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Abstract

Objective—To examine whether pain sensitivity and pain catastrophizing are associated with
persistent pain and disability after lumbar spine surgery.

Design—~Prospective observational cohort study.
Setting—Academic medical center.

Participants—Patients (N = 68, mean + SD age = 57.9 + 13.1 years, N female = 40 (58.8%))
undergoing spine surgery for a degenerative condition from March 1, 2012 to April 30, 2013 were
assessed 6 weeks, 3 months, and 6 months after surgery.

Interventions—Not applicable.

Main Outcome Measure(s)—The main outcome measures were persistent back pain intensity,
pain interference, and disability. Patients with persistent back pain intensity, pain interference, or
disability were identified as those patients reporting Brief Pain Inventory scores > 4 and Oswestry
Disability Index scores = 21 at all postoperative time points.

Results—From 6 weeks to 6 months after surgery, approximately 12.9%, 24.2%, and 46.8% of
patients reported persistent back pain intensity, pain interference, or disability, respectively.
Increased pain sensitivity at 6 weeks was associated with having persistent back pain intensity
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(OR =2.0,95% CI = 1.0; 4.1) after surgery. Increased pain catastrophizing at 6 weeks was
associated with having persistent back pain intensity (OR = 1.1, 95% CI = 1.0; 1.2), pain
interference (OR = 1.1, 95% CI = 1.0; 1.2), and disability (OR = 1.3, 95% Cl =1.1; 1.4). An
interaction effect was not found between pain sensitivity and pain catastrophizing on persistent
outcomes (p > 0.05).

Conclusion(s)—Findings suggest the importance of early postoperative screening for pain
sensitivity and pain catastrophizing in order to identify patients at-risk for poor postoperative pain
intensity, interference, and/or disability outcomes. Future research should consider the benefit of
targeted therapeutic strategies for patients with these postoperative prognostic factors.
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INTRODUCTION

Degenerative lumbar spine conditions, such as spinal stenosis, are common in the general
population. These conditions are the most frequent indication for spine surgery in adults.1~#
In the United States (US), spine surgery continues to have the fastest growth among major
musculoskeletal procedures.> & Total medical expenditure for lumbar spine surgery in the
US exceeds $1 billion annually and is estimated to increase.”- 8 Despite increases in the
utilization of lumbar spine surgery, pain-related outcomes after surgery are poor with up to
40% of individuals experiencing chronic pain and pain-related disability.?: 10

Enhanced pain sensitivity responses reflect alterations in pain processing and have the
potential to explain variability in chronic postoperative pain outcomes.}1-17 Preoperative
pain sensitivity has been studied in various patients undergoing surgery,18-26 with some
evidence to support an association with postoperative pain following shoulder and knee
replacement surgery. However, the role of early postoperative pain sensitivity has not been
widely studied. 27- 28 Katz29 has suggested that preoperative factors are influential in the
transition from acute to chronic pain after surgery, while early postoperative factors may be
integral to the maintenance of ongoing postoperative pain. Early postoperative factors may
be useful for the identification of patients with persistent pain-related complaints occurring
after surgery. Furthermore, early postoperative assessment is relevant to rehabilitation
practitioners who initiate care for patients after surgery. Maladaptive pain processes
occurring after surgery may be early indicators of negative, long-term outcome that can
signify the necessity of additional postoperative therapeutic strategies to optimize
recovery.30

Psychological factors are widely considered as key determinants of postoperative
outcome.2’ Pain catastrophizing, specifically, is one of the most consistent risk factors for
chronic pain development and reflects an individual’s “psychological vulnerability.”27. 28, 31
Papaioannou et al.31 showed that preoperative pain catastrophizing was a unique predictor
of acute postoperative pain and analgesic use after lumbar fusion surgery. Additionally,
Abbott et al. 32 found preoperative pain catastrophizing predicted pain intensity and
disability 2—-3 years after lumbar fusion surgery. Similar to studies on pain sensitivity, much
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of the evidence on the role of pain catastrophizing has focused on the preoperative time
point. Recent studies have shown early postoperative psychosocial factors are predictive of
longer term postoperative lumbar spine outcome.33-3% For example, Archer et al 33 34 and
Seebach and colleagues3® found that negative pain beliefs at 6 weeks after spine surgery
were predictive of longer term pain, disability, and general health in patients with cervical
and lumbar degenerative conditions.

