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Abstract
Context—Persistent pain is common following surgical treatment of breast cancer, but fairly
little is known about the changes in sensory processing that accompany such pain syndromes.

Objectives—This study employed quantitative sensory testing (QST) to compare psychophysical
responses to standardized noxious stimulation in two groups of women who had previously
undergone breast cancer surgery: women with (n=37) and women without (n=34) persistent post-
operative pain.

Methods—Participants underwent a single testing session in which responses to a variety of
noxious stimuli were assessed.

Results—Findings suggested that women with chronic pain after breast cancer surgery display
enhanced temporal summation of mechanical pain, deficits in endogenous pain inhibition, and
more intense painful after-sensations compared with those without long-term pain. Some of these
group differences were mediated by higher levels of pain catastrophizing in the group of women
with persistent pain.

Conclusion—These findings suggest that persistent post-operative pain is associated with
alterations in central nervous system pain-modulatory processes. Future treatment studies might
benefit from targeting these pain-modulatory systems, and additional studies using functional
neuroimaging methods might provide further valuable information about the pathophysiology of
long-term post-surgical pain in women treated for breast cancer.
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Introduction
The development of chronic pain following breast surgery is strikingly common; reviews of
the literature on mastectomy and lumpectomy indicate that persistent (i.e., lasting more than
three months) post-breast surgery pain occurs in close to 50% of cases, at a variety of sites
(1–4). In a recent, large study (over 3,000 women) with long-term (on average, over two
years post-surgery) follow-up, a total of 47% of women continued to experience pain after
breast cancer treatment (5). Patients report that pain is the most frequent and impairing
symptom after breast surgery (6), and persistent pain has a substantial adverse impact on
emotional and physical functioning and quality of life among women who have undergone
surgical treatment of breast cancer (7–11). The advent of conservative breast surgery (i.e.,
lumpectomy), although having positive effects on body image (12), has not resulted in a
reduction in the rates of persistent post-surgical pain (5,13,14). In fact, several reports even
suggest higher rates of post-lumpectomy pain compared with post-mastectomy pain (15, 16).
Indeed, some evidence suggests that breast surgery may even increase the experience of pain
at distant muscle and joint sites, potentially via alterations in neuroendocrine or
inflammatory systems, or direct sensitizing effects on the central nervous system (CNS)
(17). The large, and increasing, numbers of annual breast surgeries (18, 19) dictate that
millions of women may suffer from treatment-related pain following breast surgery, which
historically has been undertreated (20).

Whereas individual differences in long-term, pain-related outcomes following breast cancer
treatment are well-documented, it is not entirely clear what differentiates women who
develop persistent post-operative pain from those who do not. One factor of interest
comprises individual differences in pain sensitivity and pain modulation, evaluated by
measuring responses to standardized noxious stimuli under highly controlled conditions
(21–23). A number of surgical studies have used Quantitative Sensory Testing (QST)
techniques to assess the relationship between basal pain sensitivity and outcomes such as
acute post-operative pain. Following limb amputation (24), cholecystectomy (25), anterior
cruciate ligament repair (26), gynecologic surgery (27), lower abdominal surgery (28),
biopsy (29), and cesarean section (30;31), pre-surgical QST findings were significantly
correlated with acute postoperative pain. In each case, individual differences reflecting
greater sensitivity to pain (e.g., lower pain thresholds) were associated with more intense
acute post-operative pain. Although similar studies of long-term post-operative pain are few,
pre-surgical variability in thermal pain responses did predict six-month post-thoracotomy
pain outcomes (32), and pre-operative mechanical hyperalgesia was associated with poorer
pain-related outcomes at three months after shoulder surgery (33), and at six months post
chest surgery (34).

