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Abstract
Objective—In systemic inflammatory diseases such as rheumatoid arthritis, pain and
inflammation exhibit reciprocal inter-relationships. However, the nature of the association
between pain and inflammation in osteoarthritis (OA) is not clear. We assessed experimental pain
sensitivity and compared the inflammatory response to pain in 26 OA patients and 33 age-and sex-
matched controls from the general population.

Methods—Participants underwent psychophysical pain testing to assess pain sensitivity in
response to heat, cold and mechanical stimuli. Blood samples were taken at baseline and four time
points after testing to determine the effect of acute pain on C-reactive protein (CRP), interleukin 6
(IL-6), interleukin-1beta (IL-1β) and tumor necrosis factor-alpha (TNF-α).

Results—OA patients had lower pressure pain thresholds (P ≤ 0.003) and higher heat pain
ratings (P ≤ 0.04) than controls across multiple body sites. OA patients had higher CRP levels than
controls (P = 0.007). CRP levels did not change in response to pain testing. Although not
statistically significant, OA patients tended to have higher IL-6 levels than controls (P = 0.12).
IL-6 levels increased after pain testing in OA patients and controls (P < 0.0001), but the amount of
increase was not different between the two groups. Among OA patients, heightened pain
sensitivity was associated with elevated CRP and IL-6 (P ≤ 0.05).

Conclusions—Compared to controls, OA patients are more sensitive to experimental pain at
multiple body sites. IL-6 levels in OA patients and controls exhibited reactivity to acute painful
stimuli, increasing at similar rates after psychophysical pain testing.

Pain, stress and inflammation are intricately interrelated (1). Among patients with systemic
inflammatory diseases, such as rheumatoid arthritis (RA), the stress response is altered (2).

Corresponding Author: Yvonne C. Lee, MD, MMSc, Telephone Number: 617-732-8736, Fax Number: 617-731-9032,
ylee9@partners.org.
Address for Reprint Requests: 75 Francis Street, PBB-B3, Boston, MA 02115

Disclosures: Dr. Lee has stock ownership in Merck and Company, Novartis and Elan.

NIH Public Access
Author Manuscript
Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2012 March 01.

Published in final edited form as:
Arthritis Care Res (Hoboken). 2011 March ; 63(3): 320–327. doi:10.1002/acr.20373.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



RA patients not taking anti-TNF agents have significantly greater stress-induced increases in
TNF-α production compared to controls and RA patients taking anti-TNF agents (3).
Similarly, RA patients exhibit increases in serum IL-6 after mental stress associated with
anticipation of surgery (4) and increases in serum CRP after mental stress from paced
auditory serial addition (5); however, no changes in CRP or IL-6 were noted among
osteoarthritis (OA) patients in these studies.

The association between stress and inflammation in chronic pain syndromes with low levels
of systemic inflammation, such as OA, is not clear. To our knowledge, the two studies cited
above are the only two that have assessed the inflammatory stress response in OA. These
studies suggest that the inflammatory response to stress may not be as robust among OA
patients compared to RA patients (4, 5), but neither study compared the stress response
between OA patients and healthy controls. It is not clear whether other stressors (e.g.,
painful stimuli) may be more effective inducers of the inflammatory response.

The potential role of pain as a stressor that enhances the inflammatory response is intriguing
because this relationship could be a critical link in the cycle of pain and inflammation that
perpetuates chronic painful conditions. Although the effect of acute experimental pain as a
stressor in healthy individuals is well-documented (6–8), the data suggesting that pain
induces an inflammatory response are limited. A few studies have shown that experimental
pain stimuli induce elevations in serum IL-6 among healthy individuals, chronic low back
pain patients and RA and juvenile RA patients (9). Our group also recently reported an
increase in serum TNF-α among RA patients in response to acute experimental pain stimuli
(10). Although these studies have been small and these data are not conclusive, they suggest
that the relationship between pain and inflammation should be studied further.