To date, few studies have considered both postoperative pain sensitivity and pain
catastrophizing as independent predictors of persistent pain outcomes after musculoskeletal
surgery.22: 36 Together, pain sensitivity and pain catastrophizing may indicate a potential
vulnerability profile for postoperative patients at risk for poor outcomes, especially
persistent pain.3” Examining multiple factors including pain sensitivity and pain
catastrophizing for determining risk is consistent with the multidimensional nature of pain.38
There is evidence to suggest that these factors are not redundant constructs and can be used
together to explain additional variance in clinical outcome.3% 40 The combined information
from both factors could lead to a better assessment of postoperative risk or assist in directing
postoperative management for improved outcomes.

Therefore, the primary aim of the current study was to determine whether pain sensitivity
and pain catastrophizing are associated with persistent pain and disability after lumbar spine
surgery. Our hypothesis was that higher levels of postoperative pain sensitivity and pain
catastrophizing would identify individuals with persistent back pain intensity, pain
interference, and disability up to 6 months after surgery.

METHODS

Participants

This study is a prospective observational cohort study of patients who have chronic pain and
are undergoing surgery for a lumbar degenerative condition. Patients were consecutively
enrolled into this study from the Department of Orthopaedic Surgery at Vanderbilt
University Medical Center from March 1, 2012 to April 30, 2013. To be eligible, patients
needed to be 21 years of age or older, English-speaking, have back and/or leg pain
complaints greater than 6 months, and undergoing surgical laminectomy with or without
arthrodesis (single or multiple levels) for a lumbar degenerative condition (e.g., spinal
stenosis, spondylosis with or without myelopathy, degenerative spondylolisthesis). The
choice of fusion approach (i.e., posterolateral, anterolateral, transforaminal) was at the
discretion of the treating surgeon. Patients were excluded if they met any of the following:
(1) spinal deformity as the primary indication for surgery; (2) surgery secondary to
pseudarthrosis, trauma, infection, or tumor; (3) history of neurological disorder or disease
resulting in moderate to severe movement dysfunction; (4) presence of schizophrenia or
other psychotic disorder; (5) surgery under workman’s compensation claim; and (6) unable
to return to clinic for standard follow-up visits with the surgeon. Patients who had
undergone microsurgery or experienced radicular symptoms caused by a prolapsed or
sequestered disc were also excluded from the study. The study protocol was approved by the
Institutional Review Board at Vanderbilt University Medical Center.
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Eligible participants were approached for study consent during a preoperative clinic visit.
Written informed consent was obtained and patients completed a preoperative demographic
and clinical questionnaire that collected data on age, sex, ethnicity, race, marital status,
education level, smoking status, pain duration, and prior surgery. At a standard 6 week
postoperative visit, participants completed a questionnaire assessing pain catastrophizing
and underwent pressure pain threshold (PPT) testing. Participants also completed patient-
reported outcome measures that assessed pain intensity, pain interference, and disability.
These same outcome measures were completed at 3 and 6 months after surgery.

Pressure Pain Threshold—A hand-held pressure algometer (\Wagner Instruments,
Greenwish, CT) with 1-cm diameter tip was used for PPT testing. A trained examiner
applied a pressure stimulus to each side of the L1 spinous process at a rate of 1 kg/s. This
anatomical site was chosen as a standardized site for testing of all participants. Participants
were instructed to report the moment when the pressure sensation first becomes painful by
saying the word “pain”. The amount of pressure in kilograms was recorded. A total of three
measurements were obtained on each side of the L1 region and the average of PPT
measurements was computed.*! The test-retest reliability of PPT measurements has been
established in previous studies.*2 PPT assessment has shown to be a useful and
discriminative measure of pain hypersensitivity in patients with chronic low back pain.43