To date, several QST studies have assessed women with post-mastectomy or post-
lumpectomy pain (35). Most of these studies perform testing in the affected area of the body,
generally testing the operated breast as well as the contralateral breast (36, 37). In general,
these studies have noted the presence of hyperalgesia, allodynia, and enhanced temporal
summation of pain in the surgical area, and one study (38) has reported lowered pressure
pain thresholds at a variety of body sites, suggesting a process akin to central sensitization.
Collectively, however, relatively little is known about pain modulation in women with long-
lasting pain after breast cancer treatment, and even less is known about the relationship of
these factors to psychosocial functioning. Numerous reports have documented the
prevalence and impact of negative affective factors in women with persistent pain following
breast cancer treatment (7, 13, 39), but these processes have not been studied as potential
contributors to maladaptive central pain processing mechanisms. Cognitive and emotional
factors such as catastrophizing are strongly related to enhanced pain sensitivity in both
healthy adults and patients with chronic pain (40–44), but such psychosocial factors have
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not been studied as contributors to altered pain modulation in women with chronic pain after
breast cancer treatment. Our goal in the present study was to compare matched groups of
women with and without persistent pain after lumpectomy on QST measures of pain
sensitivity and pain modulation, and to assess the potential contributory role of psychosocial
factors to any observed group differences.

Methods
Study Design and Participants

This was a cross-sectional cohort study; 71 women were recruited who had been diagnosed
with early-stage breast cancer and had undergone unilateral breast cancer surgery and
radiation therapy at least one year prior to participation. All patients were cancer-free at the
time of testing (i.e., T0N0M0) and were not undergoing current treatment. Patients were
excluded from the study if they had undergone re-operation, had a diagnosis of peripheral
neuropathy, a history of myocardial infarction, a chronic pain syndrome (e.g., low back pain,
migraine) in which the pain was rated as moderate to severe in intensity, or cognitive
limitations that precluded providing self-report data. Recruitment was conducted via local
posting of electronic and print advertisements. Flyers were posted around the offices of
oncologists and primary care physicians at Brigham & Women’s Hospital. Interested
participants called in, and underwent a telephone-based screening before coming in for an
initial study visit. Participants received $50 as compensation for their participation.

Questionnaires
Standard demographic information and medical and surgical history information was
collected by self-report. Questionnaires administered included:

The Brief Pain Inventory (BPI) (45) is frequently recommended as a measure of pain
severity and pain interference for patients with chronic malignant or nonmalignant pain (46).

The Beck Depression Inventory (BDI) is a well-validated, commonly-used, general measure
of depressive symptomatology (47).

The Pain Catastrophizing Scale (PCS) (48) is a well-validated, widely-used, self-report
measure of catastrophic thinking associated with pain (49). The PCS has good psychometric
properties in pain patients and controls (50).

The 20-item version of the Pain Anxiety Symptoms Scale (PASS) (51) is a measure of fear
and anxiety responses that are specific to pain. It is a well-validated and widely used
instrument in studies of patients with and without chronic pain.

In addition to these questionnaire measures, participants rated fatigue on a 0–100 visual
analogue scale, and rated their current pain intensity on a 0–10 numeric rating scale.
Participants also responded to questions about their experience of post-surgical pain. These
included “At its most intense, how would you rate the pain following surgery,” and “Are
you still experiencing pain from the surgery”?

Session Protocol
Study subjects provided informed consent, and all procedures were approved by the Partners
Institutional Review Board at Brigham & Women’s Hospital. Many of these procedures
have been described in our previous studies (44, 52, 53). Ratings of current psychological
stress (i.e., “How much stress are you feeling right now?”) and current resting clinical pain
intensity ratings (on a 0–10 scale) were obtained prior to the testing session, and current
verbal ratings of anxiety (on a 0–10 scale, with “no anxiety” and “severe anxiety” as the
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respective anchors) were obtained during the testing session (44). During the session,
subjects were seated comfortably in a reclining chair. First, resting blood pressure and heart
rate were assessed, after which participants underwent the psychophysical testing procedures
described below:

Psychophysical Pain Testing—First, contact heat stimuli were delivered using a
contact thermode (Medoc Advanced Medical Systems, Ramat Yishai, Israel). We used a 9
cm2 thermode applied to the volar forearm, and followed an ascending method of limits
paradigm with a rate of rise of 0.5°C/second. Thermal assessment included sampling of
warmth and cool thresholds, followed by heat pain thresholds (HPTh) and cold pain
thresholds (CPTh), followed by heat pain tolerance (HPTo), all tested on the ventral forearm
(44, 54).

