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Abstract
Purpose  To evaluate longitudinal changes in pain catastrophizing following spinal cord stimulation (SCS) and to determine 
whether baseline pain catastrophizing was associated with patient-reported outcomes over two years after implantation.
Methods  A retrospective cohort study using prospectively collected data from 58 patients undergoing SCS implantation. Pain 
catastrophizing was assessed using the Pain Catastrophizing Scale (PCS), and pain intensity and multidimensional health 
outcomes were assessed using the Numeric Rating Scale (NRS) and PROMIS-29, respectively. The primary outcome was 
change in PCS from baseline. Analyses of PCS were restricted to patients with available baseline PCS data (n = 38). PCS was 
assessed at baseline and at 3, 6, 12, and 24 months after SCS implantation. Changes from baseline were evaluated using paired 
t-tests. Associations between baseline PCS and post-implant outcomes were assessed using Spearmans rank correlation.
Results  Among the 38 patients with baseline PCS data, mean PCS scores decreased from 24 ± 12 at baseline to 14.0 ± 11 at 
24 months (p < 0.001), with reductions across all three PCS subgroups. Physical function, pain interference, pain intensity, 
fatigue, anxiety, depression, and participation in social roles also improved significantly during follow-up, whereas sleep 
disturbance showed no significant change. Baseline PCS was not correlated with most post-implant PROMIS-29 domains.
Conclusion  PCS decreased substantially and persistently following SCS implantation among patients with available baseline 
PCS data. Baseline PCS was not significantly associated with subsequent pain response or most patient-reported outcomes. 
PCS may represent a dynamic outcome measure that complements conventional pain-intensity assessment.
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Introduction

Chronic pain is one of the most challenging conditions to 
manage in clinical practice, since it often resists conven-
tional therapies and severely impacts quality of life [1, 9]. 
Spinal cord stimulation (SCS) is a recognized therapy for 
selected patients with refractory neuropathic pain, and 
certain other chronic pain conditions, including complex 
regional pain syndrome and persistent radicular pain [6, 
16, 18]. Its efficacy varies according to the underlying pain 

mechanism and clinical condition. SCS is believed to modu-
late ascending pain signals to the brain by delivering electri-
cal impulses to the dorsal columns of the spinal cord.

Evidence regarding the durability of spinal cord stimu-
lation has expanded considerably. Randomized trials and 
long-term follow-up studies derived from randomized 
cohorts have reported outcomes extending to 24–36 months 
across different chronic pain indications and stimulation 
paradigms, while randomized follow-up data extending to 
five years are available for complex regional pain syndrome 
type I [15, 16, 21]. Although these studies establish a grow-
ing long-term evidence base for SCS, the magnitude and 
durability of treatment benefit remain heterogeneous, and 
robust predictors of outcome remain elusive. Moreover, 
long-term studies have primarily emphasized pain inten-
sity, disability, health-related quality of life, and device-
related outcomes. The longitudinal course of pain catastro-
phizing and its relationship to multidimensional physical, 
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emotional, and social outcomes after SCS remain less well 
characterized [1, 2, 12, 16, 18, 22].

According to the International Association for the Study 
of Pain, pain is both a sensory and an emotional experience, 
emphasizing the importance of psychosocial factors in how 
persistent pain is perceived and managed [3, 5, 26]. Pain cata-
strophizing is defined as a pattern of negative cognitive and 
emotional responses to actual and anticipated pain [25, 36]. 
Although both the Numeric Rating Scale (NRS) and Visual 
Analogue Scale (VAS) are widely used and validated meas-
ures of pain intensity, a growing body of evidence indicates 
that catastrophizing has been associated with both short- and 
long-term treatment results [29, 33, 36]. Moreover, recent 
studies suggest that the Pain Catastrophizing Scale (PCS) is 
most useful when monitored longitudinally after an interven-
tion, capturing dynamic shifts in cognitive-emotional coping 
rather than being relied upon solely as a static pre-treatment 
predictor [11, 31].