Pain Catastrophizing Scale—The Pain Catastrophizing Scale (PCS) is a 13-item
questionnaire that assesses the degree to which individuals have different thoughts and
feelings when in pain.#4 Each item is scored on a 5-point rating scale where 0 is “not at all”
and 5 is “all the time”. Total scores for the PCS can range from 0 to 52 with higher scores
reflecting higher levels of pain catastrophizing. The PCS is a reliable and valid

measure.*® 46 PCS scores have been shown to be influential on pain-related outcomes
including disability in patients with degenerative lumbar spine conditions.#7: 48

Brief Pain Inventory—The Brief Pain Inventory (BPI) was used to measure back pain
intensity and pain interference with activity.*® The 4-item pain intensity subscale assesses
current, worst, least, and average back pain. The 7-item pain interference subscale assesses
general activity, mood, walking ability, normal work, relations with other people, sleep, and
enjoyment of life. Both subscales use an 11-point numerical rating scale with O representing
“no pain” or “does not interfere” and 10 representing “pain as bad as you can imagine” or
“completely interferes”. BPI scores for pain intensity and pain interference were computed
as the average of the 4-item and 7-item subscales, respectively. The BPI has proven both
reliable and valid in both surgical patients and patients with chronic low back pain.>°

Oswestry Disability Index—The 10-item Oswestry Disability Index (ODI) measures
condition-specific disability.>! Individual items of pain intensity, personal care, lifting,
walking, sitting, standing, sleeping, sex life, social life, and traveling are each scored on a 0
(high functioning) to 5 (low functioning) scale. Total scores are divided by the total possible
score and multiplied by 100 to create a percentage of disability. Higher scores on the ODI
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indicate higher levels of disability. The ODI has demonstrated strong test-retest reliability
and validity, and good internal consistency in both patients after spine surgery and with
chronic low back pain.52 53

Persistent Pain and Disability Classification

Patients were classified as having persistent back pain intensity or interference if BPI
subscale scores were greater than 4 or persistent disability if ODI scores were greater than
21 at all postoperative time-points (e.g., 6 week, 3 month, and 6 month). These cut-off
scores have been used to indicate moderate-to-severe complaints.53: 54 Patients who did not
report moderate-to-severe complaints at all postoperative time points were classified as non-
persistent.

Sample Size

The minimum acceptable sample size was determined based on the guideline of 10-15 cases
per individual predictor (n = 4) for conducting regression analyses.5® 56 In this case, the
minimum total sample size needed was 60 participants.

Data Analysis

Data were analyzed with IBM SPSS Statistics for Windows, version 22 (SPSS, Inc.,
Chicago, IL). Alpha was set at an a-priori level of 0.05 or less for statistical significance.
Descriptive data were generated for categorical and continuous variables. Comparisons of
PCS and PPT scores were made based on persistent and non-persistent classification using a
t-test or Mann-Whitney U test.

Hierarchical multivariable logistic regression analyses with maximum likelihood estimation
were performed to determine the unique contribution of PPT and PCS on persistent pain and
disability, after controlling for a-priori factors of age and sex. Prior to multivariable
analyses, PPT values were reflected so that higher values indicated enhanced pain
sensitivity. Pearson correlation coefficients were used to assess correlation values between
independent variables. A value of 0.7 or greater indicated multicollinearity.>® Based on this
criterion, there was a lack of multicollinearity between independent variables (data not
presented). In each of the a priori determined hierarchical models, age, sex, and PCS were
entered into the first step, PPT was entered into the second step, and an interaction term of
PCS and PPT (e.qg., the product of PCS and PPT) was entered into the third step. The
interaction of PCS and PPT was added to further examine the joint effects of the two
variables and whether the influence of PCS or PPT was dependent on the value of the other
factor.>’ Since interaction terms pose a threat for multicollinearity, independent variables
were centered prior to analyses.>® Model statistics including likelihood ratio (LR) tests and
classification accuracy were examined for each model step. Relative individual predictor
strength and significance was assessed with odds ratios and 95% confidence intervals.
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RESULTS

