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Abstract

Measures of central pain processing like conditioned pain modulation (CPM), and suprathreshold
heat pain response (SHPR) have been described to assess different components of central pain
modulatory mechanisms. Central pain processing potentially play a role in the development of
postsurgical pain, however, the role of CPM and SHPR in explaining postoperative clinical pain
and disability is still unclear.

Seventy eight patients with clinical shoulder pain were included in this study. Patients were
examined before shoulder surgery, at 3 months, and 6 months after surgery. The primary outcome
measures were pain intensity and upper extremity disability. Analyses revealed that the change
score (baseline — 3 months) of 5™ pain rating of SHPR accounted for a significant amount of
variance in 6 month postsurgical clinical pain intensity and disability after age, sex, preoperative
pain intensity, and relevant psychological factors were considered.

The present study suggests that baseline measures of central pain processing were not predictive
of 6 month postoperative pain outcome. Instead, the 3 month change in SHPR might be a relevant
factor in the transition to elevated 6-month postoperative pain and disability outcomes.

In patients with shoulder pain, the 3 month change in a measure of central pain processing might
be a relevant factor in the transition to elevated 6-month postoperative pain and disability scores.
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INTRODUCTION

There has been growing evidence that chronic postsurgical pain is a major problem. 13
However, little is known about the factors that mark the transition from “normal” acute pain
after surgery to chronic postsurgical pain. It is thought that certain patients may be at greater
risk for the development of pain after surgery than others, where multiple potential
predictive factors for persistent postsurgical pain such as age, sex, neurophysiological
factors, preoperative pain and psychological factors have been described. 3-6

Chronic pain states are commonly associated with alterations in the central processing of
noxious stimuli, and may share similar alterations in mechanisms of central pain
processing. 711 Specific measures of central pain processing have been described to assess
different components of central pain modulatory mechanisms. Conditioned pain modulation
(CPM) represents a reduction in the magnitude of one stimulus in response to a second
stimulus site;12: 13 therefore, it is believed to be an indication of endogenous pain inhibition
or an “inhibitory” measure. In contrast, temporal summation of suprathreshold heat pain
response (SHPR) represents the perception of increased pain despite constant or even
reduced peripheral afferent input,® 14 therefore, it is considered to be a manifestation of
enhanced central excitability or a “facilitatory” measure. These measures represent two
constructs whose balance might influence the risk for chronic pain development, but are not
often studied together. For example, the combination of high pain sensitivity (higher
“facilitatory” measure) and low endogenous pain inhibition (lower “inhibitory” measure)
may confer the greatest risk for clinical pain conditions. 117

Recent research has focused on the assessment of experimental pain sensitivity as a
predictor for persistent postsurgical pain;8: 18- 19 however the question of order is still
unanswered by these studies. There are two likely scenarios with direct relevance to the
current study. Patients with chronic postoperative pain may 1) experience elevated
facilitation and decreased inhibition at baseline or 2) develop detrimental changes in
facilitation and inhibition during the postoperative course. The present study extends our
previous studies 29: 21 by determining whether changes between preoperative and
postoperative assessment of SHPR and CPM adds variance in predicting postoperative pain
reports and disability after consideration of established predictive factors for persistent
postsurgical pain (such as age, sex, preoperative pain, and relevant psychological
factors).22-27

We hypothesized that changes in SHPR and CPM will contribute to predicting postoperative
clinical pain and disability after potential predictive factors are considered in the model. If
this hypothesis is supported it will establish these 2 measures of central pain processing as
unique contributors to postoperative pain intensity, and provide further indication of how
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they are potentially involved in the transition from acute to chronic post-operative pain
states.

MATERIALS AND METHODS

Participants

The University’s institutional review board for human participants approved this study. This
prospective design includes data from consecutive patients seeking operative treatment of
shoulder pain where procedures were limited to arthroscopic procedures affecting the
glenohumeral joint or clavicle. Specific operative procedures included rotator cuff repair,
adhesive capsulitis, acromioplasty, and labral repair (Table 1). Patients were recruited from
University of Florida’s Orthopedics Sports Medicine Institute (OSMI) by participating
physicians, and provided informed consent before participating in this study.

Inclusion Criteria—The inclusion criteria for being a participant were: (a) between 18 and
85 years of age, (b) complaints of pain limited to anterior, lateral, or posterior shoulder, (c)
documented or suspected rotator cuff tendinopathy (evidence from clinical examination or
imaging studies) including small (<1 cm), medium (1-3 cm), and large (3-5 cm) tears, (d)
documented or suspected adhesive capsulitis (evidence from clinical examination or
imaging studies), (e) documented or suspected SLAP (Superior Labrum from Anterior to
Posterior) lesion (evidence from clinical examination or imaging studies), and (f) scheduled
for arthroscopic surgery.

Exclusion Criteria—The exclusion criteria were: (a) current complaints of pain lasting
longer than the past 3 months involving neck, elbow, hand, low back, hip, knee, or ankle, (b)
massive rotator cuff tear (>5 cm), (c) documented shoulder OA or RA, (d) prior shoulder
surgery within the past year or currently complaining of pain from prior shoulder surgery,
(e) current shoulder fracture, tumor, or infection, (f) previously diagnosed chronic pain
disorder (including, but not limited to IBS, fibromyalgia, TMD, CLBP, etc), (g) current
psychiatric management, and (h) current gastrointestinal or renal illness 20.

