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Objectives: This study aimed to investigate the moderating role of
pain self-efficacy (SE) in the association of multiple psychosocial
factors with the health-related quality of life (HRQOL) of patients
scheduled for lumbar spine surgery.

Methods: This cross-sectional study analyzed 258 patients scheduled
for lumbar spine surgery. Data were collected preoperatively using
validated tools to measure HRQOL, pain , pain intensity, anxiety
and depression, fear of movement, pain catastrophizing, and central
sensitization symptoms. Hierarchical multiple regression analysis
and simple slope tests were performed to assess the associations of
psychosocial factors with HRQOL and the moderating effects of
pain SE on these relationships.

Results: The final model explained 43.8% of the HRQOL variance.
Significant interactions were noted between pain SE and pain
intensity (P< 0.01), anxiety (P< 0.01), fear of movement (P< 0.05),
and pain catastrophizing (P< 0.01). The negative associations of
these psychological factors with HRQOL were significant only in
the low pain self-efficacy group, whereas these associations were
attenuated to nonsignificant levels in the high pain SE group.

Discussion: In this cross-sectional study, different associations
between psychosocial factors and HRQOL were observed based on
pain SE levels in patients awaiting lumbar spine surgery. This
finding suggests that pain SE assessment may help identify high-risk
patients who need additional preoperative psychological support.
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O ver the past 2 decades, the number of lumbar spine
surgeries has increased worldwide, including in the

United States and Japan.1,2 Although surgery is often
effective, 20% to 40% of patients still experience persistent
pain and reduced health-related quality of life (HRQOL)
postoperatively.3 Psychosocial factors, such as anxiety,

depression, pain catastrophizing, and fear of movement,
have received increased attention as potential determinants
of this variability in postoperative outcomes.4–7 These fac-
tors are explained within the fear-avoidance model, which
describes a maladaptive cycle that increases pain-related
fear and avoidance behaviors, ultimately leading to func-
tional disability and reduced HRQOL.8

Prehabilitation programs have been developed to
address these psychosocial factors preoperatively. However,
a recent systematic review by Janssen et al9 found that
cognitive-behavioral therapy interventions provide no addi-
tional benefit over usual care, although the evidence level
was low. One possible explanation for this limited effective-
ness is the insufficient consideration of individual differences
in psychological responses.10 Enhancing intervention effi-
cacy depends on identifying which specific patient sub-
groups might benefit from targeted psychological support
and which protective mechanisms represent modifiable
therapeutic targets.11 Understanding how these protective
resources moderate the impact of risk factors at baseline
provides the theoretical foundation necessary to develop
such tailored preoperative approaches.

Pain self-efficacy (SE)—confidence in one’s ability to
perform activities despite pain—has emerged as a poten-
tially important protective factor in chronic pain
management.12–14 Studies in nonsurgical cases have shown
that higher SE levels may buffer the negative effects of
catastrophic thinking and fear-avoidance behaviors on pain
chronification and functional decline.15–18 However, pre-
vious research has typically examined the moderating effect
of pain SE on individual psychological factors in isolation.
This methodological approach is limited because psycho-
logical risk factors rarely exist independently but rather
coexist within the fear-avoidance model, potentially creating
a cumulative psychological burden that influences outcomes
more strongly than any single factor in isolation.19,20
Furthermore, these potential protective relationships
have yet to be investigated within the unique clinical
context of patients scheduled for lumbar spine surgery, a
population with distinct treatment expectations and clinical
characteristics.

Therefore, this study aimed to investigate the moderat-
ing role of pain self-efficacy in the relationships between
multiple psychological factors and HRQOL among patients
scheduled for lumbar spine surgery. Based on previous
findings in nonsurgical populations, we hypothesized that
higher pain self-efficacy levels would attenuate the negative
effects of psychological factors on HRQOL. By identifying
these moderating relationships at baseline, this cross-
sectional study provides valuable insights for preoperative
risk assessment and establishes a crucial foundation forDOI: 10.1097/AJP.0000000000001285

Received for publication January 14, 2025; revised March 3,
2025; accepted March 11, 2025.