In this study, we used psychophysical tests to assess experimental pain sensitivity in 26 knee
OA patients and 33 participants from the general population. We examined whether OA
patients are more sensitive to experimental pain stimuli than healthy controls and whether
the inflammatory response to pain is altered in OA patients compared to controls. These
questions were asked because previous studies have shown that OA is a disease involving
both peripheral and low-grade systemic inflammation, and inflammation may be associated
with central pain processing. Human genetic studies have identified inflammation-relevant
genotypes (e.g. polymorphisms in genes encoding IL-1 receptor antagonist) as potential risk
factors for OA pain severity (11), and animal studies have shown that peripheral application
of inflammatory cytokines induces hyperalgesia (12–14). Little, however, is known about
the association between deficits in central pain processing and systemic inflammation (15).

We hypothesize that OA patients are: 1) more sensitive to pain in a widespread distribution,
indicative of deficits in central pain processing and 2) have an increased systemic
inflammatory response to painful stimuli. Previous studies have established that OA patients
have lower pain thresholds than healthy controls (16–18), and we recently reported that RA
patients have elevated TNF-alpha levels in response to pain (10). If OA patients also have a
heightened systemic inflammatory response to pain, then this study may provide a crucial
link in the cycle of chronic pain and inflammation, suggesting a model in which peripheral
inflammation leads to deficits in central pain processing and widespread pain sensitivity.
This, in turn, may lead to an enhanced systemic inflammatory response that may reinforce
central pain processing deficits, leading to a cycle of chronic pain and inflammation.
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Patients and Methods
Participants

Participants were 26 patients with clinically diagnosed knee OA and 33 control participants
from the general population who did not have a clinical diagnosis of OA. OA patients were
recruited from the outpatient clinics at Johns Hopkins Hospital. Controls were recruited
from the Baltimore community. Inclusion criteria for OA patients were: clinically diagnosed
knee OA, documented by a physician in the medical record; pain attributed to knee OA
documented in the medical record; no current mood or anxiety disorder; no current
infection; no current pregnancy; no history of autoimmune disorders, cardiovascular disease,
peripheral neuropathy, Raynaud syndrome, or peripheral vascular disease; and no recent
history of substance abuse. OA patients were not required to have an x-ray to confirm OA
diagnosis, nor were they assessed for OA at other sites. Controls met the same inclusion
criteria. They were not screened radiographically for the presence of OA at the knees or
other joints. Exclusion criteria included a diagnosis of OA and a history of joint pain,
thereby excluding patients with clinical OA.

Consistent with other studies examining the role of acute pain stimuli on pro-inflammatory
cytokines (3, 10), participants were asked not to take non-steroidal anti-inflammatory drugs
(NSAIDs) within 24 hours of the study visit. Most common NSAIDs have half-lives less
than five hours (19), so the effect after 24 hours should be minimal. Participants taking
opioids, antidepressants, or corticosteroids were excluded. Participants were allowed to
continue all other medications. The study was approved by the Johns Hopkins Institutional
Review Board. All participants provided written informed consent.

Session protocol
Study visits started between 12:00 and 12:30 pm. Participants were asked not to smoke,
drink caffeine, use over-the-counter medications or participate in strenuous exercise on the
day of the visit. Participants completed questionnaires, including the Short Form Health
Survey 36 (SF-36) (20). Participants then underwent psychophysical pain testing.
Participants were seated in a reclining chair, and blood samples were drawn from an IV line,
a small catheter inserted into the vein. Two baseline blood samples were drawn 15 minutes
after IV placement, separated by five minutes between draws. Blood samples were taken
immediately after pain testing and 15, 30 and 60 minutes after testing.

Psychophysical pain testing
Pressure pain thresholds were assessed first, followed by contact heat and the cold pressor
task. Five minutes were allotted between tests for equilibration. The cold pressor task was
done last because it has the longest effects on subsequent pain responses.

Pressure pain thresholds were assessed at the trapezius muscle, the first
metacarpophalangeal joint, and the quadriceps muscle, using an algometer (Somedic
Production AB, Sollentuna, Sweden) with a 0.5 cm2 probe. The investigator increased the
pressure at a rate of 30 kPa/second until the participant indicated that the pressure was “first
perceived as painful.” Measurements were assessed two times at each site, on both sides of
the body.