Overall Procedure

Study participants completed a standard intake information form after signing the informed
consent. Patients underwent baseline assessments, which included psychological
questionnaires, patients self-reported pain intensity and disability, and quantitative sensory
testing for experimental pain sensitivity 24 to 48 hours before patient’s shoulder surgery.
The experimental pain sensitivity assessment was performed in both hands and includes the
assessment of SHPR (at 3 different temperatures), and heat threshold. The order of
assessment between surgical and non-surgical side was controlled to prevent order effects
during experimental pain sensitivity testing. Finally patients underwent CPM assessment
(described below). Patients were re-assessed on all measures at 3-month, and 6-month
follow up time points. All assessments were performed by evaluators trained in the
assessment protocol who were blinded to psychological measure and recovery data.
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Demographic and Historical Information—Study participants completed a standard
intake information form. Demographic data collected at initial evaluation include gender,
age, employment status, litigation status, marital status, educational level, and health history.
Historical data include the type of onset of symptoms, the length of time of the symptoms,
the number of previous episodes of musculoskeletal pain, and previous treatments for pain.

Shoulder Pain Intensity—Shoulder pain intensity was assessed with the Brief Pain
Inventory (BP1), 28 which includes a numerical rating scale (NRS) for pain intensity.
Subjects rated their pain intensity over three conditions, the present pain intensity, the worst
pain intensity over the past 24 hours, and the least pain intensity over the past 24 hours.
These 3 ratings were summed and divided by 3 for use in data analyses. 29 Studies have
shown that this aggregate measure has sufficient psychometric strengths.2 30

Shoulder Disability—Disability was assessed with the Disability of the Arm, Shoulder,
and Hand questionnaire (DASH).3! The DASH includes 30 items to measure the extent to
which patients’ pain or limited activity affects their ability to perform certain functions, to
sleep, to carry on routine daily activities, and social activities. DASH has been validated for
the assessment of shoulder disorders. 32-34

Experimental Pain Sensitivity

a) Suprathreshold heat pain response (SHPR): Suprathreshold heat pain response
(SHPR) was tested at the thenar eminence of the surgical and non-surgical sides (side of
shoulder surgery and opposite side of shoulder surgery) with a thermode of 27 mm surface
area by a Contact Heat Evoked Potential Stimulator (CHEPS) (Medoc Advanced Medical
Systems, Ramat Yishai, Israel). This apparatus is composed of an HP-thermode that
provides extremely fast heating rates of up to 70°C.s™1 and cooling rates of up to 40°C.s™1.

The CHEPS was programmed to deliver 5 consecutive heat pulses that rapidly rise from an
adapting temperature to a peak temperature of 46, 48 or 50°C (depending on the test) at a
rate of 30°C.s™1, remain at this level for 0.5 second, and then return to baseline at a rate of
30°C.s71, with an interpulse intervals of 2.5 seconds. 3% 36

Subjects verbally rated the intensity of each thermal pulse on a numerical rating scale from 0
= “no pain” to 100 = “the worst pain imaginable”. 36 Additionally, subjects were asked to
rate the magnitude of the delayed pain intensity following each heat pulse. The procedure
was performed three times in a consecutive order, the first one using 46°C, the second using
48°C, and the third one using 50°C as a thermal stimulus, to determine the patient’s
moderate level of pain to be used in a following assessment (for specifics see CPM
assessment below).

This study used the “5t pain rating” which was the pain rating from the fifth pulse of each
trial, 37-40 which is considered to represent a simple measure of SHPR assessment.4L In
addition, we included it in the current study because our previous study indicated that the 5t
pain rating of a SHPR train accounted for a significant proportion of variance in shoulder
pain intensity. 20
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b) Heat pain threshold: Subjects received a continuously ascending heat stimulus on their
surgical and non-surgical sides (forearms). The stimulus started at 35°C and increased at a
rate of 0.5°C.s™L. Subjects were asked to press a button and then rate their pain using a 0 (no
pain) =100 (worst pain imaginable) NRS at the first sensation of pain. Two different trials
were performed with a resting period of 2 minutes in between, and the average of the two
temperatures was calculated as the heat pain threshold.

¢) Conditioned pain modulation (CPM): This study included CPM because is believed to
provide an indication of the potential for endogenous pain inhibition, and because studies
show its predictive utility in chronic post-operative pain development. 18: 42

Test stimulus (SHPR): SHPR was tested at the thenar eminence of the uninvolved hand,
using CHEPS (described above). Sequences of 5 consecutive heat pulses with interpulse
intervals of 2.5 seconds were delivered.3>: 36 The temperature used for the test stimulus
(SHPR) was determined from the previous SHPR assessment, and was the temperature that
reached a moderate level of pain (pain rating of 50 or closer to 50 from 0 to 100 on
numerical rating scale) as an average of five heat pulses.

Subjects verbally rated the intensity of each thermal pulse on a numerical rating scale from 0
= “no pain” to 100 = “the worst pain imaginable”. 38 Additionally, subjects were asked to
rate the magnitude of the delayed pain intensity following each heat-tap. Subjects were also
asked to provide ratings of heat sensations 15 s and 30 s after the last heat stimulus
(aftersensation). 43 We selected SHPR as the test stimulus because evidence suggests that
CPM effects are largest for C-fiber mediated pain. 44 4°

Conditioning stimulus (Cold-pressor pain): Subjects were instructed to immerse their
surgical side hand up to the wrist into a cold water bath for up to one minute. The water was
maintained at a constant temperature of 8°C, and was constantly circulated to prevent
warming around the hand.

Conditioned pain modulation procedure—After baseline experimental pain
assessment participants underwent the CPM assessment with the application of the test
stimulus (described above) on the non-surgical side. After 30s from the last heat stimulus,
subjects were instructed to immerse their surgical side hand up to the wrist into the cold
water bath (conditioning stimulus). Thirty seconds after hand immersion, subjects were
asked to rate the pain from the immersed hand, and were instructed to maintain their hands
in the water bath for as long as they could tolerate for a maximum of one minute. One
minute after the immersion of the hand, a new test stimulus was delivered on the non-
surgical side. The protocol was created with consecutive stimuli (test stimulus, then
conditioning stimulus, hand removed from water, and then test stimulus), and was the same
procedure used in our previous study 2 (Figure 1).