From the *Department of Rehabilitation, Sapporo Maruyama Orthopedic
Hospital, Sapporo; †Insight Lab, PREVENT Inc., Nagoya; and
‡Department of Orthopedic, Sapporo Maruyama Orthopedic Hospital,
Sapporo, Japan.

The authors declare no conflict of interest.
Reprints: Yu Kondo, Department of Rehabilitation, Sapporo Mar-

uyama Orthopedic Hospital, N7 W 27 Chuo, Sapporo, Hokkaido
060-0007, Japan (e-mail: y.kondo.reha@gmail.com).

Supplemental Digital Content is available for this article. Direct URL
citations are provided in the HTML and PDF versions of this article
on the journal’s website, www.clinicalpain.com.

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.

ORIGINAL ARTICLE

Clin J Pain � Volume 41, Number 6, June 2025 www.clinicalpain.com | 1

Copyright r 2025 Wolters Kluwer Health, Inc. All rights reserved.

mailto:y.kondo.reha@gmail.com
http://www.clinicalpain.com


determining which protective mechanisms effectively miti-
gate psychological risk factors. This understanding will
guide the selection of potential intervention targets before
investing resources in longitudinal research.

MATERIALS AND METHODS

Study Design and Ethical Considerations
This was a cross-sectional study conducted to examine

the associations between psychosocial factors and HRQOL,
and to investigate the moderating effects of pain SE in
patients scheduled for lumbar spine surgery. All assessments
were completed on the day before surgery. The study
protocol was approved by the Ethics Committee of our
hospital, and the research was conducted in accordance with
the Declaration of Helsinki. Written informed consent was
obtained from all participants after they received a detailed
explanation of the study procedures.

Sample Size
The sample size was determined using G*Power

version 3.1.21 Based on previous studies on the moderating
effects of pain SE,15,18 a small-to-moderate effect size
(f2= 0.10) was assumed because the interaction effects are
generally more difficult to detect than the main effects. For a
hierarchical multiple regression analysis with 17 independ-
ent variables (main effects and interaction terms), the power
level was set at 0.80 and the alpha level at 0.05, following
the standard recommendations for behavioral research. The
calculation indicated that at least 212 participants would be
required to detect the hypothesized effect. To ensure robust
findings and account for potential dropouts or missing data,
our goal was to recruit at least 250 participants.

Participants
The study enrolled patients with lumbar spinal stenosis

or lumbar disk herniation who were scheduled for spine
fusion surgery or decompression procedures at our institu-
tion between April 2021 and March 2023. Patients were
eligible if they were at least 20 years old and could read and
write Japanese. Exclusion criteria included lumbar vertebrae
fracture or dislocation, spinal tumors, previous lumbar spine
surgery, severe psychiatric disorders such as schizophrenia,
bipolar disorder, or severe depressive disorder requiring
hospitalization or intensive psychiatric care, cognitive
impairments including dementia, and neurological condi-
tions such as multiple sclerosis or cerebrovascular incidents.
Patients with missing questionnaire responses were also
excluded to ensure data integrity. To ensure comprehensive
representation, all patients who met the eligibility criteria
during the study were invited to participate in the study. All
participants received standard preoperative pain manage-
ment at our institution. This typically included NSAIDs,
acetaminophen, and muscle relaxants as needed for pain
control. Pregabalin or gabapentin was prescribed for
patients with neuropathic symptoms, and tramadol was
occasionally used for severe pain.

Measures
The following patient-reported outcome measures were

evaluated on the day before surgery for all participants: (1)
EuroQol 5-dimensions (EQ-5D) for HRQOL, (2) 4-item
pain intensity measure (P4) for pain intensity, (3) shortened
version of the pain SE questionnaire (PSEQ) for pain SEself-
efficacy, (4) Hospital Anxiety and Depression Scale (HADS)

for anxiety and depression, (5) shortened version of the
Tampa Scale for Kinesiophobia (TSK) for fear of move-
ment, (6) shortened version of the pain catastrophizing scale
(PCS) for pain catastrophizing, and (7) shortened version of
the Central Sensitization Inventory (CSI) for central
sensitization (CS)-related symptoms. Age, sex, body mass
index, and diagnosis were extracted from the medical
records.