Patients

Table 1 and 2 summarize socio-demographic and clinical characteristics of the sample and
outcome scores across all postoperative time points. Sixty-eight patients (40 female (58.8%),
28 male (41.2%)) with mean age (SD) of 57.9 (13.1) years were enrolled into this study. The
majority of patients were non-Hispanic, white, non-smokers with some college experience at
a minimum, and underwent fusion surgery. The mean (SD) PCS score and PPT at 6 weeks
after surgery were 12.6 (11.1) and 4.0 (2.3) kg, respectively. No differences in PCS and PPT
scores at 6 weeks were noted between patients with or without fusion surgery (p < 0.05).

Identification of Persistent Pain and Disability

Sixty-two patients (91.2%) completed all follow-up assessments up to 6 months after
surgery. Over the course of postoperative period, eight patients (12.9%) reported persistent
back pain intensity, 15 participants (24.2%) reported persistent pain interference, and 29
participants (46.8%) reported persistent disability. Based on these data, twenty-one patients
(33.9%) reported persistent disability without persistent back pain intensity. Figure 1
illustrates the mean value for back pain intensity, pain interference, and disability at 6
weeks, 3 months, and 6 months for persistent and nonpersistent groups.

Persistent and Non-persistent Group Comparisons

Figure 2 illustrates PPT and PCS differences between persistent and non-persistent groups.
PPTs were significantly different between persistent and non-persistent back pain intensity
(mean difference [95% CI] = -1.8 [-3.5; —0.04]), pain interference (mean difference [95%
Cl] = -1.5[-2.8; -0.1]), and disability groups (mean difference [95% CI] = -1.4 [-2.5;
-0.2]). Participants with persistent complaints had lower PPTs reflecting higher pain
sensitivity. PCS scores were different between persistent and non-persistent back pain
intensity (mean difference [95% CI] = 15.0 [7.2; 22.7]), pain interference (mean difference
[95% CI] = 13.4 [7.6; 19.3]), and disability groups (mean difference [95% CI] = 14.3 [9.8;
18.8]). Participants with persistent complaints demonstrated higher levels of pain
catastrophizing.

Multivariable Association of PPT and PCS with Persistent Outcome

Table 3 displays the hierarchical regression models for each of the three persistent
outcomes. After accounting for pain catastrophizing, higher pain sensitivity was associated
with higher odds of persistent back pain intensity (OR [95% CI] = 2.0 [1.0; 4.1]). Likewise,
after accounting for pain sensitivity, higher PCS scores were associated with higher odds of
persistent back pain intensity (OR [95% CI] = 1.1 [1.0; 1.2]), pain interference (OR [95%
Cl]=1.1[1.0; 1.2]), and disability (OR [95% CI] = 1.3 [1.1; 1.4]). The interaction between
PPT and PCS was not associated with persistent outcome (p > 0.05) (results of model step
not shown).
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DISCUSSION

This study examined whether pain sensitivity and pain catastrophizing are associated with
persistent pain and disability after lumbar spine surgery. After accounting for pain
catastrophizing, postoperative pain sensitivity was predictive of persistent back pain
intensity, but not pain interference or disability. Postoperative pain catastrophizing was a
consistent predictor of all persistent pain-related outcomes. These findings suggest pain
sensitivity and pain catastrophizing may be useful indicators early after lumbar spine
surgery for identifying individuals at risk for persistent pain problems.

Pain sensitivity responses are proxy measures of pain processing and reflect alterations such
as peripheral and central sensitization.>® Due to pain processing changes that remain after
the removal of a nociceptive stimulus,®0 sensitization is considered a risk factor for the
development and maintenance of chronic pain. Previous research has shown enhanced pain
sensitivity at the site of pain (e.g., lumbar spine) to be a good indicator of sensitization.*3 As
hypothesized, these findings suggest that enhanced sensitization is a contributing factor in
persistent pain intensity levels, even after controlling for pain catastrophizing. Conversely,
these data did not support the hypothesis that postoperative pain sensitivity was related to
persistent pain interference and disability. Local pain sensitivity as measured by PPTs at the
site of pain may not be an indicator of persistent functional outcome after spine surgery, but
rather a risk measure related to the sensory aspects of the pain experience (e.g., pain
intensity). Similarly findings supporting the association between pain sensitivity and clinical
pain have been found in patients with spine pain and knee osteoarthritis.51-63