Psychological Factors—Our preliminary study in a different sample has shown that pain
catastrophizing and depressive symptoms were the most relevant psychological factors in
predicting postoperative clinical pain intensity in a population with similar characteristics. 20
Therefore for our current study we selected the same psychological factors to explore the
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contribution of them in postoperative clinical pain intensity in a longer follow up period (6
months).

a) Depressive symptoms: Self-report of depressive symptoms were measured using the
Patient Health Questionnaire (PHQ-9).46 The PHQ-9 is a 9-item self-reported questionnaire
designed to evaluate the presence of depressive symptoms during the prior 2 weeks. As a
severity measure, scores can range from 0 (absence of depressive symptoms) to 27 (severe
depressive symptoms). Each of the 9 items, asking for each of the DSM-IV diagnostic
criteria, can be scored from 0 (not at all) to 3 (nearly every day). As a diagnostic measure,
major depression is diagnosed if 5 or more of the 9 depressive symptom criteria have been
present at least “more than half the days” (a score of 2) in the past 2 weeks, and one of the
symptoms is depressed mood or anhedonia.

Previous studies support its validity, feasibility, and its capacity to detect changes of
depressive symptoms over time. 47

b) Pain catastrophizing: Pain catastrophizing was measured by the Pain Catastrophizing
Scale (PCS).*8 The PCS has 13 descriptions of pain experience assessing catastrophic
cognitions, for example: “I feel | cait go on”, “Therés nothing | can do to reduce the
intensity of the pain”. Subjects were asked to indicate whether they agreed with these
statements by using a 5-point rating scale (0, “not at all” to 4, “all the time”) to rate the
frequency of these cognitions. A PCS sum score was calculated for all items (range, 0 — 52),
with a high score indicating a high level of pain catastrophizing.

Outcome Measures

Outcome measures were collected for all patients at baseline (24 to 48 hours before patient’s
shoulder surgery), at 3-month after the surgery, and 6-month after the surgery. All
assessments were performed by evaluators who were blinded to psychological measure data.
Continuous data was used for the primary analyses of this manuscript.

For our planned secondary analyses, patients were classified according to their BPI scores
for postoperative pain intensity (6 months after surgery) into two groups “improved” and
“not improved”. Improvement was defined as a decrease of at least 30% in shoulder pain
from baseline to 6 months after surgery. Patients who did not improve had a decrease of less
than 30% in shoulder pain, and patients who improved had a decrease of at least 30% in
shoulder pain from baseline to 6 months after surgery. We have selected 30% reduction in
shoulder pain from baseline, because literature suggests that 30% reduction is associated
with individuals reporting notable improvement on the patient global impression of

change. 450 In addition, it has been suggested that in studies with baseline pain variability,
the clinical relevance should be defined in terms of percent change. %0

For upper extremity disability improvement, a difference score of 15 points on the DASH
from baseline to 6 months was considered a minimal clinically important difference
(MCID). Patients were classified into two groups “improved” (a difference score > than 15
points on DASH) and “not improved” (a difference score < than 15 points on DASH). We
have selected 15 points difference from baseline to 6 months, because literature suggest that
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a change in DASH score exceeding 15 points is the most accurate change score for
discriminating between improved and unimproved patients. 51 52

Data reduction and analysis

Data analysis was conducted over a series of steps using SPSS, Version 18.0. Significance
levels were set a priori at p<0.05 for all comparison and Cohen’s d is reported as a measure
of effect size. Descriptive statistics (mean, standard deviation) were calculated for all
variables. The distributions of variables were tested for normality by visual examination and
with Kolmogorov-Smirnov test before used in analysis. For analysis purposes measurements
from both arms were averaged into one score, because paired t-test shows non-significant
differences (p > 0.05) between measures in the right side versus left side, or surgical side
versus non-surgical side, which is consistent with findings from an earlier shoulder pain
cohort.%3

For analysis purposes on CPM, we followed recent recommendations >* on presenting
results and calculation of CPM using the absolute difference for CPM and the percent
change. Specifically, the report suggested that the change in the test stimulus before and
after the induction of conditioning stimulus should be reported using change in the absolute
value and percent change of the sensation.>* The “absolute difference” for CPM, was
calculated by the difference between test stimulus before the application of conditioning
stimulus (pre CPM), minus the test stimulus after the application of conditioning stimulus
(post CPM). The “percent change” for CPM was calculated as follows:

[(post CPM — pre CPM) /pre CPM] x 100

Pearson correlations were calculated between clinical shoulder pain intensity, disability,
experimental pain measurement (absolute difference of CPM, percent change of CPM, and
5t pain rating), and psychological factors at baseline and 6 months after surgery. ANOVA
models were used to determine baseline differences on 5™ pain rating, absolute difference of
CPM, percent change of CPM, and the magnitude of pain threshold between patients who
improved and patients who do not improve their level of pain and disability at 6 months.

Primary Analyses

Hierarchical regression models were conducted to assess which QST measure accounted for
significant amount of variance in clinical pain intensity and disability. These models
determined whether baseline, 6 months, and raw change score (baseline-3 months) of QST
measures accounted for significant variance in clinical pain intensity and disability at
baseline and 6 months. Raw change score (baseline-3 months) was used to have predictive
ability of 6 months outcome and easier clinical interpretation. Regression models included
age, sex, shoulder pain duration, and pre-operative clinical pain and disability in the first
step to control for these potentially confounding factors, and QST measures (5 pain rating
of SHPR, CPM, percent change of CPM, and pain threshold) in the second step of the
regression model in a stepwise manner. Stepwise regression was used in the second step to
create a parsimonious model consisting of QST measures with the strongest association with
clinical pain intensity.
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A different regression model was built to determine the contribution of the clinically
relevant QST (determined in previous analysis) in explaining 6 months clinical pain
intensity and disability, after potential predictive factors for persistent postsurgical pain were
considered. Age, sex, shoulder pain duration, baseline clinical pain and disability and
psychological factors (PCS and PHQ-9) were considered in the first step, and the
appropriate QST measure from previous analysis was entered in the second step. VIF was
reported for the final model to investigate potential multicollinearity among the independent
variables.