Health-related Quality of Life
HRQOL was assessed using the Japanese version of the

EQ-5D.22 The EQ-5D consists of 5 dimensions: mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression. Each dimension is rated on a 3-level scale,
reflecting no problems, some problems, or extreme prob-
lems. Scores range from 0 (equivalent to death) to 1 (full
health), with higher scores indicating better health-related
quality of life. The Japanese version of the EQ-5D has
demonstrated strong reliability and validity, with Cronbach
alpha reported at 0.87.22

Pain Intensity
Pain intensity was assessed using the P4 pain scale.23

The P4 consists of 4 items that assess pain intensity in the
morning, afternoon, evening, and with activity over the past
2 days. Each item is rated on an 11-point numeric rating
scale from 0 (no pain) to 10 (pain as bad as it can be). Total
scores range from 0 to 40, with higher scores indicating
greater pain intensity. The P4 was selected because it
provides comprehensive pain intensity assessment while
maintaining brevity, allowing us to minimize participant
burden within our extensive psychosocial assessment bat-
tery. The P4 has demonstrated good internal consistency
(Cronbach alpha= 0.90) and test-retest reliability (ICC=
0.78), with superior reliability and greater sensitivity to
change compared with single-item Numeric Pain Rating
Scales.23

Pain Self-Efficacy
Pain SEy was assessed using the 2-item shortened

Japanese version of the PSEQ.24 Each item is rated on a 7-
point scale from 0 (not at all confident) to 6 (completely
confident), yielding a total score ranging from 0 to 12.
Higher total scores indicate greater degrees of pain self-
efficacy in functioning despite pain. Previous research has
shown good internal consistency for the shortened Japanese
version of the PSEQ (Cronbach alpha= 0.81).24

Anxiety and Depression
Anxiety and depressive symptoms were evaluated using

the Japanese version of the (HADS).25 The HADS consists
of 2 subscales: anxiety (HADS-A) and depression (HADS-
D), each containing 7 items. Each item is rated on a 4-point
scale from 0 to 3, yielding total scores ranging from 0 to 21
for each subscale. Higher scores indicate greater severity of
anxiety or depressive symptoms. The 2-factor structure of
the Japanese version of the HADS has been confirmed,
with good internal consistency for both the anxiety
(Cronbach alpha= 0.81) and depression subscales (Cron-
bach alpha= 0.76).25

Fear of Movement
Fear of movement was measured using the 11-item

shortened Japanese version of the TSK.26 Each item is rated
on a scale from 1 (strongly disagree) to 4 (strongly agree),
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with total scores ranging from 11 to 44. Higher total scores
reflect greater fear of movement. The shortened Japanese
version of the TSK has demonstrated established reliability
with excellent internal consistency (Cronbach alpha= 0.919)
in previous research.26

Pain Catastrophizing
Pain catastrophizing was assessed using the 6-item

shortened Japanese version of the PCS.27 Each item is rated
on a scale from 0 (not at all) to 4 (all the time), yielding a
total score ranging from 0 to 24. Higher total scores indicate
greater degrees of pain catastrophizing. Previous research
has demonstrated satisfactory reliability and internal con-
sistency for the shortened Japanese version of the PCS
(Cronbach alpha= 0.90).27

Central Sensitization-related Symptoms
In this study, the shortened Japanese version of the

CSI28 was used as a supplementary psychological measure.
Although this scale was originally developed to assess CS-
related symptoms, recent meta-analytic evidence29 indicates
that it primarily captures psychological constructs rather
than directly measuring neurophysiological sensitization
mechanisms. The shortened Japanese version of the CSI
consists of 5 domains: (1) emotional distress, (2) urological
and general symptoms, (3) muscle symptoms, (4) headache
and jaw symptoms, and (5) sleep disturbance.28 The
shortened version comprises 9 items, each rated on a scale
from 0 (none) to 4 (always), yielding a total score ranging
from 0 to 36. A greater total score signifies increased severity
of CS-related symptoms. Previous research has demon-
strated robust internal consistency for this shortened version
(Cronbach alpha= 0.80).28