A Medoc Thermal Sensory Analyzer (TSA-2001; Medoc Ltd., Ramat Yishai, Israel) was
used to apply contact heat stimuli. To assess heat pain thresholds, the investigator placed the
probe against the ventral forearm, and the temperature was increased at 0.5°C per second
until the participant indicated pain. This procedure was repeated a total of three times. To
assess suprathreshold heat pain ratings, four series of ten rapid heat pulses were applied to
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the forearm (10). Temperatures were increased at 10°C/second to a target temperature of
49°C (two sequences) or 51°C (two sequences). The target temperature was maintained for
0.5 seconds, and the temperature was decreased back to baseline at 10°C/second. The time
between series was two minutes. A numeric rating scale was used to rate the painfulness of
each pulse from 0 to 100.

A cold pressor task, involving immersion of the right hand in a 4°C water bath, was used to
assess responses to cold. During the first four trials, the hand was submerged in the water
bath for 30 seconds, with two minutes between immersions. At the end of each trial,
participants rated pain severity on a 0-to-100 scale. During the fifth trial, participants were
asked to keep their hands in the cold water until they could not tolerate the pain. Cold pain
tolerance was defined as the length of time participants’ hands remained submerged in
water. If participants did not remove their hands after three minutes, the trial was ended.

Physiologic measures
Enzyme-linked immunosorbent assays were used to measure serum levels of CRP (ALPCO
kit: lower limit of detection 0.10 mg/L; sensitivity: 0.05 mg/L; intra-assay coefficient of
variation: < 5%), IL-6 (R&D Systems kit: lower limit of detection: 0.16 pg/mL; sensitivity:
0.04 pg/mL; intra-assay coefficient of variation: < 5%), IL-1β (R&D Systems kit: lower
limit of detection: 0.06 pg/mL; sensitivity: 0.06 pg/mL; intra-assay coefficient of variation:
< 5%), and TNF-α (R&D Systems kit: lower limit of detection: 0.25 pg/mL; sensitivity:
0.06 pg/mL; intra-assay coefficient of variation: < 10%). CRP, IL-6 and IL-1β were chosen
because a meta-analysis showed that these biomarkers were elevated following acute
experimental stress (21). TNF-α was chosen because previous analyses indicated that TNF-
α increased after exposure to acute experimental pain stimuli among RA patients (10). All
tests were run in duplicate.

Data analysis
Univariate associations were assessed using Fisher’s Exact Tests, t-tests or Wilcoxon rank
sum tests. Multivariable linear regression models were used to examine the association
between OA diagnosis and baseline inflammatory markers, adjusted for body mass index
(BMI). Baseline values for inflammatory marker concentrations were obtained by averaging
the measurements from the two baseline blood samples. Logarithm transformations were
performed for CRP and IL-6 due to deviations from normality.

General linear mixed models were used to evaluate between group differences in log CRP,
log IL-6, IL-1β and TNF-α over the course of a session. Because the demographic data were
similar between the two groups and sample sizes were small, we did not control for age,
gender or race. The SF-36 general health subscale score was included as a covariate to
adjust for differences in perceived health. BMI was included because it was significantly
associated with CRP. General linear mixed models were used to assess the association
between psychophysical pain measures and log CRP, log IL-6, IL-1β and TNF-α during the
course of the study. Non-linear relationships were examined using quadratic terms. If these
terms were significant (P ≤ 0.05), they were included in the model. If these terms were not
significant, a linear model was assumed. Due to the small sample size, we did not adjust for
covariates. All analyses were performed using the SAS 9.2 (SAS Institute, Cary, NC, USA).

Results
Patient Characteristics

OA patients (n = 26) did not differ from controls (n = 33) in age, gender, race or BMI (P >
0.1). OA patients scored significantly lower on all measures of physical health, assessed by
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the SF-36 (P < 0.05). OA patients also had lower scores on the SF-36 social functioning and
role-emotional scales (P < 0.05) (Table 1).

Psychophysical Pain Measures
Compared to controls, OA patients had lower pressure pain thresholds at all sites (P <
0.005). Heat pain ratings were significantly higher among OA patients compared to controls
(P < 0.05). Heat pain thresholds were lower among OA patients compared to controls, but
this difference was not statistically significant (P = 0.15). Cold pain ratings and cold pain
tolerance did not differ significantly between the two groups (P > 0.1) (Table 2).