Secondary Analyses

RESULTS

Subjects

Repeated measures ANOVA was used to assess the effect of time (baseline, and 3 months
after surgery) on the absolute difference of CPM, the percent change of CPM, 5t pain
rating, and pain threshold by condition (improved vs. not improved for pain and disability).
For this analysis the between groups factor was condition (improved vs. not improved), and
the within subjects factor was time (baseline, and 3 months after surgery). Bonferroni
correction was used to protect against Type | errors, and simple contrasts were used in case
the interaction terms were significant to determine differences on CPM, 5% pain rating, or
pain threshold between groups.

This study had 78 patients with 6 months follow up completed. From those, 3 patients did
not have information on their baseline BPI, 2 patients had missing information on BPI at 6
months, and one patient did not have information on their DASH score at 6 months.
Therefore cases with only completed data on BPI and DASH were included in this analysis,
resulting in a total sample size of 73 subjects for the pain analyses and 77 subjects for the
disability analyses. No difference between included and excluded patients was noted in any
of the variables (p>0.05).

Descriptive statistics for the demographic, clinical pain and medical history are summarized
in Table 1. Experimental pain sensitivity assessment and psychological characteristics from
the sample at baseline, 3 months, and 6 months post-surgery are summarized in Table 2. All
continuous dependent variables were found to approximate a normal distribution by visual
examination and were appropriate for our planned multiple regression analyses and
ANOVA'’s.

Only the 5th pain rating at 50°C was used in these analyses, to keep consistency with our
previous work2! and because this temperature represents a supra-threshold stimulus for
almost all subjects we have tested in the past. The other temperatures were not reported in
this paper because the 5th pain rating at 48°C and the 5th pain rating at 50°C were highly
correlated at baseline and at 6 months (r’s between 0.90 and 0.97), and the 5th pain rating at
46°C is too low to reach supra-threshold levels of pain for most subjects.

After 6 months, 81% of our sample had an improvement in their clinical pain intensity and
19% did not improve. For upper extremity disability, 74% of our sample reached the MCID
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6 months after the surgery (improved group), and 26% did not reach the MCID (not
improved group). No difference was noted for the baseline demographic and medical history
between the improved and not improved groups for pain and disability (p>0.05).

For pain groups (improved vs. not improved), simple ANOVAs showed no significant
baseline differences in the absolute difference of CPM [F(1,68) = 0.06; p=0.81; d= 0.08], in
the percent change of CPM [F(1,67) = 0.024; p=0.88; d= 0.04], in the 5% pain rating at 50°C
[F(1,70) = 3.65; p=0.06; d= 0.65], or in pain threshold [F(1,69) = 1.918; p=0.17; d= 0.43]
between groups.

For disability groups (improved vs. not improved), analyses showed no significant baseline
differences between groups in the absolute difference of CPM [F(1,72) = 0.44; p=0.51; d=
0.17], in the percent change of CPM [F(1,72) = 1.12; p=0.29; d= 0.25], or in pain threshold
[F(1,72) = 1.55; p=0.22; d= 0.31]. However there was a significant difference between
groups in the 5t pain rating at 50°C [F(1,73) = 5.40; p=0.02; d= 0.61], such that the
improved group had a higher mean disability (mean=40.68; SD=24.72) compared to the not
improved group (mean=27.22; SD=19.29). These results did not change after controlling for
baseline pain intensity.

There were no significant baseline differences in PCS [F(1,71) = 0.76; p=0.39; d= 0.26], or
in PHQ-9 [F(1,71) = 2.27; p=0.14; d= 0.51] between pain groups, or in disability groups
(PCS [F(1,73) = 1.15; p=0.29; d= 0.28]; PHQ-9 [F(1,73) = 0.05; p=0.83; d= 0.05] even after
controlling for baseline pain intensity.

Primary Analyses

Pearson correlations among clinical shoulder pain intensity, disability, experimental pain
measurement, and psychological factors at baseline and 6 months after surgery are
summarized in Table 3.

Hierarchical regression analyses were conducted to determine the contribution of baseline, 6
months, and 3 months change score (baseline-3 months) of QST measures to 6 months
clinical shoulder pain intensity and disability. The regression models predicting 6 months
pain intensity and disability with baseline and concurrent factors did not have significant
QST predictors (p>0.05).