Statistical Analyses
All statistical analyses were performed using HAD

version 18,30 a psychostatistical analysis application operat-
ing on Microsoft Excel. Descriptive statistics were calcu-
lated for participant characteristics, with continuous data
expressed as means (SD) and categorical data as counts
(percentages). To evaluate the potential multicollinearity
among the variables included in the regression models, a
correlation analysis was performed, and the variance
inflation factors (VIF) were calculated. Correlations with
values higher than r= 0.70 were indicative of potential
multicollinearity, and VIF values > 5 were deemed prob-
lematic. To further mitigate multicollinearity, all explan-
atory variables were centered before the analysis. Hierarch-
ical multiple regression analyses were performed to examine
both the direct associations between psychosocial factors
and HRQOL and the potential moderating effects of pain
SE on these relationships. This hierarchical approach
incorporates interaction terms and is widely recognized as
a robust method for examining moderating effects in health
research.31–33 Analyses were performed using complete-case
data, including only participants with no missing values on
variables included in the final regression models. The
dependent variable was HRQOL measured by the EQ-5D.
First, demographic variables (age, sex, BMI, and diagnosis)
and pain intensity (P4) were entered as covariates. Second,
anxiety (HADS-A), depression (HADS-D), fear of move-
ment (TSK), PCS, and CS-related symptoms (CSI) were
incorporated to evaluate their unique associations with
HRQOL. Third, pain SE (PSEQ) and its interaction terms
with P4, HADS-A, HADS-D, TSK, PCS, and CSI were

included to investigate the moderating role of pain SE. For
significant interactions, simple slope analyses were per-
formed to examine the moderating effects more specifically.
Following the established methodology for moderation
analysis,31 the conditional associations between psycholog-
ical factors and HRQOL were calculated at low (–1 SD) and
high (+1 SD) pain SE levels. Significance was set at P< 0.05
for all analyses.

RESULTS

Participant Characteristics
Overall, 290 participants met the eligibility criteria, of

whom 258 were included in the final analysis after excluding
32 participants (12 for missing data and 20 for other
reasons; Fig. 1). A comparison of basic demographic
characteristics (age, sex, and diagnosis) between the 12
participants excluded due to missing data and the 258
included participants revealed no significant differences
(P > 0.05 for all comparisons). The study population
comprised 111 females (43.0%) and 147 males (57.0%).
Participants had a mean (SD) age of 62.85 (14.91) years and
a mean (SD) body mass index of 24.14 (4.50) kg/m². Most
participants were diagnosed with lumbar spinal stenosis
(n= 216, 83.7%), and the remaining participants had lumbar
disk herniation (n= 42, 16.3%). The baseline characteristics
of the study population are detailed in Table 1.

Hierarchical Multiple Regression Analysis
A correlation analysis among the independent varia-

bles revealed low to moderate correlations, ranging from
r= 0.10 to 0.65, with no correlations exceeding the threshold
of r= 0.70 (Appendix 1, Supplemental Digital Content 1,
http://links.lww.com/CJP/B195). The VIF values ranged
from 1.0 to 3.3, confirming the absence of significant
multicollinearity. These findings ensure that the regression
coefficients in the hierarchical multiple regression model can
be estimated without the influence of multicollinearity.
Table 2 presents the results of the hierarchical multiple
regression analysis of the associations of psychosocial
factors with HRQOL and the moderating effects of pain
SE. In step 1, demographic variables and pain intensity
were incorporated as independent variables. These variables
accounted for 20.5% of the HRQOL variance (ΔR² = 0.205,
P< 0.01). Among these, pain intensity (B=−0.006 [95% CI:
−0.009 to −0.005], P < 0.01) demonstrated a significant
association. In step 2, the psychosocial factors were included
as independent variables. The inclusion of these variables
contributed an additional 16.8% to the HRQOL variance