Pain catastrophizing merits closer investigation in the 
context of SCS. If catastrophizing indeed amplifies the 
negative impact of pain, individuals with higher preopera-
tive scores might be at higher risk of poorer coping and 
less overall improvement. Conversely, patients who achieve 
meaningful pain relief through SCS may also show a meas-
urable reduction in catastrophizing. Measuring pain cata-
strophizing both before and after SCS could therefore offer 
a more nuanced understanding of patient outcomes than 
relying solely on pain intensity. Given the multifactorial 
nature of chronic pain, this approach could help refine the 
assessment of pain therapies and enhance individualized 
treatment plans.

The primary aim of this study was to determine changes 
in pain catastrophizing following SCS, potentially capturing 
aspects of emotional distress and functional status not fully 
reflected in the Numeric Rating Scale.

The secondary aim was to evaluate long-term clinical out-
comes after SCS implantation and to examine whether base-
line pain catastrophizing was associated with post-implant 
outcomes in patients undergoing spinal cord stimulation.

Methods

Study design and setting

We performed a retrospective cohort study using prospec-
tively collected data from patients who underwent spinal 
cord stimulation (SCS) implantation between 2021 and 2025 
at the Neurosurgical Department of the University Hospital 
of Northern Sweden. Eligible participants were ≥ 18 years 

old and had either chronic neuropathic pain in the upper or 
lower extremities, chronic low back pain meeting the criteria 
for Persistent Spinal Pain Syndrome (PSPS) type I or II, or 
complex regional pain syndrome (CRPS) type I or II.

Surgical procedure

SCS implantation was carried out in two stages.

1.	 Stage 1 – Trial lead placement

Percutaneous Octrode™ leads (Abbott Laboratories) were 
inserted under fluoroscopic guidance.

2.	 Stage 2 – Pulse generator implantation or lead explantation

After a 7- day trial, patients with ≥ 50% reduction in pain 
intensity were classified as responders and received a perma-
nent Proclaim™ implantable pulse generator (IPG; Abbott 
Laboratories). Non-responders had their trial leads removed 
and were excluded from the study.

During the trial period, patients completed daily digital 
questionnaires rating pain intensity, mood, activities of daily 
living, social participation, and sleep. Improvements in any of 
these domains were noted as additional indicators of a positive 
response.

All permanently implanted systems were programmed 
to deliver passive-recharge burst spinal cord stimulation 
(BurstDR™, Abbott Laboratories, Plano, TX, USA). For 
each patient, the individual perception threshold was deter-
mined as the lowest amplitude at which stimulation was 
perceived.

The therapeutic amplitude was individualized but did 
not exceed 60% of the measured perception threshold. This 
upper limit was consistent with a published passive-recharge 
burst programming protocol [8]. Lower burst amplitudes 
have also been associated with lower pain-intensity and 
pain-catastrophizing scores [20].

Two specialized neuromodulation nurses with extensive 
SCS experience performed all programming and follow-up 
adjustments.

Data collection

Patient- reported outcome measures were collected pro-
spectively and electronically with the Patientkollen™ man-
agement platform, which distributed and stored all digital 
questionnaires across the perioperative and the two-year 
follow-up period after SCS. Data were collected at baseline 
and at follow-up intervals of 3, 6, 12, and 24 months post-SCS 
implantation.
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Outcome measures

Primary outcome: pain catastrophizing scale

The primary outcome measure was pain catastrophizing, 
assessed using the Pain Catastrophizing Scale (PCS). The 
PCS is a validated 13-item instrument assessing three dimen-
sions of catastrophizing: rumination, magnification, and help-
lessness [30]. Total scores range from 0 to 52, with higher 
scores indicating greater levels of pain catastrophizing.

For analyses of change in PCS and associations between 
baseline PCS and subsequent outcomes, the analytic popula-
tion was restricted to patients with available baseline PCS 
measurements. Of the 58 patients included in the overall 
cohort, 38 had a baseline PCS measurement and therefore 
constituted the primary PCS analysis population. At the time 
of database lock, 22 of the 38 patients in the baseline-PCS 
cohort had completed the 24-month PCS assessment. Of the 
remaining 16 patients, 10 had not yet reached the 24-month 
follow-up, 4 had reached the scheduled follow-up but did not 
complete the questionnaire, and 2 had discontinued active 
SCS treatment before the 24-month assessment.

