WU aftersensations, and negative affect
with clinical pain intensity. We now have added to these findings by showing that simple
tests of mechanical and heat hyperalgesia can predict large proportions of the variance in
clinical pain intensity of chronic musculoskeletal pain patients. Such strong correlations
between experimental and clinical pain intensity suggest that peripheral nociceptive input is
required for clinical pain in patients with chronic musculoskeletal pain disorders.65 Most
critically, however, these simple tests will be far more feasible to be included in clinical
practice and clinical trials.
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Furthermore, results from psychophysical tests used in our study provide a means of
separately assessing contributions of primary and secondary hyperalgesia to clinical pain, as
well as contributions from factors related to psychological distress (BDI-II). Thus, measures
of heat and mechanical hyperalgesia could easily be applied in clinical practice and trials for
chronic pain disorders, including widespread (eg, FM) and regional (eg, low back, neck,
arthritis) pain. Tests used in the present study may embody unique contributions of
peripheral and central mechanisms to both local and widespread chronic pain. Yet, similar to
previous studies,63 our results also suggest that pain-related negative emotions may make
significant contributions to clinical pain intensity. Thus, mechanical and heat hyperalgesia as
well as negative affect may represent relevant and separate mechanisms that contribute to
chronic musculoskeletal pain syndromes and provide specific targets for treatments.
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Figure 1.
Time course of pressure and heat pulses used at the shoulders and hands. The solid line
represents the time course of either 200 kPa pressure or 44°C heat pulses. Duration of all
experimental pain stimuli was 10 seconds. Pressure increased from baseline (0 kPa) to peak
levels (200 kPa) in 6 seconds. Subsequently, they remained at peak levels for 4 seconds.
Similarly heat pulses increased from baseline (38°C) to peak levels (44°C) in 6 seconds and
remained at peak levels for 4 seconds.
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Figure 2.
Clinical pain ratings of all study subjects using a mechanical VAS (0–100). Mean (SD) pain
ratings of LMP and FM subjects were 29.3 (23.4) and 46.8 (25.0), respectively. NC subjects
reported only minimal incidental pains. Clinical pain ratings significantly differed among all
groups (P < .001).
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Figure 3.
Shoulder and hand pain ratings of all subjects during pressure stimuli. Experimental pressure
stimuli were applied to the middle of the shoulders (trapezius muscle) or to the space
between the first 2 fingers using an electronic algometer. After 10 seconds of 200-kPa
pressure pain, ratings of FM subjects were significantly higher than either NC or LMP
subjects. No significant differences in pressure pain ratings were noted between NC and
LMP subjects (P > .05). Similar results were found at the hands.

Staud et al. Page 17

J Pain. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Shoulder and hand pain ratings of all subjects during heat stimuli. 10 seconds heat stimuli
were applied to the skin overlying the middle of the trapezius muscles or to the thenar
eminence of the hands. Experimental pain ratings of FM subjects at the shoulders were
significantly higher at 44°C than NC or LMP subjects (P < .01). However, there was no
significant difference between heat pain ratings of LMP and NC subjects (P > .05). Similar
findings were obtained at the hands.
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Table 1
Demographics of Study Participants

NC LMP FM

Screened subjects 24 F; 3 M 25 F; 9 M 44 F; 6 M

Enrolled subjects 20 F; 3 M 18 F; 6 M 35 F; 1 M

Age (SD) (years) 42.3 (13.6) 39.5 (18.2) 47.6 (12.8)

Pain (SD) (0–100) 2.0 (.3) 29 (23) 47 (25)

TP count (SD) 3.2 (3.3) 9.5 (5.4) 14.6 (4.5)

BDI-II score (SD) 3.4 (3.9) 12.7 (8.0) 14.8 (9.9)

Abbreviations: F, female; M, male.
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Table 2
Average (SD) Ratings of Pressure and Heat Pain at Shoulders and Hands

NC LMP FM

Shoulders - pressure

 200 kPa (peak) 7.1 (11.8) 13.9 (17.4) 43.1 (29.4)

 400 kPa (peak) 21 (22.3) 27.0 (24.6) 55.6 (29.0)

Shoulders - heat

 44°C (peak) 12.8 (17.3) 17.1 (23.6) 29.0 (23.5)

 46°C (peak) 22.6 (24.4) 33.6 (26.4) 48.7 (30.5)

Hands - pressure

 200 kPa (peak) 10.9 (13.6) 12.3 (11.3) 34.3 (24.4)

 400 kPa (peak) 23.7 (24.5) 26.2 (18.8) 51.3 (29.4)

Hands - heat

 44°C (peak) 4.9 (4.8) 14.3 (13.9) 31.0 (26.1)

 46°C (peak) 12.4 (9.1) 26.6 (18.0) 49.4 (27.5)
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