FIGURE 1. Flow diagram of participant selection.
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(ΔR² = 0.168, P< 0.01). Significant associations were
observed for pain SE (B= 0.015 [95% CI: 0.010-0.021],
P< 0.01), fear of movement (B=−0.006 [95% CI: −0.009 to
−0.002], P< 0.01), and pain catastrophizing (B=−0.005
[95% CI: −0.008 to −0.001], P< 0.01). In step 3, interaction

terms between pain self-efficacy and other variables were
introduced, accounting for an additional 6.5% of HRQOL
variance (ΔR² = 0.065, P< 0.01). Significant associations
were found for pain intensity (B=−0.006 [95% CI: −0.007
to −0.004], P < 0.01), pain self-efficacy (B= 0.016 [95% CI:
0.010-0.021], P < 0.01), fear of movement (B=−0.006 [95%
CI: −0.010 to −0.003], P < 0.01), and pain catastrophizing
(B=−0.004 [95% CI: −0.007 to −0.001], P< 0.05). In
addition, significant interaction effects were observed
between pain self-efficacy and pain intensity (B= 0.001
[95% CI: 0.000-0.001], P< 0.01), anxiety (B= 0.004 [95%
CI: 0.002-0.006], P< 0.01), fear of movement (B= 0.001
[95% CI: 0.000-0.002], P < 0.05), and pain catastrophizing
(B= 0.002 [95% CI: 0.001-0.003], P< 0.01). This final model
explained 43.8% of the HRQOL variance.

Simple Slope Tests
Simple slope tests were performed to examine the

moderating effect of pain SE on the relationship between
psychosocial factors and HRQOL, focusing on factors that
exhibited significant interaction effects on the hierarchical
multiple regression analysis. These analyses aimed to
identify whether the strength of these associations differed
between participants with low pain SE (PSEQ-1 SD) and
high pain SE (PSEQ +1 SD). Table 3 presents the detailed
results of the simple slope test, showing the EQ-5D scores
and regression coefficients for each psychosocial factor
stratified by pain SE levels. Figures 2–5 illustrate the
interaction effects for pain intensity, anxiety, fear of
movement, and pain catastrophizing, respectively. For pain
intensity, the negative association with HRQOL was
stronger in the low pain self-efficacy group (B=−0.008
[95% CI: −0.010 to −0.006], P< 0.001) than in the high pain
self-efficacy group (B=−0.004 [95% CI: −0.006 to −0.002],
P = 0.001). For anxiety, the negative association with
HRQOL was significant in the low pain SE group
(B=−0.012 [95% CI: −0.020 to −0.005], P = 0.002),
whereas the association was weaker and not significant in
the high pain SE group (B= 0.008 [95% CI: −0.001 to
0.016], P = 0.068). For fear of movement, the negative
association with HRQOL was significant in the low pain SE
group (B=−0.010 [95% CI: −0.015 to −0.005], P < 0.001),
whereas the association was weaker and not significant in
the high pain SE group (B=−0.003 [95% CI: −0.007 to
0.002], P = 0.204). Lastly, for pain catastrophizing, the
negative association with HRQOL was significant in the low
pain SE group (B=−0.008 [95% CI: −0.012 to −0.04],
P < 0.001); however, the association was attenuated and not
significant in the high pain SE group (B=−0.001 [95% CI:
−0.006 to 0.004], P = 0.714).

DISCUSSION
This cross-sectional study found that the associations

between multiple psychosocial factors and HRQOLs
differed based on pain SE levels in patients scheduled for
lumbar spine surgery. Specifically, higher pain self-efficacy
levels showed a direct positive association with HRQOL
and were associated with weaker negative relationships
between of pain intensity, anxiety, fear of movement, and
pain catastrophizing with HRQOL. These findings suggests
that among preoperative patients with spinal disorders,
higher pain SE is associated with a more favorable
psychosocial profile—a novel observation in this surgical
population.

