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Abstract

Background

Control over pain and pain coping strategies are associated with pain intensity as well as psychological status and
subjective disability in patients experiencing pain. The present study assessed the clinical values of control over
pain and pain coping strategies in surgical treatment for patients with lumbar spinal stenosis using mediation analy-
sis.

Methods

Sixty-two patients with lumbar spinal stenosis (median age, 70 years; 34 men, 28 women) were evaluated before
surgery. The pain intensity and area, psychological status/subjective disability (Japanese Orthopaedic Association
Back Pain Evaluation Questionnaire), and control over pain/pain coping strategies (Coping Strategies Question-
naire) were assessed. Mediation analysis, which consisted of serial regression analyses, mainly tested whether (1)
control over pain/pain coping strategies were predicted by pain characteristics and (2) control over pain/pain cop-
ing strategies predicted psychological status/subjective disability after controlling for pain characteristics.

Results

Control over pain was predicted by pain intensity (regression coefficient, -0.33; p = 0.01); moreover, it predicted
walking ability (standardized partial regression coefficient, 0.31; p = 0.01) and social function (0.38; p = 0.00) after
controlling for pain intensity. Although increasing activity level, one pain coping strategy, was predicted by pain in-
tensity (regression coefficient, -0.30; p = 0.02), it did not predict walking ability (standardized partial regression
coefficient, 0.07; p = 0.53) or social function (0.13; p = 0.33) when considering pain intensity.

Conclusions

In this cohort, mediation analysis demonstrated that pain intensity did not directly affect perceived walking ability
or social function, but did affect control over pain; moreover, control over pain affected walking ability and social
function.

Clinical relevance

These findings are useful for a deep understanding of the relationships between pain and subjective disability in
preoperative patients with lumbar spinal stenosis. More attention should be given to patients’ thoughts about pain
such as control over pain.
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Correlations of pain intensity with psychological sta-

Introduction tus and subjective disability have been demonstrated
Patients with lumbar spinal stenosis (LSS) often have in patients with LSS." According to previous re-
neuropathic leg pain due to nerve root compression search, the more severe the pain intensity, the worse
and/or cauda equine syndrome. Therefore, manage- the psychological status and subjective disability in
ment of neuropathic pain is important in patients patients with LSS." In the clinical setting, however,
with LSS. we encounter patients with LSS who do not have

much deterioration of their psychological status and/
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or subjective disability relative to severe pain and
vice versa.

The transactional model of stress” can explain this
clinical anomaly. This transactional model empha-
sizes the following two points: 1) causes of stress
(e.g., pain) do not directly affect stress reactions
(e.g., psychological status); and 2) cognitive ap-
praisals “mediate” between causes of stress and
stress reactions and can modify stress reactions.
Pain-related beliefs (e.g., perceived control over pain)
and pain coping strategies, which are the behaviors
and thoughts patients use to cope with pain, were
cognitive appraisals in patients experiencing pain.
Control over pain and pain coping strategies are re-
portedly associated with pain intensity’ as well as
psychological status and subjective disability*” in
painful patients. Based on these findings, the present
author hypothesized that control over pain and pain
coping strategies “mediate” between pain and psy-
chological status/subjective disability in painful pa-
tients with LSS. However, this model has not yet
been established and is therefore unpopular in pa-
tients with LSS.

Mediation analysis was developed to investigate
whether a factor mediates between a cause and a re-
sult. This analysis is used for a population of painful
patients.® Kim et al.” reported that pain catastrophiz-
ing, a cognitive appraisal for pain, mediated between
sex differences in pain and subjective disability in pa-
tients with LSS. Mediation analysis is a suitable sta-
tistical technique for testing the abovementioned hy-
pothesis including control over pain and pain coping
strategies.

The present study assessed the clinical values of con-
trol over pain and pain coping strategies in surgical
treatment for patients with LSS. This assessment in-
volved a mediation analysis to test whether control
over pain and pain coping strategies mediated be-
tween pain and psychological status/subjective dis-
ability in preoperative patients with LSS.