Secondary outcomes

Pain intensity was assessed using the Numeric Rating Scale 
(NRS). Changes in NRS pain intensity were used to clas-
sify pain response. A reduction of ≥ 30% from baseline was 
defined as a moderate response and a reduction of ≥ 50% as 
a high response.

Multidimensional patient-reported health outcomes were 
assessed using the PROMIS-29 questionnaire, including 
physical function, anxiety, depression, fatigue, sleep distur-
bance, ability to participate in social roles, pain interference, 
and pain intensity. The PROMIS-29 is a well-established and 
validated instrument for assessing pain-related outcomes and 
has shown robust reliability and validity in the context of 
spine-related disorders [23].

Statistics

Continuous variables are presented as means with standard 
deviations (SD) or medians with interquartile ranges (IQR), 
as appropriate, and categorical variables as frequencies and 
percentages. For analyses involving PCS, patients were cat-
egorized according to baseline PCS score as ≤ 15, 16–24, 
and > 24, corresponding to low, intermediate, and high levels 
of catastrophizing [30].

Changes from baseline in PCS and secondary patient-
reported outcomes were evaluated at 90, 180, 365, and 
730 days using paired t-tests among patients with available 

measurements at both baseline and the respective follow-up 
time point after SCS implantation. Associations between 
baseline PCS and post-implant outcomes were assessed 
using Spearman's rank correlation. Categorical variables, 
including pain responder rates, were compared using the chi-
square test or Fisher's exact test when appropriate. Analysis 
of variance or the Kruskal–Wallis test was used to compare 
continuous variables between baseline PCS groups, accord-
ing to data distribution.

Because follow-up data were not available for all par-
ticipants at all time points, each longitudinal comparison 
was based on patients with both baseline and follow-up 
measurements for the respective outcome. The number 
of patients contributing to each analysis is reported in 
the corresponding tables. Missing observations were not 
imputed.

A two-sided p-value < 0.05 was considered statistically 
significant. All analyses were performed using IBM SPSS 
Statistics for Mac, Version 26.0 (IBM Corp., Armonk, NY, 
USA).

Ethics

Written informed consent was obtained from all partici-
pants. The study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki and was 
approved by the Swedish Ethical Review Authority (Dnr 
2023–01061–01).

Results

Patient demographics

Fifty-eight patients were enrolled (22 men, 36 women) 
with a mean age of 59 (SD 12) years at the time of 
SCS implantation. Apart from age, which was higher 
among men, no baseline sex differences were observed 
in PROMIS-29 domains or PCS (Table 1). Patients were 
stratified into three PCS groups: ≤ 15 (n = 9), 16–24 
(n = 10), and > 24 (n = 19); baseline PCS measurements 
were unavailable in 20 patients (34.5%) because the 
PCS questionnaire was not completed at the preopera-
tive assessment. Across the three groups, baseline values 
were comparable for physical function (p = 0.29), fatigue 
(p = 0.06), sleep disturbance (p = 0.25), ability to partici-
pate in social roles (p = 0.55), pain interference (p = 0.88) 
and NRS pain intensity (p = 0.08). However, anxiety 
(p = 0.002) and depression (p = 0.019) differed signifi-
cantly, with higher median scores in groups with higher 
PCS (Table 2).
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Outcomes after SCS implantation

Longitudinal changes in pain catastrophizing

Pain catastrophizing emerged as a dynamic construct 
that improved significantly following SCS implanta-
tion. At baseline, 9 of 38 patients (24%) had PCS scores 
below 15, consistent with minimal catastrophizing, 
whereas 19 patients (50%) scored above 24, consist-
ent with severe catastrophizing. By 90 days after SCS 
implantation, the proportion of patients with minimal 
catastrophizing had increased: 20 of 35 patients (57%) 
had PCS scores below 15, while only 5 patients (14%) 
had scores above 24. At later follow-ups, the proportion 
of patients with PCS below 15 continued to reflect sus-
tained improvement; 66% at 180 days, 53% at 365 days 
and 40% at 730 days.