TABLE 2. Hierarchical Multiple Regression Analysis Examining
Associations Between Psychosocial Factors and Health-related
Quality of Life (n=258)

Step 1 (B) Step 2 (B) Step 3 (B)

Age −0.001 0.000 0.000
Sex −0.017 −0.019 −0.013
BMI 0.000 0.001 0.001
Diagnosis 0.000 0.001 0.001
P4 −0.006** −0.006** −0.006**
PSEQ 0.015** 0.016**
HADS-A −0.003 −0.002
HADS-D −0.006 −0.004
TSK −0.006** −0.006**
PCS −0.005** −0.004*
CSI 0.002 0.002
P4*PSEQ 0.001**
HADS-A*PSEQ 0.004**
HADS-D*PSEQ −0.001
TSK*PSEQ 0.001*
PCS*PSEQ 0.002**
CSI*PSEQ −0.001
R2 0.205** 0.373** 0.438**
ΔR2 0.205 0.168 0.065

*P< 0.05.
**P< 0.01.
BMI indicates body mass index; CSI, Central Sensitization Inventory;

EQ-5D, EuroQol 5-dimensions; HADS-A, Hospital Anxiety and Depression
Scale for Anxiety; HADS-D, Hospital Anxiety and Depression Scale for
Depression; P4, 4-item pain intensity measure; PCS, Pain Catastrophizing
Scale; PSEQ, Pain Self-Efficacy Questionnaire; TSK, Tampa Scale for
Kinesiophobia.

TABLE 1. Characteristics of the Study Population (n=258)

Variable

Age (y), mean (SD) 62.85 (14.91)
Sex (n of female, %) 111 (43.0)
BMI, mean (SD) 24.14 (4.50)
Diagnosis, n (%)
Lumbar spinal stenosis 216 (83.70)
Lumbar disk herniation 42 (16.30)

Scheduled surgical procedure, n (%)
TLIF 140 (54.3)
XLIF 40 (15.5)
Laminoplasty 46 (17.8)
MD 32 (12.4)

EQ-5D (0–1), mean (SD) 0.57 (0.15)
P4 (0–40), mean (SD) 20.46 (10.00)
PSEQ (0–12), mean (SD) 6.67 (6.67)
HADS-A (0–21), mean (SD) 5.85 (3.61)
HADS-D (0–21), mean (SD) 5.78 (3.56)
TSK (11–44), mean (SD) 27.10 (5.33)
PCS (0–24), mean (SD) 14.75 (5.80)
CSI (0–36), mean (SD) 12.55 (6.20)

BMI indicates body mass index; CSI, Central Sensitization Inventory;
EQ-5D, EuroQol 5-dimensions; HADS-A, Hospital Anxiety and Depression
Scale for Anxiety; HADS-D, Hospital Anxiety and Depression Scale for
Depression; MD, microendoscopic discectomy; P4, 4-item pain intensity
measure; PCS, Pain Catastrophizing Scale; PSEQ, PainSself-Efficacy Ques-
tionnaire; TLIF, Transforaminal Lumbar Interbody Fusion; TSK, Tampa
Scale for Kinesiophobia; XLIF, extreme lateral interbody fusion.
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Our findings contribute to understanding the fear-
avoidance model in spinal patients by highlighting pain SE
as a potential moderating factor in the psychological
mechanisms. The traditional fear-avoidance framework8
describes a progression where pain catastrophizing leads to
fear, which in turn promotes avoidance behaviors and
ultimately functional decline, but does not fully address the
observed variability in outcomes among patients with
similar catastrophizing thoughts and fear-avoidance beliefs.
Our results show that psychological factors such as pain
catastrophizing and fear of movement are associated differ-
ently with HRQOL depending on pain SE levels: stronger
negative associations appear in patients with low pain self-
efficacy, while these associations are weaker in those with
high self-efficacy. These observations suggests that the fear-
avoidance model might be better considered as a conditional
process rather than a universal pathway—a perspective that
aligns with previous cross-sectional findings in chronic pain
populations.18,34 Examining these relationships in surgical
candidates adds important context for understanding how
fear-avoidance processes may operate differently in this
specific clinical population.