Materials and Methods

Study design
This cross-sectional study was conducted from Octo-

ber 2011 to January 2014 in a Japanese general hospi-
tal with a spine care center. The study was per-
formed after gaining approval from the ethics com-
mittee of the hospital.

Participants

Preoperative patients with LSS who had neuropathic
leg pain participated. Decompressive surgery with/
without spinal fusion was planned for all patients. In
all patients, imaging such as magnetic resonance
imaging or computed tomography was used to con-
firm that nerve root(s) or dura mater were pressed by
osseous and/or soft tissues, and leg pain was tem-
porarily relieved by root block or continuous epidural
anesthesia before proposal for surgery. Surgery was
avoided for patients whose pain was obviously de-
rived from other factors such as hip or knee os-
teoarthritis, diabetes mellitus, deep vein thrombosis,
or tarsal tunnel syndrome.

The following preoperative patients were excluded
from the present study: those with a history of lum-
bar surgery, those who needed major spinal recon-
struction at three or more levels, those who had a
psychiatric history, and those whose cognitive func-
tion was so low that they could not explain their pain
in detail.

Assessments

Pain characteristics

An 11-point numerical rating scale (NRS) (0 = no
pain, 10 = unbearable pain) and a pain drawing test
were used to assess the intensity and area of leg pain,
respectively. Patients were asked about their average
intensity and area of pain experienced during activi-
ties of daily living. Ohlund’s method (0 = no pain,
111 = whole-body pain)® was applied to quantify the
results of the pain drawing test.

Psychological status and subjective disability

The Japanese Orthopaedic Association Back Pain
Evaluation Questionnaire (JOABPEQ),’ the
test-retest reliability and construct validity of which
have been assessed,'®" is classified into the following
five subcategories: mental health, walking ability, so-
cial function, low back pain, and lumbar function.
Subcategories of mental health and walking ability/
social function were used to assess patients’ psycho-
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logical status and subjective disability, respectively.
Each subcategory score was calculated by an estab-
lished formula (0-100 points, where 0 = poor psy-
chological status or severe subjective disability).

Control over pain and pain coping strategies

The Japanese short version of the Coping Strategies
Questionnaire (CSQ-J),"” which is based on the origi-
nal CSQ," was used. Internal reliability of the CSQ
has been ensured," and its construct validity is gen-
erally acceptable.” Both the CSQ and the CSQ-] as-
sess control over pain and include six cognitive
strategies (praying or hoping, catastrophizing, coping
self-statements, diverting attention, reinterpreting
pain sensations, and ignoring pain sensations) and
two behavioral strategies (increasing pain behavior
and increasing activity level). The CSQ-J contains
one question for control over pain and two questions
for each cognitive and behavioral strategy. In the pre-
sent study, these questions were graded on a seven-
point Likert scale (0 = “no control over pain” or
“never do” and 6 = “complete control over pain” or
“always do that when in pain”). Thus, the score for
control over pain ranged from O to 6 points, and the
score for each coping strategy ranged from 0 to 12
points. Greater scores indicated that patients either
could control their pain more effectively or more fre-
quently used the coping strategy.

Statistical methods

The median and quartile deviation (QD) as well as
the maximum and minimum values were calculated
as the representative value of each assessed item.

Pain characteristics (NRS score and pain drawing
test result) were defined as “variables A,” control
over pain and pain coping strategies (CSQ-J subcate-
gory scores) were defined as “variables B,” and psy-
chological status and subjective disability
(JOABPEQ subcategory scores for mental health,
walking ability, and social function) were defined as
“variables C.”

The present hypothetical “mediation” model (Fig-
ure 1) was investigated by the following three-step re-
gression models, collectively termed mediation
analysis (Figure 2):

Fiirst regression model: Variables A were used as inde-
pendent variables, and variables C were used as de-
pendent variables. If the mediation model was con-
cluded, significant regression coefficients of variables
A had to be obtained.

Second regression model: Variables A were used as in-
dependent variables, and variables B were used as

Variables B
(control over pain/ pain
coping strategies)

7 N

Variables C

Variables A .
(pain characteristics) [ (pmyehologionl, siatny
subjective disability)

Fig. 1. Hypothetical mediation model. We supposed that variables A
affected variables C through variables B (black arrows), and so the direct
impact of variables A on variables C was weak or spurious (dotted white
arrow).