Baseline Inflammatory Markers
At baseline, log CRP was significantly higher among OA patients compared to controls (P =
0.009). OA patients also had higher baseline log IL-6 levels than controls, though this was
not statistically significant (P = 0.09). Baseline IL-1β and TNF-α levels did not differ
between OA patients and controls (P > 0.1).

Inflammatory Markers after Psychophysical Pain Testing
Throughout the duration of the study, log CRP values were higher among OA patients
compared to controls (P = 0.007). There was no significant effect of time or group x time
interaction (P > 0.1). Similarly, log IL-6 values were higher among OA patients compared to
controls, throughout the study. However, this difference was not statistically significant (P =
0.12). There was a main effect of time (P < 0.0001), indicating increases in IL-6 from
baseline to post-testing, but no interaction between group and time (P > 0.1). IL-1β and
TNF-α levels were similar among OA patients and controls throughout the study. There was
no significant effect of time or group x time interaction on IL-1β or TNF-α levels (P > 0.1)
(Figure 1).

Associations between Psychophysical Pain Measures and Inflammatory Markers after
Psychophysical Pain Testing among OA Patients

Log CRP was significantly associated with pressure pain threshold at the leg, pressure pain
threshold at the trapezius and cold pain rating when these measures were modeled as
quadratic predictors of log CRP over time (P < 0.05). Log CRP was linearly associated with
pressure pain threshold at the thumb (P = 0.01). Log CRP was not significantly associated
with other psychophysical pain measures (Table 3).

Log IL-6 was significantly associated with cold pain tolerance and heat pain ratings when
these measures were modeled as quadratic predictors of log IL-6 over time (P < 0.05). Log
IL-6 was not significantly associated with other psychophysical pain measures (Table 3).
IL-1β and TNF-α were not significantly associated with any psychophysical pain measures.

Discussion
Our results confirm previous studies reporting enhanced pain sensitivity at multiple sites
among OA patients (16–18, 22). While localized pain sensitivity is associated with
alterations in peripheral pain processing, widespread pain sensitivity is associated with
dysfunction in central pain processing. These observations strengthen arguments that
physicians should “think outside the joint” when examining the relationship between pain
and inflammation (23–25). OA patients had lower pain thresholds and higher suprathreshold
pain ratings than controls for all experimental stimuli, but the only statistically significant
results were the differences in pressure pain thresholds and heat pain ratings between OA
patients and controls. This may indicate that different experimental pain measures are
influenced by diverse underlying pain mechanisms. The literature is divided regarding
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whether sensitivity to specific painful stimuli represents distinct pain pathways or whether
multiple pain mechanisms overlap to create a general sensitivity to pain. In previous studies,
pain thresholds for different experimental pain stimuli have been moderately associated (r =
0.33–0.46) (26, 27). These modest correlations may reflect peripheral differences in
sensation. For example, pressure nociceptors, which lie within the muscle, likely respond
differently than heat nociceptors, which lie in the skin (28). Similarly, the difference in OA
and control participants in heat pain ratings, but not heat pain thresholds, may be due to
variations in the pain mechanisms assessed by pain ratings compared to pain thresholds. In
this study, suprathreshold heat pain ratings and heat pain thresholds were moderately
correlated (r = −0.38 – −0.43), suggesting that these measures reflect overlapping but not
identical mechanisms. While pain thresholds assess the initial sensation of pain, transmitted
by fast-conducting Aδ fibers, suprathreshold pain ratings measure intense pain stimuli,
mediated by slower-conducting C-fibers. Although these mechanisms are peripheral, they do
not negate the importance of central pain mechanisms, as both likely contribute to overall
pain severity. As in previous studies (29, 30), serum CRP levels were elevated in OA
patients compared to controls. These observations are consistent with the hypothesis that OA
may have a systemic inflammatory component. Previous longitudinal studies have also
indicated that high CRP levels predict incident OA (30), supporting the contention that
inflammation plays a role in the etiopathogenesis of disease.