To date, this is the first study to examine postoperative pain sensitivity and its association
with persistent pain outcomes after lumbar spine surgery. Kim and colleagues®* 5 recently
found an association between preoperative self-reported sensitization, as measured by the
Pain Sensitivity Questionnaire (PSQ), and postoperative lumbar spine outcomes. In contrast
to our findings, Kim et al.5¢ found self-reported pain sensitivity to be associated with both
pain intensity and disability. It is possible the method of assessing sensitization (e.g., PSQ
vs. psychophysical testing) may explain the differing results with the Kim et al.5¢ paper
having potential for shared method variance to account for the association with disability.
Our findings add to the growing body of literature examining the clinical utility of pain
sensitivity measurement, especially in relation to predicting persistent pain. Pain sensitivity
measures are considered useful tools for examining pain mechanisms.13 Heightened pain
sensitivity suggests alterations in peripheral and central processes involved in the
transmission and modulation of nociceptive information. Based on findings from the current
study, early pain sensitivity alterations after spine surgery may suggest deficits in a patient’s
pain modulation capacity. This is a potential explanation for why some patients did not show
recovery in back pain intensity.

The association of postoperative pain catastrophizing and persistent pain outcomes after

lumbar spine surgery is in agreement with the literature on pain catastrophizing and chronic
pain.6”: 68 Pain catastrophizing is a consistent predictor of pain-related outcomes, even after
controlling for other influential factors such as anxiety and depression.31: 6 Currently, there
is limited evidence for the role of catastrophizing in patients with degenerative lumbar spine
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conditions undergoing surgery. Kim et al. 48 found pain catastrophizing to be associated
with pain intensity and disability in patients with lumbar spine stenosis at an initial
evaluation visit. Additionally, Papaioannou et al.3! reported a longitudinal association
between preoperative pain catastrophizing and acute (e.g., 1-2 days) postoperative pain
intensity. In the current study, pain catastrophizing was consistently associated with
persistent pain and disability over a course of 6 months after lumbar spine surgery.
Interestingly, an interaction between pain catastrophizing and pain sensitivity was not found.
This finding suggests there is not an additive effect and pain catastrophizing and pain
sensitivity can be viewed as separate prognostic factors. Consistent with this, previous
research has also shown similar psychological profiles including PCS scores in patients with
spine pain who had either low or high pain sensitivity, further supporting the distinction in
measurement of pain sensitivity and pain catastrophizing.6!

Although the mechanisms by which pain sensitivity and/or pain catastrophizing influence
clinical outcomes remain unknown,4 therapeutic strategies to address higher levels of these
risk factors are available. Specifically, multi-modal postoperative management is an integral
part of a personalized pain management approach and appears to be warranted in patients
after spine surgery with both persistent disability and back pain. For pain sensitivity,
interventions to induce hypoalgesia are useful adjuncts to include within a postoperative
management scheme. These interventions include both pharmacological and non-
pharmacological options. For example, Duloxetine has been shown to be an efficacious pain
inhibitor in multiple conditions showing heightened pain sensitivity including chronic low
back pain.’%-72 Cognitive-behavioral therapy (CBT) has been employed to address elevated
levels of pain catastrophizing in select patient populations.2” There is evidence
demonstrating the clinical benefits of cognitive-behavioral based approaches for patients
after lumbar spine surgery.’3-"> Abbott et al.”® demonstrated superior outcomes with a
combined biocognitive and exercise approach after lumbar spine fusion. Similarly,
Monticone et al.”® reported superior clinical benefits up to one year after lumbar fusion in
patients who received CBT in addition to standardized physical therapy exercises. However,
neither of these studies targeted the CBT intervention to patient subgroups with elevated
pain catastrophizing. Future research should examine the effectiveness of cognitive-based
interventions for improving outcomes in patients with higher levels of pain catastrophizing.