15t step models

Vatiables C

Variables A - T
. - sychological status/
(pain characteristics) subjective. disability)

Regression equation: Variables C = a;(Variables A) + (constant)

24 step models Variables B

{control over pain’ pain
’ coping strategies)

Variables A

(pain characteristics)

Regression equation: Variables B = ay(Variables A) + (constant)

d
3 step models Vatiables B

(control over pain’ pain
coping strategies) \

Vatiables C

Variables A : )
(pain characteristics) - {psychological status/
subjective disability)

Regression equation: Variables C = as(Variables A) +b (Variables B) + (constant)

Fig. 2. Three-step regression models in mediation analysis. The first-step
models were constructed to predict variables C using variables A. The
second-step models were constructed to predict variables B using variables
A. The third-step models were constructed to predict variables C using both
variables A and B. When variables A affected variables C via variables B,
the standardized regression coefficients of variables A for variables C in the
third-step models had to be lower than the regression coefficients of
variables A for variables C in the first-step models.
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dependent variables. If the mediation model was
concluded, significant regression coefficients of vari-
ables B had to be obtained.

Third regression model: Both variables A and B were
used as independent variables, and variables C were
used as dependent variables. If the mediation model
was concluded, significant standardized partial re-
gression coeflicients of variables B had to be ob-
tained, and standardized partial regression coeffi-
cients of variables A had to be lower than those in the
first regression model.

Finally, the nonparametric bias-corrected bootstrap

method (n = 2000) was performed to check whether
the indirect effects of variables A for variables C via

variables B were statistically significant.

All statistical analyses were performed using HAD
ver. 13 developed by Yuji Shimizu of Kwansei Gakuin
University, Japan.'® Values of p < 0.05 were consid-
ered statistically significant.

Results

Sixty-two patients with LSS (34 men, 28 women)
participated in the present study. The patients’ age
ranged from 45 to 82 years (median, 70 years; QD,
4.5 years). Thirty-three of 62 patients (53.2%) were
diagnosed with LSS with spondylolisthesis, six pa-
tients (9.7%) were diagnosed with LSS with degener-
ative scoliosis, and three patients (9.4%) were diag-
nosed with LSS with spondylolisthesis and degenera-
tive scoliosis. The symptom duration ranged from <1
to 10 years (median, 2 years; QD, 1.5 years). No pa-
tients had a symptom duration of >10 years.

The median, QD, and range of each assessed item
are summarized in Table 1.

The NRS score predicted the walking ability and so-
cial function scores, but the pain drawing test result

was not predictive in the first regression model (up-

per part of Table 2). Therefore, only the NRS score

was used as an independent variable in the next sec-
ond regression model.

The NRS score predicted the control over pain and

increasing activity level scores in the second regres-
sion model (lower part of Table 2). Thus, the follow-
ing four combinations were tested in the next third
regression model. Combination 1: The NRS score
and control over pain were used as independent vari-
ables, and walking ability was used as a dependent
variable. Combination 2: The NRS score and control
over pain were used as independent variables, and
social function was used as a dependent variable.
Combination 3: The NRS score and increasing activ-
ity level were used as independent variables, and
walking ability was used as a dependent variable.
Combination 4: The NRS score and increasing activ-
ity level were used as independent variables, and so-
cial function was used as a dependent variable.

Table 1. Fundamental statistics of the assessed items.