However 3 months change score of QST explained an additional 10% of the variance for 6
months clinical pain intensity (R2=0.18, p= 0.009), where change score of the 5 pain rating
(beta= —0.34, p=0.004) was the unique significant predictor. These results did not change
after accounting for baseline clinical pain, and other potentially confounding factors (such as
age, sex, shoulder pain duration, and pre-operative disability) indicating that 3 months
change score of the 5t pain rating was still the unique significant predictor of 6 months
clinical pain intensity even after controlling for baseline clinical pain. In other words, for
every unit increase in 6 months clinical pain, there is 0.02 unit decrease in 3 months change
score of the 5t pain rating (B= —0.02, Std. Error = 0.01) The model explaining 6 months
disability using change score of QST measures was not significant (p>0.05).
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In addition, different regression models were built to determine the contribution of the 3
months change score of 5th pain rating in explaining 6 months clinical pain intensity and
disability, after potential predictive factors were considered. After accounting for age, sex,
pain duration, baseline clinical pain, and baseline psychological factors (PCS, PHQ-9), the 3
months change score of 5 pain rating (beta= —0.35, p=0.003) account for an extra 11% of
the variance in 6 months clinical pain intensity with a significant addition to the model
(R2=0.27, p=0.01) (Table 4). The same trend of results was obtained when accounting for
psychological factors at 3 months. Additionally, the 3 months change score of 5th pain
rating predicting 6 months clinical pain intensity was investigated after accounting for the 3
months change score of psychological factors (PCS, PHQ-9). The same trend of results was
obtained, where the 3 months change score of 5th pain rating (beta= —0.37, p=0.002) was
the unique significant predictor, and account for an extra 13% of the variance in 6 months
clinical pain intensity with a significant addition to the model (R?=0.22, p=0.01). The
change score of 5th pain rating (beta= —0.30, p=0.01), account for an extra 9% of the
variance in 6 months disability, however the addition to the model was non-significant
(R?=0.23, p=0.02) (Table 5). The same trend of results was obtained when including 3
months change score of psychological factors (PCS, PHQ-9), where the 3 months change
score of 5th pain rating (beta= —0.29, p=0.01) was the unique significant predictor, and
account for an extra 9% of the variance in 6 months disability, however the addition to the
model was non-significant (R2=0.20, p=0.04).

Additional analyses were ran entering in our regression models the change score of 51 pain
rating as a residualized change score (z-change score). Our previous results did not change
when entering z-change score so only raw results were reported in the paper for ease of
interpretation. VIF showed minimal multicollinearity concerns among the independent
variables in all regression models.

Secondary Analyses

To assess whether central pain modulatory measures had differential changes between pain
and disability improvement groups repeated measures ANOVA was conducted. For pain
groups, changes in absolute difference on CPM [F(1,65) = 0.74; p=0.39; d= 0.20], and
percent change of CPM [F(1, 63) = 0.001; p=0.98; d= 0.04] over time (pre surgical stage and
3 months after surgery) had no significant effect on condition 6 months after surgery
(improved vs. not improved) (Figures 2a, and 2c¢). The interaction term (time*condition) was
also non-significant for pain threshold [F(1,67) = 1.12; p=0.74; d=0.37].

However, the interaction term (time*condition) for the 5th pain rating at 50°C was
significant [F(1,68) = 4.92; p=0.03; d= 0.35], meaning that the change of 5th pain rating
over time (pre surgical stage and 3 months after the surgery) differed based on 6 months
pain intensity improvement (Figure 3). After decomposing the interaction term, results
showed that the improved pain intensity group significantly decreased their mean of the 5t
pain rating at 3 months post-surgery (baseline mean= 38.54 (25.29); 3 months mean= 31.30
(26.61); p= 0.02). The not improved group increased their mean of the 5 pain rating at 3
months but not in a significant manner (baseline mean= 25.46 (16.44); 3 months mean=
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33.75 (23.58); p= 0.20). The same trend of results was obtained when baseline clinical pain
was entered as a covariate.

For disability groups, changes in absolute difference on CPM [F(1,69) = 0.001; p=0.97; d=
0.41], and percent change of CPM [F(1, 67) = 0.66; p=0.42; d= 0.25] over time (pre surgical
stage and 3 months after surgery) did not differ based on disability group 6 months after
surgery (improved vs. not improved) (Figures 2b, and 2d). The interaction term
(time*condition) was also non-significant for pain threshold [F(1,71) = 1.55; p=0.22; d=
0.16].

However, the interaction term (time*condition) for the 5th pain rating at 50°C for disability
groups was significant [F(1,72) = 5.44; p=0.02; d= 0.34], (Figure 3). After decomposing the
interaction term, results showed that the “improved group” significantly decreased their
mean of the 5t pain rating at 3 months post-surgery (baseline mean= 40.68 (24.72); 3
months mean= 33.18 (27.32); p= 0.02). The not improved group increased their mean of the
5t pain rating at 3 months but not in a significant manner (baseline mean= 26.50 (18.94); 3
months mean= 32.65 (24.59); p= 0.22). The same trend of results was obtained when
baseline disability was entered as a covariate.

DISCUSSION

This study investigated the effect of central pain modulatory mechanisms (CPM and SHPR),
on postoperative clinical shoulder pain and disability. These results indicate that the 3-month
change score of SHPR made a unique contribution to 6 months pain intensity and disability
scores even after controlling for other potential predictive factors for persistent postsurgical
pain. Our study provides evidence that measures of central sensitization and psychological
factors may play a differential role in determining risk of post-operative shoulder outcomes,
with changes on SHPR being the unique contributor of pain intensity and disability in this
particular sample. In complimentary analyses using categorical outcomes, SHPR had
differential change over time, where the group showing 6 month improvement in clinical
outcomes had significantly decreased SHPR at 3 months. In contrast, CPM and pain
threshold did not have differential changes over time between patients with different 6
month postsurgical outcomes for pain intensity and disability. Although our conclusions are
speculative, these data suggest that a post-operative decrease in an excitatory measure of
pain sensitivity could be predictive of favorable clinical outcomes.

The present study presents novel data that extends our previous work2%: 21 and the work of
others1>: 18, 19.42 iy several ways. First, few longitudinal studies have investigated changes
in central pain modulatory measures. Second, the present study attempted to differentiate
inhibitory and facilitatory experimental pain sensitivity measures as precursors of continued
postoperative pain and disability. Third, patients included in this study underwent shoulder
surgery; therefore this study extends the literature investigating development of
postoperative chronic pain and disability to a broader range of surgical procedures than
typically reported.1® 18,19, 42,55 Foyrth, the exploration of QST, after controlling for
potential predictive factors such as psychological factors,, makes this study a novel
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contribution to the literature as past studies typically incorporate either QST or
psychological measures.