Mechanical pain thresholds were assessed using a digital pressure algometer (Somedic,
Sollentuna, Sweden). Pressure pain thresholds (PPThs) were determined twice, bilaterally at
the trapezius muscle and the metacarpophalangeal joint of the thumb. At each site,
mechanical force was applied using a 0.5 cm2 probe covered with polypropylene pressure-
transducing material; pressure was increased at a steady rate of 30 kPA/second until the
subject indicated that the pressure was “first perceived as painful.” Participants then
underwent an assessment of mechanical temporal summation using weighted pinprick
stimulators, as in a previous study (44). The lowest-force stimulator that produced a
sensation of discomfort (128 or 256 mN for most subjects) was used to apply a train of 10
stimuli to the skin on the dorsum of the hand at the rate of one per second. Participants rated
the painfulness of the first, fifth, and tenth stimulus, and also rated any ongoing pain after-
sensations 15 seconds following the final stimulus.

Reaction to prolonged pressure pain was ascertained via cuff pressure algometry (CPA). In
brief, tonic, deep-tissue, mechanical stimulation is applied using a pneumatic tourniquet
cuff, which is inflated to and maintained at a particular pressure (55). The present protocol
utilized a Hokanson rapid cuff inflator (D.E. Hokanson, Inc., Bellevue, WA); a standard
blood pressure cuff was wrapped comfortably around the lower leg, over the gastrocnemius
muscle. A computer-controlled air compressor maintained the pressure at a level that was
individually tailored for each subject, to produce a pain intensity rating of 40/100. Cuff
inflation was maintained for two minutes, and subjects rated pain intensity at 30-second
intervals.

Finally, responses to noxious cold were evaluated using a repeated cold pressor task (CPT),
involving immersion of the right hand in a circulating cold water bath maintained at 4°C. In
the present protocol, participants underwent a series of three cold pressor tasks, with the first
two comprising serial immersions of the right hand for 30 seconds, with two minutes
between immersions. The third and final CPT involved an immersion of the right hand
lasting until a participant reached pain tolerance (or a three-minute maximum). Participants
rated the intensity of the cold pain on a 0–100 scale (“no pain” to “most intense pain
imaginable”) at the midpoint of each CPT.

During the first two cold pressor tasks, we also assessed conditioned pain modulation
(CPM), a non-invasive test of endogenous pain-inhibitory systems using a heterotopic
noxious conditioning stimulation paradigm (56, 57). CPM depends on opioid-mediated
supraspinal mechanisms (58), is a sensitive measure of deficits in pain modulation in
fibromyalgia and related disorders (59), and has previously been shown to predict the
development of long-term clinical pain (32). In the present protocol, during each CPT, PPTh
was assessed on the contralateral trapezius. CPM was quantified as percent change in PPTh
during the cold pressor tasks relative to baseline PPTh, with an increase in PPTh being
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expected. Cold pain intensity ratings (0–100) also were obtained at 30-second intervals
following each of the cold pressor tests.