Notably, this study revealed the differences in associ-
ations based on pain self-efficacy levels across multiple
psychological domains, including pain intensity, pain
catastrophizing, fear of movement, and anxiety. The
addition of interaction terms to our model yielded a
significant increase in the explained variance (ΔR² = 0.065,
P< 0.01), which exceeds the threshold of ΔR² > 0.02–0.03
proposed by Zhonglin and Baojuan35 as meaningful for
moderation effects in behavioral research, highlighting both
its significance and practical relevance. While previous
research has typically examined the moderating effect of
pain SE on individual psychological factors in isolation, our
study adopted a more comprehensive approach by con-
currently analyzing pain SE’s moderating effects across
multiple psychological variables within the fear-avoidance
model. This approach offers a more integrative under-
standing of how protective factors function within the
complex psychological processes that patients experience,
thereby extending beyond the conventional approach of
previous studies that focused solely on individual variables.

The findings of this study have important implications
for clinical practice, particularly in preoperative risk

TABLE 3. Simple Slope Analysis Examining the Relationship Between Psychosocial Factors and Health-related Quality of life Stratified by
Pain Self-efficacy levels (n=258)

Factor PSEQ level EQ-5D Score at low factor level (-1 SD) EQ-5D Score at high factor level (+1 SD) B P

P4 Low (−1 SD) 0.617 0.461 −0.008 < 0.001
High (+1 SD) 0.665 0.587 −0.004 0.001

HADS-A Low (−1 SD) 0.584 0.494 −0.012 0.002
High (+1 SD) 0.598 0.654 0.008 0.068

TSK Low (−1 SD) 0.591 0.487 −0.01 < 0.001
High (+1 SD) 0.641 0.611 −0.003 0.204

PCS Low (−1 SD) 0.587 0.491 −0.008 < 0.001
High (+1 SD) 0.621 0.631 −0.001 0.714

EQ-5D indicates EuroQol 5-dimensions; HADS-A, Hospital Anxiety and Depression Scale for Anxiety; P4, 4-item pain intensity measure; PCS, Pain
Catastrophizing Scale; PSEQ, Pain SelfEfficacy Questionnaire; TSK, Tampa Scale for Kinesiophobia.

FIGURE 2. Interaction graph illustrating the relationship between
pain intensity (P4) and health-related quality of life (EQ-5D) for
individuals with low and high pain self-efficacy. The x-axis
represents P4 scores at ±1 SD, with higher values (+1 SD)
indicating greater pain intensity. The y-axis represents EQ-5D
scores, with higher values reflecting better quality of life. The
steeper slope for the low pain self-efficacy group (PSEQ −1 SD,
B=−0.008, P<0.001) indicates a stronger negative association
between P4 and EQ-5D compared with the high pain self-efficacy
group (PSEQ +1 SD, B=−0.004, P=0.001). EQ-5D, EuroQol 5-
dimensions; P4, 4-item pain intensity measure; PSEQ, Pain self-
efficacy questionnaire.

FIGURE 3. Interaction graph illustrating the relationship between
anxiety (HADS-A) and health-related quality of life (EQ-5D) for
individuals with low and high pain self-efficacy. The x-axis
represents HADS-A scores at ±1 SD, with higher values (+1 SD)
indicating greater levels of anxiety. The y-axis represents EQ-5D
scores, with higher values reflecting better quality of life. The
steeper slope for the low pain self-efficacy group (PSEQ −1 SD,
B=−0.012, P=0.002) indicates a stronger negative association
between HADS-A and EQ-5D compared with the high pain self-
efficacy group (PSEQ +1 SD, B=0.008, P=0.068). EQ-5D,
EuroQol 5-dimensions; HADS-A, Hospital Anxiety and Depression
Scale for Anxiety; PSEQ, Pain Self-Efficacy Questionnaire.
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stratification and intervention planning in lumbar spine
surgery. Although a study showed that patients with high
psychological risk factors often benefit from prehabilitation
programs,11 the present study suggests a more targeted
approach based on pain SE assessment. To identify those
most likely to benefit from intensive psychological support,
patients should be screened for both pain SE and
psychological risk factors. Specifically, the combination of
low pain SE and high psychological distress levels may
help identify patients requiring more comprehensive

intervention. Moreover, addressing pain SE might be
considered in treatment approaches in preoperative inter-
ventions, potentially offering a more efficient approach to
addressing multiple psychological risk factors simultane-
ously. Recent evidence supports several effective strategies
to enhance pain SE, including exercise interventions, pain
neuroscience education, cognitive- behavioral techniques,
multicomponent interventions combining physical and
psychological approaches, and digital self-management
tools.36–38 These evidence-based strategies could be incor-
porated into preoperative programs and tailored to individ-
ual patient needs. Future randomized controlled trials are
warranted to evaluate whether stratified preoperative
interventions based on pain SE levels can effectively prevent
poor surgical outcomes and reduce the risk of the develop-
ment of chronic postoperative pain.