In our previous study 21 the 5th pain rating of SHPR and the percent change of CPM were
elevated for patients with shoulder pain compared to healthy controls, however the absolute
difference of CPM did not differ (suggesting an altered pain sensitivity for the clinical
cohort before having shoulder surgery). These findings were in agreement with other studies
in clinical populations showing that continued nociceptive input from musculoskeletal
structures is related with enhanced pain perception. & 42:55-57 Qur current results extend our
previous work by showing no pre-operative differences on the 5th pain rating or percent
change of CPM for patients who improved and who do not improved their level of pain
intensity after 6 months from surgery, even after controlling for pain intensity, and pain
duration. However these results should be considered with some balance, as the reported
effect sizes were large enough to potentially indicate patients with “higher” levels of pre-
operative sensitization were more likely to experience a post-operative “normalization”.
Collectively the results of our previous and current study indicated that elevated
sensitization (to thermal stimuli) is expected prior to surgery when compared to healthy
controls.2! Further determination of risk of continued post-operative pain may be difficult in
this patient population because there were not obvious differences detected with QST for
patients that improved and patients that did not.

In contrast, this measure of central sensitization may play a different role in determining risk
of higher post-operative disability, where there is potential pre-operative differences
observed for the 5th pain rating of SHPR for patients who improved and who do not
improved their level of disability. We speculate this could be an indication that measures of
central sensitization may have a stronger association with disability, as opposed to pain
intensity. Indeed we have observed a similar pattern in patients with chronic low back pain
where temporal summation was associated with disability, but not pain intensity.>® We do
acknowledge that this explanation is speculative and future studies with larger sample sizes
providing better statistical power and healthy control groups to reference sensitization status
are needed to confirm or refute these findings about the relevance of baseline QST for
predicting pain and disability outcomes.

Yarnitsky et al. 18 explored the predictive ability of CPM, indicating the potential for CPM
to predict the development of chronic post-operative pain in patients having thoracotomy. In
addition, Kosek et al. 42 found baseline differences on CPM between patients with painful
osteoarthritis of the hip and healthy controls, and CPM normalized in arthritis patients after
their pain was successfully treated. The present study shows no influence of CPM or pain
threshold on pain and disability reports 6 months after shoulder surgery. However, if we
consider the magnitude of our results, we observed a change in thermal pain sensitivity via
SHPR, following the same pattern as has been described for CPM by Kosek et al.#2 These
two measures of central pain modulatory mechanisms are believed to reflect different
components of central pain processing, however, future studies will be necessary to better
understand the interaction between “excitatory” and “inhibitory” measures of experimental
pain sensitivity. Our findings further suggest that if SHPR is a measure of facilitatory
processes, then these processes might be more sensitive to immediate changes in clinical
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pain severity among patients with shoulder pain when compared to inhibitory processes
(measured by CPM).

Multiple case-control studies imply that chronic pain is associated with changes in central
nervous system (CNS) processing of pain-related information, /-9 40. 59 however the
question of causality remains unanswered in such research designs. Even though a
prospective study without a control group does not specifically elucidate the question of
causality, our design addressed an important temporal issue. The current study?! extends our
previous results by reporting that favorable changes in facilitatory capacity was predictive of
less pain and disability at 6-months. Specifically, the SHPR decrease between baseline
assessment and 3 months after surgery indicates that changes in CNS processing of pain 3
months after surgery were a precursor of 6 months postsurgical outcome. This implies that
the 5! pain rating of SHPR may be more sensitive to changes than CPM in this particular
setting with these methods, and a potential treatment monitoring target for this patient
population. This finding held true even after controlling for variables that prior studies have
shown to be related to postsurgical pain such as preoperative pain duration, baseline clinical
pain, age, sex, pain catastrophizing and depression.

Psychological characteristics have been extensively examined in relation to pain perception
and clinical outcomes, and have become an accepted factor in the development of chronic
pain. 226061 Our results showed that the hierarchical model explaining 6 month
postoperative pain and disability with baseline psychological factors and the change score of
5th pain rating (Tables 4 and 5), show that the change score of our SHPR was the strongest
predictor while baseline psychological factors were not significant. Therefore, our findings
suggest that psychophysical assessment specifically of facilitatory pain sensitivity measures
and measures of psychological distress are not redundant and they measure different pain
constructs from psychological distress, supporting previous findings 2% 58. Some limitations
of this study will need to be addressed by future research. First, CPM, SHPR, and heat pain
threshold were the only QST measures employed in this study; future studies should include
additional measures, such as pressure pain threshold, to have a more comprehensive QST
assessment. Second, this study lacked a comparison group; therefore it is impossible to
establish cause and effect of the relationship. In addition, even though an unequal group
sizes are expected when explaining a low incidence outcome (such as chronic postoperative
pain), a study with larger sample size or surgical model with higher incidence of
postoperative chronic pain might be a better model to study changes on central pain
processing associated with development of continued postoperative pain because it would
allow better power for group comparisons.

We are suggesting that results from this study are related to differences in pain processing.
However, we acknowledge that a viable alternative alternate explanation is that the
difference we observed in 5th pulse change (our proxy measure of sensitization) scores
could be from regression to the mean. This regression to the mean effect would have to be
specific to thermal suprathreshold pain sensitivity because we did not find significant
differences in modulatory capacity per our CPM protocol. To correctly address concerns
related to regression to the mean future studies should not compare patients with high
sensitivity to those with low sensitivity because there is always likely to be baseline
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differences to contend with. Instead, future longitudinal studies should incorporate
experimental designs by randomly assigning groups of patients with baseline levels of high
sensitization to different treatments and determine if the change scores differ. This type of
study would likely require a larger sample size, but the enhanced rigor would remove
concerns related to regression to mean.