The longitudinal improvement was also evident at the 
group level. Among patients with available PCS at both 
baseline and 24 months, mean PCS scores decreased from 
24 ± 12 at baseline to 14 ± 11 at the 24-month follow-up 
(p < 0.001; Fig. 1). All three PCS subscales- helplessness, 
magnification, and rumination showed significant reductions 
(p < 0.01) from baseline, with these improvements main-
tained throughout the two-year observation period (Table 3).

PCS at baseline and outcomes after SCS 
implantation

We examined whether baseline PCS scores were correlated 
with physical function, fatigue, depression, anxiety, sleep 
disturbance, social-role participation, NRS pain intensity, 
or pain interference at each post-implant assessment using 
Spearman’s rank correlation analysis. No significant rela-
tionships emerged at any follow-up point except for depres-
sion at 730 days follow up (p = 0.04) (Table 4). Responder 
rates were similar across the three baseline PCS groups.

Table 1   Baseline characteristics

a Numerical Rating Scale
b Pain Catastrophizing Scale

Baseline characteristics

Men Women P-value

Number of patients (N) 22 36
Age (Mean SD) 64.0 (10.6) 56.6 (11.4) 0.019
Physical function (mean SD) 35.0 (7.1) 33.9 (7.2) 0.67
Anxiety (mean SD) 61.4 (11.1) 59.4 (10.6) 0.58
Depression (mean SD) 57.6 (9.4) 59.7 (8.6) 0.49
Fatigue (mean SD) 59.8 (8.7) 58.8 (8.2) 0.72
Sleep disturbance (mean SD) 57.9 (8.7) 58.3 (8.1) 0.89
Ability to participate in social 

roles (mean SD)
38.3 (6.4) 38.9 (7.5) 0.81

Pain interference (mean SD) 69.7 (6.7) 71.9 (4.9) 0.25
NRSa (mean SD) 7.8 (2.4) 7.9 (1.3) 0.81
PCSb (mean SD) 28.8 (9.2) 21.3 (12.1) 0.06

Table 2   PROMIS-29 in 
relation to group of PCS before 
treatment

a Pain Catastrophizing Scale
b Numerical Rating Scale

aPCS 0–15 aPCS 16–24 aPCS > 24 P-value

Physical function (median IQR) 37.9 (31.9–40.6) 35.0 (30.1–38.0) 30.5 (26.6–39.2) 0.29
Anxiety (median IQR) 53.7 (40.3–60.5) 63.4 (45.8–67.3) 67.3 (61.4–71.2) 0.002
Depression (median IQR) 53.9 (45.0–61.4) 62.3 (50.7–66.6) 63.1 (60.1–65.7) 0.019
Fatigue (median IQR) 55.1 (50.9–61.7) 61.7 (53.5–64.6) 63.7 (58.8–64.6) 0.06
Sleep disturbance (median IQR) 54.3 (47.3–60.9) 59.8 (55.2–62.9) 57.9 (54.3–63.8) 0.25
Ability to participate in social 

roles (median IQR)
38.8 (34.9–46.2) 39.7 (36.5–41.0) 37.3 (35.7–38.8) 0.55

Pain interference (median IQR) 75.6 (65.9–75.6) 75.6 (68.2–75.6) 71.6 (68.0–75.6) 0.88
bNRS (median IQR) 8 (6–8) 9.0 (8–9) 9 (7–9) 0.084

Fig. 1   Longitudinal effects of PCS and PCS subgroups after spinal 
cord stimulation. Mean PCS scores at baseline and at 90, 180, 365, 
and 730  days after SCS implantation. Mean PCS scores decreased 
significantly over the follow-up period (p < 0.001)
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Physical health

Physical function improved significantly following SCS, 
increasing from a mean of 34.2 ± 7.3 at baseline to 39.2 ± 5.4 at 
90 days (p < 0.001), with the improvement maintained through-
out the 24-month follow-up (all p < 0.001). Pain interference 
was also significantly reduced at all post-implant time points, 
from 71.7 ± 5.3 at baseline to 62.5 ± 6.3 at 24 months (all 
p < 0.001). Similarly, pain intensity decreased from 7.9 ± 1.7 
at baseline to 4.9 ± 1.8 at 90 days and remained significantly 
lower throughout follow-up (all p < 0.001). Fatigue did not dif-
fer significantly from baseline at 90, 180, or 365 days, but was 
significantly reduced at 730 days (p = 0.04; Table 5).