Data Analysis
Participants were classified as having (n=37) or not having (n=34) persistent postoperative
pain on the basis of their responses to the question “Are you still experiencing pain from the
surgery?” as well as their BPI responses. Simple between-group comparisons were made
using Chi-square tests (in the case of categorical variables) or t-tests (in the case of
continuous variables). The majority of QST variables were found to deviate significantly
(P< 0.05) from normality using the Kolmogorov-Smirnov test; consequently, group
comparisons on QST variables were conducted using Mann-Whitney U tests. Mediational
analyses were conducted using Sobel’s test, a widely-used and recommended method for
testing mediation (60, 61). Statistical mediation refers to a case in which one variable (the
mediator) “accounts for” the association between an independent/predictor variable and a
criterion variable (62, 63). The Sobel test determines whether, when the mediator is included
in a regression analysis model with the independent variable, the effect of the independent
variable is significantly reduced while the effect of the mediator remains significant. In the
present study, we examined whether psychosocial variables that differed between groups
statistically “explained” a significant portion of observed group differences in QST
responses. Such tests of mediation are commonly performed in cross-sectional studies such
as this one, although the design precludes actual causal interpretations. All analyses were
performed using SPSS v. 19 (SPSS Inc., Chicago, IL). The sample sizes in prior QST
studies of pain responses in women with and without post-lumpectomy pain have ranged
from n= 26 (36) to n= 82 (38); based on the moderate to large effect sizes observed in those
studies, we estimated that a sample size of n= 72 would provide power of at least 0.80 to
detect group differences in pain responses. Alpha was set to α= 0.05 for the study. We
elected not to adjust for multiple comparisons, following the convention in other QST
studies (44, 64, 65), even those with very large sample sizes (64). While noting that Type II
errors can be just as important as Type I errors (66), other researchers have highlighted the
overly-conservative nature of correction procedures such as Bonferroni when testing
correlated outcomes (67). It is clear from a number of prior studies that there are strong
inter-relationships among QST variables (64, 68, 69), and we have, therefore, not applied
such (over-conservative) correction methods here.

Results
Questionnaire Data

Women with (n=37) and without (n=34) persistent post-operative pain did not differ (all Ps>
0.2) on demographic variables such as age, ethnicity, education, etc. Similarly, the groups
did not differ (Ps> 0.3) on surgery-related variables such as the length of time since surgery,
or the operative side. No group differences were evident in the proportion of women who
reported having received hormonal treatment (e.g., tamoxifen) (Table 1). All participants in
both groups were cancer-free at the time of testing, and none were receiving ongoing
chemotherapy or radiation. The groups also did not differ in the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) (62% in the group of women with long-term pain, 56% in the
group without), and few patients were taking opioid medications (8% in the group with
long-term pain, a single patient, representing 3%, in the group without). Group differences
were observed on measures of participants’ recall of the maximum intensity of acute post-
operative pain, as well as on measures of current pain, pain-related interference, and fatigue,
with elevated reports of pain, interference, and fatigue in the group of women with chronic
post-lumpectomy pain (Ps< 0.05; Table 1). On affective measures, no significant group
differences were observed for depressive symptoms or pain-related anxiety (Ps > 0.2);
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however, the group of women with chronic post-surgical pain did report higher levels of
catastrophizing (P< 0.01).

In-Session Data
As expected, verbal reports of current clinical pain (0–10 pain intensity ratings) at the
beginning of the QST session were higher in women with persistent post-operative pain (P<
0.001; Table 2). However, blood pressure, heart rate, 0–10 verbal ratings of current stress,
and 0–10 verbal ratings of current anxiety were similar between the groups (Ps> 0.2).

Thermal data were not available for 15 participants because of equipment failure. The two
groups did not differ in the proportion of subjects for whom data were not available, and
analysis of the 56 subjects with thermal data revealed no group differences in warm or cool
threshold, and heat or cold pain threshold (Ps> 0.1). The Mann-Whitney U test for heat pain
tolerance approached significance (P= 0.06). In addition, no group differences were found
for pressure pain thresholds, for cuff pressure, or for cuff pain ratings (Ps> 0.4), but the
chronic pain group did demonstrate increased temporal summation of mechanical pain (P<
0.05), with group differences in pain ratings increasing from the first to the fifth to the tenth
punctate stimulus (Fig. 1). Mann-Whitney U tests revealed that the groups did not differ in
their rating of the first stimulus (P> 0.05), but that the chronic pain group had higher pain
ratings for the fifth (P< 0.05) and tenth (P= 0.01) stimuli. When the groups were compared
on ratings of cold pressor pain, no differences emerged for maximum pain ratings, or for
cold pain tolerance, but the chronic pain group did rate higher levels of after-sensation pain
at 30 and 60 seconds following the termination of the cold pressor water immersion (Ps≤
0.01). Moreover, the CPM Index (i.e., the ratio of PPTh during cold pressor to baseline
PPTh, multiplied by 100) was higher (i.e., a greater increase in PPTh during the cold pressor
test, representing a larger CPM effect) in women without long-term post-surgical pain (P=
0.009).