Lastly, even though previous analysis from our group did not find a significant effect for
taking pain medication on quantitative sensory testing,%2 future studies should account for
this potential confounding factor.

In summary, the findings from the present study imply that a 3 month change in the 5th pain
rating of SHPR was associated with 6 month postoperative pain intensity and disability. In
addition, categorical analyses support our findings and highlight the clinical relevance by
showing that the 5™ pain rating differentially changed over time, such that the improved
group significantly decreased over time. This change in 5th pain rating of SHPR in
explaining postoperative pain intensity and disability ratings was independent of
psychological factors.

This finding provides evidence that facilitatory changes in the central modulatory system
might be a unique factor in the transition to continued postoperative pain intensity and
disability. These data also provide potential monitoring targets to distinguish between those
that are likely to develop chronic pain syndromes and those that are not. However, because
the assessment of central modulatory system requires expensive and special equipment,
future studies may explore more clinically feasible quantitative sensory testing methods (e.g.
mechanical) in surgical populations to predict postoperative pain intensity and disability83.
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Demographic characteristics and summary of medical history for the sample
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Improved Not improved I "éprroz\/;d imerct))tved
Subject’s characteristics GI’O'L\Jl[léBaJ n) Groklgigal n) V:I_u e (dils\lanSity) (dggﬁﬁy) VaF:I-ue
Mean (SD) Mean (SD) Mean (SD) Megrzmz(:;D)
Age 45.07 (19.24) 48(17.86) 0.61  43.25(17.98) 51.35(20.73)  0.09
Gender 0.91 0.17
- Male 43 (72.9%) 10 (71.4%) 37(67.3%) 19 (82.6%)
- Female 16 (27.1%) 4(28.6%) 18 (32.7%) 4 (17.4%)
Dominant Side 0.81 0.62
- Right 52 (88.1%) 12 (85.7) 48 (87.3%) 21 (91.3%)
- Left 7 (11.9%) 2(14.3) 7 (12.7%) 2 (8.7%)
Ethnicity 0.73 0.22
- Hispanic or Latino 5 (8.5%) 0 5 (9.1%) 0
- Non Hispanic or Latino 51 (86.4%) 14 (100%) 48 (87.3%) 22 (95.7%)
- Unknown or not reported 3(5.1%) 0 2 (3.6%) 1(4.3%)
Race 0.56 0.80
- Asian 0 0 0 0
pacifc dander O 0 0 0
ohack or Affican 3 (5.1%) 1(7.1%) 4(7.3%) 0
- White 50 (84.7%) 12 (85.7%) 45 (81.8%) 22 (95.7%)
- More Than One Race 4 (6.8%) 1(7.1%) 4 (7.3%) 1(4.3%)
R‘é’;‘g‘r';g(‘j"’" or Not 2 (3.4%) 0 2 (3.6%) 0
Surgery side 0.85 0.28
- Right 32 (54.2%) 8 (57.1%) 26 (47.3%) 14 (60.9%)
- Left RPI 27 (45.8%) 6 (42.9%) 29 (52.7%) 9 (39.1%)
- Baseline 3.61(2.28) 2.48 (1.96) 0.09  404(218)  1.77(1.49)  <0.001
- 3 months after surgery 1.54 (1.56) 2.29 (2.03) 0.13 1.69 (1.49) 1.71 (2.00) 0.98
- 6 months after surgery 0.80 (0.90) 2.81(2.12) <0.001 1.15 (1.45) 1.39 (1.45) 0.51
DASH
- Baseline 40.89 (18.64) 38.75(16.16)  0.69  46.23(16.54) 25.43(12.35) <0.001
- 3 months after surgery 29.39(16.92)  18.72 (5.00) 0.22  28.31(15.90) 36.14(18.22) 0.07
- 6 months after surgery 15.08 (10.59)  28.39 (12.81) <0.001 14.86 (11.16) 26.08 (11.12) <0.001
Pain duration (weeks) 71.17(86.69) &gg:g% 031  68.98(68.59) (18387-_7183) 0.39
Previous rehabilitation 0.06 0.41
- Yes 31 (52.5%) 4 (28.6%) 23(41.8%) 13 (56.5%)
-No 23 (39%) 10 (71.4%) 27 (49.1%) 10 (43.5%)
- Missing 5 (8.5%) 0 5 (9.1%) 0
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Not
Improved Not improved ! néprroc;v;d improved
- - Group (pain)  Group (pain) P- e Group P-
Subject’s characteristics N=50 N=14 value (dlls\lal)égty) (disability) Value
Mean (SD) Mean (SD) - N=23
Mean (SD)  \jean (sD)
Shoulder patholo
(Acromioglasty) ay 28 (47.5%) 6 (42.9%) 076  25(455%)  10(435%)  0.88
Shoulder pathology
(Bursas resection) 20 (33.9%) 2 (14.3%) 016 17 (30.9%) 6 (26.1%) 0.68
Shoulder patholo
(Labrum r’zpair) ay 28 (47.5%) 5 (35.7%) 043  25(455%)  11(47.8%)  0.85
Shoulder pathology 49(831%)  10(714%) 033  46(83.6%)  16(69.6%)  0.16

(Other)

Abbreviation: BPI, Brief Pain Inventory; DASH, Disability of the Arm, Shoulder, and Hand questionnaire.
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Table 2