Mental health and social function

Anxiety and depression scores decreased significantly fol-
lowing SCS. Anxiety decreased from 60.9 ± 10.2 at base-
line to 55.7 ± 9.1 at 24 months (p = 0.017), while depression 
decreased from 59.7 ± 8.5 to 56.1 ± 8.0 (p = 0.001). Ability to 
participate in social roles improved significantly at all post-
implant assessments, increasing from 38.4 ± 7.3 at baseline to 
41.6 ± 6.2 at 24 months (p = 0.001). No significant changes in 
sleep disturbance were observed during follow-up (Table 5).

Discussion

In this cohort of patients who had achieved a successful SCS 
trial and progressed to permanent implantation, baseline 
PCS was not consistently associated with subsequent post-
implantation outcomes. PCS scores nevertheless decreased 
during follow-up among patients with available data, sug-
gesting that PCS may provide complementary information 
on cognitive-emotional change after implantation.

SCS is an established treatment option for selected 
patients with refractory neuropathic pain and certain other 
pain conditions [1, 7, 13, 14, 32]. The consistent gains across 
multiple PROMIS 29 domains further underscore the mul-
tifaceted nature of chronic pain, which intertwines sensory, 
emotional, and social processes [3, 5, 11]. Particularly note-
worthy were the sustained reductions in depression and anxi-
ety, symptoms strongly linked to pain catastrophizing [19]. 
Because catastrophizing is thought to magnify the perceived 
threat value of pain [25], effective neuromodulation may 
help deprive these negative cognitions of their “emotional 
fuel”, thereby improving psychological wellbeing.

Previous studies have argued that high preoperative cat-
astrophizing is associated with poorer surgical outcomes 
[10, 17, 25, 27, 28, 33, 35, 36]. However, such correlation 
was not evident in the present study. Consistent with earlier 

Table 3   The effect on 
helplessness, magnification 
and rumination after SCS 
implantation

n = number of patients
* p < 0.01

Baseline 90 days 180 days 365 days 730 days

Helplessness, Mean (SD), (n) 10.6 (6.0)
(38)

6.2* (5.1)
(38)

5.1* (5.2)
(33)

6.9* (5.4)
(30)

6.0* (4.9)
(22)

Magnification, Mean (SD) (n) 4.9 (3.5)
(38)

2.1* (2.4)
(36)

2.0* (2.5)
(32)

2.3* (2.6)
(30)

2.4 *(2.5)
(22)

Rumination, Mean (SD) (n) 7.5 (4.4) (38) 4.7 *(3.9) (36) 3.4 *(3.7) (32) 3.6* (3.5)
(30)

4.5 *(3.7)
(22)

Table 4   Spearman’s rank correlation between PCS at baseline and Outcomes after treatment

a Numerical Rating Scale

PCS baseline 90 Days P-value 180 Days P-value 365 Days P-value 730 Days P-value

aNRS- Correlation Coefficient 0.05 0.81 0.13 0.56 0.06 0.79 0.27 0.27
Physical function- Correlation Coefficient −0.01 0.98 0.04 0.87 −0.04 0.87 −0.13 0.58
Anxiety- Correlation Coefficient 0.07 0.74 0.27 0.21 0.27 0.20 0.27 0.20
Depression- Correlation Coefficient 0.20 0.33 0.12 0.58 0.28 0.19 0.46 0.04*
Fatigue- Correlation Coefficient 0.10 0.62 0.28 0.20 0.31 0.15 0.31 0.19
Sleep disturbance- Correlation Coefficient −0.05 0.80 0.16 0.45 −0.10 0.65 0.45 0.06
Ability to participate in social roles- Cor-