Mediation
Finally, using Sobel’s test, we evaluated whether group differences in catastrophizing
mediated group differences in CPM, mechanical temporal summation, or cold pain after-
sensations. No mediation was observed for CPM or temporal summation effects, but for cold
after-sensations, partial mediation was observed (Sobel’s Z= 2.0, P< 0.05); higher
catastrophizing was associated with elevated cold pain after-sensations, and group
differences in painful after-sensations were rendered nonsignificant when controlling for
catastrophizing.

Discussion
The present findings indicate differences in central pain modulation between women
experiencing chronic pain after breast cancer surgery and women who underwent similar
surgeries but did not develop chronic pain. Enhanced temporal summation and painful after-
sensations in women reporting chronic pain, along with decrements in CPM, may indicate a
relative predominance of facilitation over inhibition in central pain processing. The
specificity of these effects (e.g., the groups did not differ in various pain threshold measures)
makes it unlikely that explanations such as response bias might underlie the observed group
differences. Higher levels of catastrophizing among the women with chronic pain did
account for group differences in painful after-sensations, but not for the reduction of CPM
and amplification of temporal summation observed in the group with chronic pain. Whether
such differences in pain-modulatory processes represent pre-existing risk factors that
contribute to the development and maintenance of chronic pain after surgery, or whether
they are the consequence of chronic pain, is currently unknown, although at least one study
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has suggested that pre-operative CPM strongly predicts risk for chronic post-surgical pain
(32). Longitudinal studies will be necessary to answer this question definitely, and to
determine whether interventions that impact pain-modulatory processes can alter the risk or
impact of persistent post-operative pain.

It is certainly possible that, for many patients, the surgical injury itself may have induced
changes in pain processing. Indeed, the prevailing theory is that the development of
persistent pain after an injury such as surgery is the result of plastic events/sensitization of
the central and peripheral nervous systems (14,70,71). There is extensive evidence from
animal models of persistent pain that an inciting stimulus (chemical, inflammatory, or
mechanical injury) can alter expression of proteins at the cellular level, thus changing the
phenotype and function of both peripheral and central nociceptive neurons and glial cells
(72,73). Human studies also have revealed that tissue injury and surgery can produce
widespread sensitization and hyperalgesia (74). Thus, the observed group differences in
QST-assessed pain responses may be attributable to post-operative, maladaptive plastic
changes in CNS pain processing in women with persisting pain following surgery. Then
again, well over a dozen studies have now documented associations between pre-operative
individual differences in pain sensitivity/modulation and post-operative pain outcomes
(71,75,76). Indeed, such inter-individual variability may reflect genetic variation that
contributes to both laboratory-assessed responses to standardized noxious stimuli and to risk
for the development of chronic pain (77). Of course, these interpretations are not mutually
exclusive, and it seems probable to us that both preoperative characteristics and post-
operative changes would likely have contributed to shaping the group differences we
observed in the present sample.

Although we do not have data that bear directly on the neurophysiological mechanisms that
may underpin group differences in pain responses, prior studies have hinted at the
neurochemical systems that may be involved in mediating CPM and temporal summation.
CPM, a sensitive measure of deficits in pain modulation in fibromyalgia and related
disorders (59), appears to depend on endogenous opioid-mediated supraspinal mechanisms
(58,78). Temporal summation, an analogue of central sensitization, represents an important
pathophysiological process that contributes to the development and maintenance of pain
states in a number of clinical contexts (79–82). Whereas the temporal summation of pain
involves processes at the spinal level, recent functional neuroimaging studies have
highlighted the clear contribution of supraspinal processes as well (83–85). Collectively, the
modulation of temporal summation appears to involve the activity of descending pain-
inhibitory systems, which are known to play crucial roles in pain processing (86). In prior
studies, medications such as N-methyl-D-aspartic acid antagonists, gamma-aminobutyric
acid agonists, and opioids have been shown to reduce temporal summation of pain (87–91).
Interestingly, recent investigations of effective multimodal treatments for pain after
lumpectomy or mastectomy have included combination therapies that impact these
neurotransmitter systems (92, 93). Future work in this area may benefit from evaluating
whether these psychophysical indices of pain modulation could serve as early markers of
treatment response.