Items (range of scores) Median Q“,a‘me Maximum = Minimum
deviation

Pain characteristics

Numerical rating scale

(0-10) 7 2.0 2 10

Pain drawing (0-111) 19.5 6.6 70 1

Psychological status and

subjective disability

Mental health (0-100) 47.6 8.5 74.8 29

Walking ability (0—-100) 28.6 14.3 100 0

Social function (0-100) 45.9 9.5 86.5 0

Control over pain and pain

coping strategies

Control over pain (0-6) 3 0.5 0 5

Praying or hoping (0-12) 12 2.4 2 12

Catastrophizing (0-12) 6 2.4 0 11

Coping self-statements

(0-12) 9 3.0 2 12

Diverting attention (0—12) 8 2.0 0 12

Reinterpreting pain sensa-

tions (0-12) 3 13 0 12

Ignoring pain sensations

(0-12) 5 2.0 0 12

Increasing pain behavior

(0-12) 8 2.0 0 12

Increasing activity level

(0-12) 6.5 2.0 0 12
N=62.
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Standardized partial regression coefficients in the
third multiple regression models are shown in Table
3. Indirect effects from pain intensity to walking abili-
ty/social function via control over pain (Combina-
tions 1 and 2) were statistically significant.

Moreover, catastrophizing in addition to the NRS
score was used as an independent variable for multi-
ple regression analyses because catastrophizing pre-
dicted mental health (regression coefficient, -0.41; p
= 0.00) and walking ability (-0.30; p = 0.02). As a re-
sult, catastrophizing predicted psychological status
(standardized partial regression coefficient, -0.39; p
= 0.00) and walking ability (-0.26; p = 0.03) after
controlling for the NRS score.

Table 2. Regression coefficients in the first and second regression models.

Steps Independent Dependent Regression
P variables variables coefficients
First regression Numerical -0.19 (p=
modellings rating scale 0.13)
Mental health
. . -0.11(p=
Pain drawing 0.42)
Numerical -035(p=
rating scale 0.00)
Walking ability
. . -0.12 (p=
Pain drawing 0.35)
Numerical -0.26 (p=
rating scale 0.04)
Social function
. . —0.15(p=
Pain drawing 0.25)
Second regression . -033(p=
modellings Control over pain 0.01)
Praying or hoping 0.07 (p = 0.60)
Catastrophizing 0.10 (p=0.44)
Coping —0.10 (p=
self-statements 0.44)
s . -021(p=
Numerical Diverting attention 0.10)
rating scale
Reinterpreting pain = —0.07 (p =
sensations 0.61)
Ignoring pain -024 (p=
sensations 0.06)
Increasing pain _
behavior 0.23 (p=0.07)
Increasing activity -030(p=
level 0.02)
N=62.

Discussion

Patient characteristics

The median NRS scores and the scores for mental
health, walking ability, and social function of the
JOABPEQ were 7.0, 47.6, 28.6, and 45.9 points, re-
spectively, in the present study. Preoperatively, the
patients had greater pain and lower walking ability
than those in a large cohort studied by Ohtori et al.”
despite the fact that there were no large differences
in demographic factors between the two cohorts. In
addition, the present study included few patients
whose symptom durations were 10 years, although
the majority of patients in the present study had suf-
fered from LSS for <2 years. However, it was thought
that the patients in the present study were good sur-
gical candidates because mechanical compression of
the root(s) or dura mater based on osseous and/or
soft tissues had been evident, and root block or con-
tinuous epidural anesthesia had been effective for
pain relief.

Associations among pain characteristics, psychological
status/subjective disability, and control over pain and
pain coping strategies

The present study assessed whether control over

pain and pain coping strategies mediate between pain
Table 3. Standardized partial regression coefficients in the third multiple
regression model.

Combinations Independent Dependent Standardized partial

variables variables regression coefficients
1 Numerical ~0.25 (p = 0.04)
rating scale .
Walking
Control ability
ontrol over _
pain 0.31 (p=0.01)
2 Numerical ~0.14 (p = 0.26)
rating scale .
Social
Control function
ontrol over _
pain 0.38 (p =0.00)
3 Numerical ~0.24 (p = 0.60)
rating scale .
Walking
. i ability
ncreasing _
activity level 0.07(p =0.53)
4 Numerical 032 (p=0.02)
rating scale .
Social
I . function
fICTCasing 0.13 (p=0.33)

activity level

N=62.
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characteristics and psychological status/subjective
disability using mediation analysis (Figure 1).