In case-only analyses, widespread hyperalgesia to pressure stimuli was associated with
elevated CRP levels during the course of the study. This is the first report of a relationship
between widespread pressure hyperalgesia and serum CRP levels. Our prior study in RA
patients showed that serum CRP levels were associated with pain threshold at joints but not
at non-joint sites, suggesting a peripheral, rather than a central, mechanism linking CRP to
pain sensitivity (31). However, the median CRP concentration among RA patients in that
study was 2.6 mg/L, which is lower than the median CRP concentration among OA patients
in this study (3.6 mg/L). The low CRP concentrations in our earlier study likely reflect good
disease control, as most RA patients were treated with DMARDs. Given the role of pro-
inflammatory cytokines such as IL-6, IL-1β and TNF-α in pain modulation (32), it is
possible that effective DMARD treatment may prevent the development and/or maintenance
of widespread hyperalgesia.

Alternatively, hyperalgesia may lead to CRP elevations by increasing the aversive impact of
pain. Individuals who verbally express greater sensitivity to experimental pain may also
have greater inflammatory responses to pain. In the short course of this study, we did not
observe an increase in CRP after acute pain stimulation, but the effects of chronic pain may
be different. Although the relationship between pressure hyperalgesia and CRP
concentration is intriguing, these results need to be replicated in larger, longitudinal studies
before conclusions can be made. We also observed a trend towards higher log IL-6 levels
among OA patients compared to controls. This observation is consistent with the Chingford
study, which showed that log IL-6 levels were significantly higher in patients diagnosed
with knee OA than those who did not develop knee OA (33).

The Chingford study, however, reported statistically significant results whereas our study
only showed a trend towards higher log IL-6 levels among OA patients. This discrepancy is
likely due to statistical power. Although the difference in mean log IL-6 levels was similar
in both studies, the Chingford study included 908 individuals, whereas this study only
included 59 participants (33). IL-6 increased after experimental pain stimuli in OA patients
and controls, complementing previous studies showing IL-6 reactivity to painful stimuli in
healthy individuals (34, 35), low back pain patients (36) and RA patients (10). Previous
studies have suggested that increases in IL-6 occur due to de novo synthesis and/or stress-
induced reductions in plasma volume (21). While initial increases in IL-6 concentration may
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be due to changes in plasma volume, IL-6 elevations at 60 minutes likely reflect increased
IL-6 production because plasma volume returns to baseline levels within 30 minutes (21).

In case-only analyses, heat pain ratings and cold pain tolerance were significantly associated
with IL-6 during the course of the study. IL-6 is a pro-inflammatory cytokine that affects
both peripheral and central pain processing (32). In rats, peripheral and central application of
IL-6 leads to thermal and mechanical hyperalgesia and allodynia (12–14). In humans, IL-6 is
associated with clinical pain severity in RA patients (10), chronic pain patients (37), and
patients with post-operative pain (38–40). Combined with our data showing increases in
IL-6 after psychophysical pain testing, these studies suggest that increases in IL-6 may
sensitize nociceptors to further noxious inputs, leading to enhanced clinical pain severity.
We hypothesize that the heightened pain sensitivity may also reflect lower thresholds for
immunological responses to pain, leading to further increases in IL-6, creating a cycle of
inflammation, hyperalgesia and enhanced clinical pain severity. However, larger
longitudinal studies are needed to specifically delineate the relationships between pain
mechanisms and the inflammatory response. It is not clear whether similar relationships
exist with respect to CRP, TNF-α and IL-1β, though this study did not demonstrate
reactivity of these biomarkers to acute experimental pain.

The lack of association between pressure pain thresholds and IL-6 contrasts with animal data
as well as our data showing significant associations between pressure pain thresholds and
CRP. The discrepancy in these results may be due to the different mechanisms by which
specific molecules modulate pain (32). CRP is an acute phase reactant regulated by
cytokines, including IL-6, IL-1 and TNF-α. A recent study showed that IL-6 alters
inhibitory dorsal horn synaptic transmission, while TNF-α controls excitatory synaptic
transmission. IL-1β exerted both excitatory and inhibitory influences on synaptic
transmission (32). It is not clear whether CRP exhibits an independent effect on pain
processing or whether it is a marker of these cytokines’ effects.