Several limitations should be considered when inter-
preting the results of this study. First, the cross-sectional
design precludes definitive causal inferences about the
relationships among pain SE, psychological factors, and
HRQOL. However, this design was appropriate for our
initial investigation of potential protective mechanisms in
the preoperative period because it allowed for the examina-
tion of complex moderation effects across multiple psycho-
logical domains in a well-defined clinical population.
Moreover, the results align with theoretical frameworks
and results of previous longitudinal studies in populations
with chronic pain,12,39 providing a foundation for future
intervention studies. Second, the 2-item version of the PSEQ
was used rather than the original 10-item version. Although
the 2-item version has demonstrated acceptable internal
consistency (Cronbach α= 0.81),24 it may not sufficiently
capture the multidimensional nature of pain self-efficacy.
Consequently, this limitation could influence the robustness
of the observed interaction effects, particularly if the
important self-efficacy dimensions were not fully assessed.
Third, participants were recruited from a single institution,
potentially limiting the generalizability of the results.
Therefore, further longitudinal studies across multiple
centers are needed to validate these relationships and
examine how pain self-efficacy influences surgical outcomes
over time.

CONCLUSIONS
This cross-sectional study found that the associations

between multiple psychosocial factors and HRQOLs
differed based on pain SE levels in patients scheduled for
lumbar spine surgery. Higher pain SE levels were associated
with weaker negative relationships between pain intensity,
anxiety, fear of movement, and pain catastrophizing with
HRQOL. These patterns indicate that the role of pain SE in
preoperative assessment warrants further investigation in
comprehensive treatment approaches, though the cross-
sectional nature of our study prevents us from establishing
causality or treatment efficacy. Future prospective studies
and randomized controlled trials should examine whether
interventions targeting pain SE can effectively improve
surgical outcomes, particularly for patients identified with
the combination of low pain SE and high psychosocial risk
factors. These findings provide a rationale for future studies
investigating whether interventions targeting pain SE might
improve surgical outcomes.

FIGURE 4. Interaction graph illustrating the relationship between
kinesiophobia (TSK) and Health-Related Quality Of Life (EQ-5D)
for individuals with low and high pain self-efficacy. The x-axis
represents TSK scores at ±1 SD, with higher values (+1 SD)
indicating greater levels of kinesiophobia. The y-axis represents
EQ-5D scores, with higher values reflecting better quality of life.
The steeper slope for the low pain self-efficacy group (PSEQ −1
SD, B=−0.010, P<0.001) indicates a stronger negative
association between TSK and EQ-5D compared with the high
pain self-efficacy group (PSEQ +1 SD, B=−0.003, P=0.204). EQ-
5D indicates EuroQol 5-dimensions; TSK, Tampa Scale for
Kinesiophobia; PSEQ, Pain Self-Efficacy Questionnaire.

FIGURE 5. Interaction graph illustrating the relationship between
catastrophizing (PCS) and health-related quality of life (EQ-5D)
for individuals with low and high pain self-efficacy. The x-axis
represents PCS scores at ±1 SD, with higher values (+1 SD)
indicating greater levels of catastrophizing. The y-axis represents
EQ-5D scores, with higher values reflecting better quality of life.
The steeper slope for the low pain self-efficacy group (PSEQ −1
SD, B=−0.008, P<0.001) indicates a stronger negative
association between PCS and EQ-5D compared with the high
pain self-efficacy group (PSEQ +1 SD, B=−0.001, P=0.714). EQ-
5D, EuroQol 5-dimensions; PCS, Pain Catastrophizing Scale;
PSEQ, Pain Self-Efficacy Questionnaire.
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