Study Limitations

There are several limitations in this study. Generalizability may be limited to the select
patients enrolled from a single academic medical center. Inclusion of a larger and potentially
broader sample involving multiple clinical sites should be considered in future studies.
Similarly, outcomes are limited to the 6-month time period after surgery. These findings
cannot be extended to longer periods after surgery. PPT at the local region only was used as
sensitization measure primarily for its administrative ease within a busy clinical setting.
Neziri et al.*3 suggested that local PPT responses are among the most useful measures of
hypersensitivity in patients with low back pain complaints. However, the method of
assessing pain sensitivity in the current study was limited to a static PPT measurement and it
is undetermined whether different pain sensitivity measurement procedures would result in
similar findings. Future studies in patients with lumbar spine surgery may want to consider
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multiple site assessment, different experimental stimuli, or inclusion of more time-intensive
protocols (e.g., dynamic pain sensitivity) for determining a comprehensive pain sensitivity
profile.”®: 77 Pain catastrophizing was the only psychological factor included in this study.
This study cannot account for the potential influence of other factors such as depression,
anxiety, or fear. Preoperative pain sensitivity and pain catastrophizing data were not
included in this study, thus it is not possible to determine whether these responses are a
result of surgery or reflect a preoperative state.

Clinical Implications

Clinically, the findings of the current study suggest that measurement of pain sensitivity and
pain catastrophizing in the early postoperative period can be an indicator of poor outcomes.
The relative clinical importance of pain catastrophizing seems greater as pain
catastrophizing was associated with persistent pain and disability, while pain sensitivity was
only associated with persistent pain intensity. Measurement of postoperative PPT and pain
catastrophizing requires minimal training and effort and can be easily embedded as a
screening procedure at a standard postoperative visit. This screening process has potential to
influence postoperative decision-making as individuals with heightened pain sensitivity or
pain catastrophizing may benefit from directed postoperative management.

CONCLUSION

Early postoperative pain sensitivity and pain catastrophizing were associated with persistent
pain-related complaints after lumbar spine surgery. Specifically, pain sensitivity predicted
persistent back pain intensity, while pain catastrophizing predicted back pain intensity, pain
interference, and disability. These findings suggest the importance of early postoperative
screening for pain sensitivity and pain catastrophizing in order to identify patients at-risk for
poor outcomes following lumbar spine surgery.
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Comparison of a) pain catastrophizing (PCS) and b) pressure pain thresholds (PPT) between
persistent and non-persistent groups. * indicates significant difference between groups (p <

0.05).

Arch Phys Med Rehabil. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Coronado et al.

Socio-demographic and clinical characteristics of participants (N = 68).

TABLE 1

Mean * SD or Median [IQR] N (%)

Demographic Characteristics

Age in years 57.9+13.1
Sex, N (%) female

Ethnicity, N (%) not Hispanic or Latino

Race, N (%) white

Marital status, N (%) married

Education, N (%) more than high school

Smoking status, N (%) current smoking

Clinical Characteristics

Duration in months of preoperative pain 248+275
Prior spine surgery, N (%) yes

Fusion, N (%) yes

Number of fusion levels 1[1-2]

Number of laminectomy levels 2[1-3]

40 (58.8)
66 (97.1)
56 (82.4)
45 (66.2)
49 (72.1)
13 (19.1)

25 (36.8)
47 (69.1)
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TABLE 2

Summary of descriptive statistics for postoperative clinical outcomes.

Mean+SD Min-Max Median

Back pain intensity
6 week 2821
3 month 28+24
6 month 21+£22
Pain interference

6 weeks 33+29
3 month 3.0+£3.2
6 month 25+28
Disability

0.0-8.0 2.5
0.0-9.0 1.8
0.0-9.0 1.4

0.0-9.4 2.6
0.0-93 1.4
0.0-9.6 1.0

6weeks 358+17.9 0.0-720 34.0

3month 283%£201 0.0-76.0 26.0

6month 235+198 0.0-74.0 20.0
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