Neither TNF-α nor IL-1β differed between OA patients and controls at baseline or in
response to painful stimuli. In contrast to our findings, a previous study reported higher
IL-1β and TNF-α levels among OA patients compared to controls (41). It is possible that
comparisons between OA patients and controls in our study were biased towards the null
because our inclusion criteria did not require radiographic evidence of OA for patients in the
OA group nor the absence of radiographic evidence of OA for controls. Thus, some patients
classified as OA may not have had radiographic OA changes, and some controls may have
had undiagnosed radiographic OA. Our results also contrast with our previous data in RA,
which showed enhanced TNF-α reactivity in response to pain (10). The differences in TNF-
α reactivity between OA and RA patients may reflect differences in inflammatory pathways.
Compared to OA patients, RA patients have higher serum TNF-α concentrations (42). RA
patients also have significantly elevated synovial fluid TNF-α levels compared to OA
patients with similar levels of synovitis (43). These baseline differences in TNF-α
concentration may reflect underlying differences in the capacity to synthesize TNF-α, which
may impact TNF-α reactivity in response to pain.

This study is limited by its small sample size, short visit duration and cross-sectional design.
Due to the small sample size and high intra-group variability in pain thresholds and ratings,
clinically significant differences in pain responses, as well as associations between
psychophysical pain measures and pro-inflammatory biomarkers, may not have been
detected. The small sample size also precluded subgroup analyses to determine whether
specific groups (e.g. OA patients with longer disease duration) demonstrate enhanced pain
reactivity. In addition, all study measures were performed at one study visit, during which
blood samples were obtained up to 60 minutes after pain testing. Thus, possible changes in
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biomarker concentrations occurring after 60 minutes were not documented. Furthermore, the
cross-sectional design made it impossible to determine whether inflammation led to
heightened pain sensitivity or whether heightened pain sensitivity led to chronic pain, which
stimulated the production and/or release of pro-inflammatory biomarkers.

In future studies, it will be important to collect data regarding OA severity via radiographs.
In addition, measurements of synovial fluid inflammatory markers may provide insight
about joint inflammation. Currently, data regarding the association between serum and
synovial fluid levels of cytokines is lacking, and it is unclear whether serum cytokine levels
accurately reflect joint inflammation in OA (44).

In summary, this study highlights the relationship between pain and the inflammatory
response in OA by identifying associations between psychophysical pain measures and pro-
inflammatory cytokine levels. Compared to controls, OA patients are more sensitive to
pressure stimuli at multiple sites, suggesting defects in central pain processing. In response
to painful stimuli, IL-6 levels increased in OA patients and controls, while CRP, TNF-α and
IL-1β levels did not change. Among OA patients, high CRP levels were associated with low
pressure pain thresholds, and high IL-6 levels were associated with high heat pain ratings.
These data are hypothesis-generating and suggest that pain and inflammation may play
reciprocally interactive roles in OA, with inflammation contributing to enhanced pain
sensitivity and clinical pain severity, which, in turn, may stimulate inflammatory responses.
These data must be replicated in larger, longitudinal studies before firm conclusions can be
made.
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Figure 1.
Changes in serum levels of a) log CRP, b) log IL-6, c) IL-1β and d) TNF-α over the course
of the session. Data are presented as mean ± standard error. OA = osteoarthritis.
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Table 1

Characteristics of osteoarthritis patients (n = 26) and healthy controls (n = 33).*