The finding that catastrophizing mediated some of the group differences in pain modulation
is perhaps not surprising. Prior investigations of variability in post-operative pain had also
identified psychological variables that contributed significantly to the prediction of at-risk
patients (94–97). We found that elevated reports of painful cold after-sensations in the group
of women with persistent pain were explained by higher levels of catastrophizing. Numerous
studies have indentified painful after-sensations (i.e., prolongation of pain ratings following
the cessation of a noxious stimulus) as indices of central sensitization (73) in patients with
orofacial pain (64,98), fibromyalgia (99,100), and even in patients without chronic pain
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(101), and the present findings suggest that affective factors such as catastrophizing may
contribute directly to these effects. Our group has previously summarized an expanding
literature documenting the breadth of catastrophizing’s maladaptive effects (49). Indeed,
catastrophizing has been linked with enhanced temporal summation and impaired pain
inhibition in prior studies (41,42,59,102), although in the present sample, catastrophizing
only mediated group differences in painful after-sensations. Catastrophizing has been
associated with greater post-operative use of opioid analgesics after a painful surgery (103),
as well as with reduced acute analgesic benefit of opioids in a laboratory setting (104).
Functional neuroimaging studies have suggested that elevated catastrophizing is related to
enhanced activation of pain-processing brain areas such as anterior cingulate cortex and
amygdala during the administration of calibrated noxious stimuli (105–107), potentially
reflecting a deficit in endogenous opioid-mediated pain inhibition.

A number of limitations to the current study should be noted. We do not have pre-operative
data available, having evaluated participants many years after their surgeries. It would have
been preferable to collect prospective data, including a pre-surgical application of our QST
battery, and detailed treatment-related information (for example, we do not have precise data
on past exposure to chemotherapeutic agents as part of subjects’ previous breast cancer
treatment). Because of the cross-sectional design of this study, we are unable to determine
whether the observed group differences pre-dated the surgery, or were created by the
surgery and subsequent experience of persisting post-operative pain. Because the average
time since the surgery was over seven years, recall of pre- and peri-surgical experiences is
unlikely to be highly reliable. It is also possible that, because recruitment for the study
involved self-selection, differential motivations for responding to the advertisement may
have been present for the two groups, although such factors did not manifest in any
detectable demographic difference between groups. In addition, it is important to note that
medication usage did not appear substantially different between the groups In particular,
NSAID use was similar in the chronic pain and pain-free groups, and only a few patients
were taking opioids, highlighting the relatively mild nature of the clinical pain in this study.
Since chronic opioid administration has been associated with decrements in CPM (108), this
is an important consideration. The lack of complete thermal data is a complicating factor in
the interpretation of this study’s findings. Although we did not find significant group
differences in thermal pain threshold or tolerance, reductions in power because of a smaller
sample size likely contributed to this negative finding. Finally, the present study was
restricted to lumpectomy patients; the inclusion of mastectomy patients, although potentially
adding variability to the sample, would have permitted examination of differences between
surgical approaches, as in some other recent (non-QST) reports (5). Despite these
limitations, the current report adds to a small body of literature documenting alterations in
pain responses among women with post-mastectomy or post-lumpectomy pain (35–38). The
present findings are among the first to document alterations in pain-modulatory processes
rather than pain threshold measures, and, to our knowledge, this is the first study to indicate
that some of the observed changes in pain responses may be attributable to psychosocial
characteristics such as catastrophizing.
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Fig. 1.
Pain ratings (0–100) for repetitive punctuate mechanical stimuli (data presented as means ±
SEM). * Groups differ significantly at P< 0.05.
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Fig. 2.
Cold pain ratings during and after cold pressor testing (data presented as means ± SEM). *
Groups differ significantly at P≤ 0.01.
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Table 1