Experimental pain assessment and psychological characteristics for the sample

. dmpe o Mg
Sample characteristics N=59 (pain) Value (dlS&PIhty) (dlwfnllty) value
Mean (SD) N=14 MeEES(gD) Me';lﬁz(gD)
Mean (SD)
5t pulse 50°C baseline 38.54 (25.29) 24.93(16.78) 0.06  40.68 (24.72)  27.22(19.29) 0.02
5t pulse 50°C at 3 months 31.11(26.42) 33.75(2358) 0.75 32.93(27.12) 32.65(24.59) 0.97
5t pulse 50°C at 6 months 2553 (21.65) 2523 (21.64) 0.96  27.46 (23.86) 26.20 (20.96)  0.84
Pre CPM baseline 32.17 (25.70)  23.57 (22.66) 0.26  34.03(26.01) 22.02 (19.11) 0.05
Pre CPM at 3 months 2497 (17.91) 2037 (14.31) 041 26.94(18.79) 20.04 (14.53)  0.14
Pre CPM at 6 months 20.74 (15.28) 25.68 (18.46) 0.32  22.60 (16.45) 22.15(16.22)  0.92
Post CPM baseline 24.65(24.84) 1529 (18.17) 021  26.06(25.16) 16.02(17.39)  0.09
Post CPM at 3 months 18.65(17.06) 16.78(19.15) 0.74  19.87 (18.26) 17.26 (17.43) 059
Post CPM at 6 months 1456 (13.31) 15.86(11.35) 0.75  16.63 (14.64) 12.14(9.39) 021

Absolute difference CPM baseline 7.50 (12.76) 8.40 (8.68) 0.81 7.99 (12.00) 6.00 (11.51) 0.51
Absolute difference CPM 3 months ~ 6.53 (9.25) 3.58 (10.59) 0.33 7.25(9.44) 2.78 (8.85) 0.08
Absolute difference CPM 6 months ~ 5.97 (7.82) 9.81 (10.79) 0.15 5.79 (8.28) 10.01 (11.43)  0.09

Percent change CPM baseline 22.72% 24.89% 0.88 26.02% 14.06% 0.29
Percent change CPM at 3 months 31.15% 32.03% 0.94 32.54% 25.93% 0.51
Percent change CPM at 6 months 31.24% 29.37% 0.85 27.67% 37.59% 0.25
Pain threshold baseline 43.86 (2.28) 44.78 (2.00) 0.17 43.90 (2.14) 44,59 (2.28) 0.22
Pain threshold 3 months 4430(2.39) 45.11(2.58) 029  44.43(2.37)  4451(2.39)  0.89
Pain threshold 6 months 4458 (2.32) 4523 (1.87) 035  44.84(221)  4453(2.29)  0.60
PCS baseline 9.86 (6.97) 8.07 (6.72) 0.39 9.98 (7.00) 8.14 (6.28) 0.29
PCS 3 months 8.42 (7.99) 9.21(9.39) 075  7.63(7.65) 10.13(8.86)  0.21
PCS 6 months 5.74(5.42)  10.00(7.85) 0.02  6.25(6.24) 7.39 (5.97) 0.46
PHQ-9 baseline 2.81(3.98) 450(2.62) 014  3.02(3.91) 322(319)  0.83
PHQ-9 3 months 2.65 (3.31) 450(350)  0.07  2.42(2.91) 3.96 (4.04) 0.06
PHQ-9 6 months 2.52 (3.51) 529(3.69) 001  2.43(3.22) 4.04 (4.26) 0.07

Abbreviation: CPM, Conditioned Pain Modulation; PCS, Pain Catastrophizing Scale; PHQ-9, Patient Health Questionnaire
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Table 4

Explaining 6 months post operative clinical pain intensity with 3 months change score of 5th pain rating after
controlling for potential predictive factors for persistent postsurgical pain

Variable R2 B SE B P-Value
15t Model 0.16 0.09
Age 0.01 0.01 0.15 0.25
Sex 0.86 0.41 0.03 0.83
Pain duration 0.002 0.002 0.12 0.33
Baseline PCS 0.01 0.03 0.04 0.78
Baseline PHQ-9 0.05 0.05 0.15 0.27
Baseline clinical pain 0.18 0.09 0.29 0.04
24 Model 0.27 0.01
Constant -0.08 0.64 0.90
Age 0.01 0.01 0.11 0.37
Sex -0.16 039 -0.05 0.68
Pain duration 0.002 0.002 0.15 0.19
Baseline PCS 0.01 0.03 0.05 0.70
Baseline PHQ-9 0.07 0.05 0.18 0.15
Baseline clinical pain 0.17 0.08 0.28 0.04
Change score of 5t -0.02 001 -035 0.003

pain rating

Abbreviation: PCS, Pain Catastrophizing Scale; PHQ-9, Patient Health Questionnaire
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Table 5

Explaining 6 months post operative disability with 3 months change score of 5th pain rating after controlling
for potential predictive factors for persistent postsurgical pain

Variable R? B SE B P-Value
15t Model 0.14 0.12
Age 0.15 0.08 0.25 0.07
Sex 134 342 005 0.69
Pain duration 001 001 011 0.36
Baseline PCS 032 025 019 0.19
Baseline PHQ-9 046 042 0.15 0.27
Baseline DASH 0.07 0.09 011 0.48
2" Model 0.23 0.02
Constant 2.02 6.05 0.74
Age 0.13 0.08 0.22 0.09
Sex 048 329 0.02 0.88
Pain duration 0.02 001 014 0.23
Baseline PCS 038 024 0.23 0.11
Baseline PHQ-9 048 039 0.16 0.24
Baseline DASH 0.08 0.09 013 0.37
Change score of 5t -0.15 0.06 -0.30 0.01

pain rating

Abbreviation: PCS, Pain Catastrophizing Scale; PHQ-9, Patient Health Questionnaire; DASH; Disability of the Arm, Shoulder, and Hand
questionnaire.
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