Characteristic Osteoarthritis Controls P value

Demographics

 Mean age, years (SD) 59.0 (7.5) 57.7 (10.3) 0.59†

 Female (N, %) 20 (76.9) 23 (69.7) 0.57‡

 Caucasian (N, %) 20 (76.9) 28 (84.9) 0.73‡

 Median body mass index, kg/m2 (IQR) 27.5 (24.8, 32.6) 27.9 (24.3, 30.0) 0.60§

Median SF-36 Subscale Score

 Physical function (IQR) 65.3 (30.3, 80.3) 90.0 (75.0, 95.0) 0.0007§

 Role physical (IQR) 50.0 (25.0, 100.0) 100.0 (75.0, 100.0) 0.002§

 Bodily pain (IQR) 55.0 (45.0, 67.5) 90.0 (70.0, 100.0) <0.0001§

 General health (IQR) 67.5 (45.0, 75.0) 75.0 (70.0, 85.0) 0.03§

 Vitality (IQR) 65.0 (50.0, 75.0) 65.0 (55.0, 75.0) 0.61§

 Social functioning (IQR) 87.5 (62.5, 100.0) 100.0 (87.5, 100.0) 0.03§

 Role emotional (IQR) 100.0 (66.7, 100.0) 100.0 (100.0. 100.0) 0.04§

 Mental health (IQR) 82.0 (68.0, 92.0) 84.0 (65.0, 92.0) 0.93§

*
SD = standard deviation; SF-36 = Short Form-36; IQR = interquartile range.

†
By Student’s t-test.

‡
By Fisher’s exact test.

§
By Wilcoxon’s rank sum test.
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Table 2

Experimental pain measures among osteoarthritis patients (n = 26) compared to healthy controls (n = 33).*

Experimental Pain Measure Osteoarthritis Controls P value

Mean Leg Pressure PTh, kPa (SD) 511.5 (221.1) 732.3 (307.3) 0.003†

Mean Thumb Pressure PTh, kPa (SD) 260.7 (98.7) 405.1 (159.4) < 0.0001†

Mean Trapezius Pressure PTh, kPa (SD) 342.3 (132.6) 501.7 (220.5) 0.001†

Median Heat PTh, °C (IQR) 44.5 (40.4, 46.7) 46.5 (42.8, 48.2) 0.15‡

Median Heat Pain Rating at 49°C (IQR) 47.5 (40.0, 87.5) 40 (22.5, 60.0) 0.04‡

Median Heat Pain Rating at 51°C (IQR) 72.8 (42.5, 100) 50.0 (25.0, 70.0) 0.02‡

Mean Cold Pain Rating (SD) 73.7 (22.0) 65.8 (22.4) 0.18†

Median Cold Pain Tolerance, seconds (IQR) 73.5 (36.0, 180.0) 110.0 (35.0, 180.0) 0.69‡

*
PTh = pain threshold; kPa = kilopascals; SD = standard deviation.

†
By Student’s t-test.

‡
By Wilcoxon’s rank sum test.
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Table 3

Association between baseline experimental pain sensitivity measures and log CRP and log IL-6 after
experimental pain sensitivity testing among OA patients.* †

Variable Log CRP Log IL-6

F P F P

Leg Pressure PTh 8.13 0.009 0.98 0.33

Leg Pressure PTh * Leg Pressure PTh 6.58 0.02 − −

Thumb Pressure PTh 7.44 0.01 0.02 0.88

Thumb Pressure PTh * Thumb Pressure PTh − − − −

Trapezius Pressure PTh 9.99 0.004 0.97 0.33

Trapezius Pressure PTh * Trapezius Pressure PTh 9.36 0.006 − −

Heat PTh 0.55 0.46 0.27 0.61

Heat Pain Rating at 49°C 1.17 0.29 4.51 0.04

Heat Pain Rating at 49°C * Heat Pain Rating at 49°C − − 4.27 0.05

Heat Pain Rating at 51°C 1.96 0.17 5.79 0.02

Heat Pain Rating at 51°C * Heat Pain Rating at 51°C − − 5.26 0.03

Cold Pain Rating 5.20 0.03 0.03 0.87

Cold Pain Rating * Cold Pain Rating 5.11 0.03 − −

Cold Pain Tolerance 0.74 0.40 5.96 0.02

Cold Pain Tolerance * Cold Pain Tolerance − − 6.57 0.02

*
CRP = C-reactive protein; IL-6 = interleukin-6; PTh = pain threshold.

†
By repeated measures mixed models. Some rows do not have F and P values because the quadratic term was not significantly associated with log

CRP or log IL-6. In these instances, the quadratic term was dropped, and only the linear relationship was modeled.
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