Comparison of Women With and Without Chronic Post-Surgical Pain

Chronic Pain (n=37) No Chronic Pain (n=34)

Demographics

Age 57.1 ± 8.4 59.0 ± 11.1

% Married 54.1% 58.8%

% White 73.0% 85.3%

% Employed 51.4% 58.9%

% Post-Secondary Degree 78.4% 85.3%

Surgery- and Pain-Related Variables

Years Since Surgery 7.4 ± 6.4 7.8 ± 6.4

% Right Side Operated 45.9% 47.1%

% Hormone Therapy 59.5% 61.8%

Post-op Pain Recall (0–10) 6.6 ± 3.2 a 5.0 ± 3.0

BPI Pain Severity 3.6 ± 2.6 b 1.1 ± 1.9

BPI Pain Interference 3.1 ± 2.7 b 1.0 ± 1.9

Past Week Fatigue (0–100) 49.8 ± 32.9 b 26.4 ± 25.5

Psychosocial Factors

BDI 11.2 ± 8.1 8.7 ± 8.5

PASS 27.2 ± 19.2 20.4 ± 19.6

PCS 18.4 ± 11.7 b 8.6 ± 8.8

Data are presented as mean ± SD or as percentages.

BPI= Brief Pain Inventory; BDI= Beck Depression Inventory; PASS= Pain Anxiety Symptoms Scale; PCS= Pain Catastrophizing Scale.

a
P<0.05 for the group comparison.

b
P<0.01 for the group comparison.
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Table 2

Comparison of Psychophysical Responses Among Women With and Without Chronic Post-Surgical Pain

Chronic Pain (n=37)
Mean±SD

No Chronic Pain (n=34)
Mean±SD

Variables of Interest Assessed During the QST Session

MAP 96.2 ± 16.1 94.5 ± 13.4

HR 73.0 ± 10.5 75.2 ± 13.9

Current Stress (0–10) 1.8 ± 2.5 1.3 ± 2.0

Clinical Pain (0–10) 3.3 ± 2.7 a 0.6 ± 1.5

Anxiety during QST (0–10) 0.7 ± 1.1 0.9 ± 1.4

Mechanical and Cold Pressor Responses

PPTh (KPa)- Trapezius 312.1 ± 94.4 320.8 ± 122.8

PPTh (KPa)- Thumb 331.8 ± 116.6 316.2 ± 111.5

Cuff Pressure (mmHg) 138.3 ± 44.6 145.5 ± 60.4

Cuff Pain (0–100) at 2 Min 44.7 ± 25.1 38.3 ± 23.3

Cold Pain Tolerance (sec) 47.3 ± 47.0 53.0 ± 47.5

CPM Index 116.0 ± 32.1 b 138.4 ± 30.1

Other Mechanical and Cold Pressor Data Appear in Figures 1 & 2

Thermal Data (in °C)

Chronic Pain (n=29) No Chronic Pain (n=27)

Warmth Threshold 33.8 ± 1.2 33.8 ± 0.9

Cool Threshold 29.3 ± 1.6 29.7 ± 1.0

HPTh 40.5 ± 3.8 41.3 ± 3.2

CPTh 13.2 ± 9.2 14.8 ± 9.1

HPTo 45.1 ± 2.9 46.1 ± 2.2

QST= Quantitative Sensory Testing; MAP=mean arterial pressure; HR= heart rate; PPTh= Pressure Pain Threshold; KPa= kilopascales; CPM=
Conditioned Pain Modulation; HPTh= Heat Pain Threshold; CPTh= Cold Pain Threshold; HPTo= Heat Pain Tolerance.

a
P<0.01 for the group comparison.

b
P<0.05 for the group comparison.
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