Combinations of the NRS score and walking func-
tion/social function passed the first regression mod-
el. The intensity of leg pain predicted walking ability
and social functions, but the pain area did not predict
mental health and subjective disability in the first re-
gression model. In one study, the pain area was asso-
ciated with anxiety in preoperative patients with cer-
vical myelopathy." Patients with LSS often develop
neuropathic leg pain that worsens upon standing and
walking, while patients with cervical myelopathy ex-
perience continuous neuropathic pain in the distal
limbs. The influences of the intensity and area of
pain on mental health/subjective disability might be
changeable according to the specificity of pain.

Control over pain and increasing activity level passed
the second regression model. This is why the four
combinations using the NRS score, walking func-
tion/social function, and control over pain/increas-
ing activity level were established and tested by a
third multiple regression model. The third regression
model showed that control over pain predicted walk-
ing ability and social function after controlling for in-
tensity of pain and that an increasing activity level
did not predict subjective disability.

Paths from intensity of pain and walking ability/so-
cial function through control over pain were demon-
strated by results of serial regression models and the
post hoc bootstrap method. When considering these
paths, the relationships between the intensity of pain
and walking ability/social function became weak and
spurious, respectively. The following relationships
were highlighted: the greater the intensity of pain,
the lower was the control over pain, and the lower
the control over pain, the lower was the subjective
walking ability and social function. These findings
are consistent with previous research showing that
increasing efficacy of control over pain is associated
with a reduced intensity and frequency of pain.”
However, an increasing activity level did not predict
walking ability and social function. The effects of this
coping strategy on subjective disability were small
compared with control over pain. Woby et al.” re-
ported that coping strategies were associated with

pain intensity and subjective disability but that these
relationships disappeared after controlling for control
over pain. These findings suggest that how patients
think about their pain is more important than how
they behave in relation to their pain.

Catastrophizing predicted mental health and walking
ability even if the influence of the intensity of pain on
mental health and walking ability was accommodat-
ed. However, catastrophizing did not mediate be-
tween the intensity of pain and mental health/walk-
ing ability because catastrophizing was not related to
the NRS score. Thus, we should understand that cat-
astrophizing is an important factor that affects men-
tal health and walking ability regardless of the inten-
sity of pain.

In conclusion, the present study demonstrated that
pain intensity affected control over pain, and control
over pain in turn affected perceived walking ability
and social function in patients with LSS who had
neuropathic leg pain that was expected to be relieved
through surgery. Furthermore, catastrophizing influ-
enced mental health and walking ability, although
catastrophizing did not mediate between intensity of
pain and mental health/walking ability. These find-
ings are useful for a deep understanding of the rela-
tionships between pain and subjective disability in
preoperative patients with LSS. We should pay atten-
tion to patients’ thoughts about pain, such as control
over pain and catastrophizing, in surgical treatment
for patients with LSS. Further studies are needed to
determine whether the present mediation model of
control over pain can be retained postoperatively. If
this mediation model is useful both before and after
surgery, the following postoperative course will be
concluded in patients with LSS: a reduction in leg
pain will lead to increasing control over pain, which
will in turn lead to improved subjective disability. In
other words, it is important to assess and increase
control over pain after surgery.

Study limitations

There are three major limitations in the present
study. First, the sample size was small, and the study
was conducted in a single center. Therefore, supple-
mentary examinations using other samples and set-
tings are needed. Second, pain was assumed to be an
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independent variable and psychological status and
subjective disability to be dependent variables based
on the transactional model of stress.” A cross-
sectional study cannot refer causality in a strict
sense; thus, it cannot be excluded that psychological
declines may have exacerbated the patients’ pain.
Previous studies have found that pain, depressive
feelings, and subjective disability were improved by
back surgery in patients with LSS.*** When a back
surgery is performed to decrease pain but depressive
feelings are not taken into account, it is reasonable to
assume that the patient’s improvement in depressive
feelings was induced by an improvement in pain, at
least in the early postoperative phase. Third, the use
of only control over pain was not adequate to assess
pain-related thoughts. It has been discussed that
hope for relief from pain,” self-efficacy,** and a sense
of coherence® are cognitive factors associated with
pain.
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