relation Coefficient
−0.04 0.85 −0.03 0.89 0.12 0.57 −0.19 0.43

Pain Interference- Correlation Coefficient 0.19 0.35 0.28 0.19 0.08 0.70 −0.02 0.94
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work in heterogeneous pain cohorts, we found no asso-
ciation between preoperative PCS scores and either pain-
intensity responder status or multidimensional PROMIS 
domains up to two years post-implantation except for 
depression at the 2- years evaluation [24, 31]. Our find-
ings support the notion that the PCS behaves as a dynamic 
construct whose trajectory closely shadows the evolving 
pain-suffering loop [31]. PCS fell significantly within two 
years, mirroring sustained reductions in Numeric Rating 
Scale (NRS) pain intensity, pain interference, and nega-
tive affect.

These observations align with the emerging view 
that catastrophizing may primarily reflect the real-time 
activity of the medial pathway (emotional components of 
pain) that transform nociceptive input into suffering [5]. 
Previous work has also shown that pain catastrophizing 
decreases following selective nerve root blockade, sup-
porting the potential responsiveness of PCS to changes 
in pain [31]. Furthermore, emotional domains (anxiety, 
depression) and social participation improved in tandem 
with PCS, not merely with the magnitude of analgesia. 
The sizeable and sustained decline in PCS therefore sug-
gests its responsiveness to SCS-mediated improvements 
in nociceptive input and cognitive–emotional coping. The 
decreases across all subscales (helplessness, magnifica-
tion, rumination) may indicate a broad recalibration of 
pain appraisal rather than selective dampening of one 
catastrophizing facet.

In our dataset, PCS appeared to improve earlier and to a 
larger extent than several PROMIS mental-health domains. 
This could imply that catastrophic thinking may be the first 
psychological target to shift when peripheral pain is effec-
tively modulated. Clinically, a falling PCS trajectory might 
serve as an early surrogate marker of durable benefit long 
before maximal gains in mood, participation, or function 
are realized. These results tentatively support adopting an 
integrated care model combining neuromodulation with tar-
geted psychological support, which may have a potential to 
maximise SCS benefits [4, 7].

Our findings are consistent with the cohort study by 
Poulsen et al., which reported no association between pain 
catastrophizing and SCS outcomes in 259 patients with long-
term follow-up [24]. However, these findings differ from 
multicenter evidence indicating that psychosocial burden, 
including catastrophizing, may negatively influence SCS 
trial outcomes [34]. These differences may reflect differ-
ences in patient selection, treatment stage, outcome meas-
ures, and study design. A key consideration may be how 
catastrophizing evolves in response to treatment. Serial PCS 
monitoring offers an inexpensive, rapid barometer of global 
recovery. A steep early decline signals adaptive cognitive 
reframing and may predict durable benefit. Conversely, per-
sistently elevated PCS scores, despite acceptable NRS pain 
relief, should trigger adjunctive psychological interventions 
such as cognitive-behavioural therapy or mindfulness-based 
stress reduction to reinforce cortical top-down control.

Table 5   Outcomes after SCS implantation in relation to baseline (Paired t-test)

a Numerical Rating Scale

Physical function p-value Anxiety p-value Depression Fatigue p-value
Baseline Mean (SD)
N

34.2 (7.3) (n = 38) Ref 60.9 (10.2) (n = 38) Ref 59.7 (8.5) (n = 36) Ref 59.8 (8.2) (n = 36) Ref

90 days Mean (SD)
N

39.2 (5.4) (n = 38) p < 0.001 56.9 (9.7) (n = 38) p = 0.003 55.4 (8.4) (n = 36) P = 0.004 56.1 (9.9) (n = 36) 0.07

180 days Mean (SD)
N

39.1 (4.9) (n = 34) p < 0.001 55.9 (9.1) (n = 35) p < 0.001 54.7 (8.7) (n = 32) P = 0.001 56.1 (8.4) (n = 33) 0.12

365 days Mean (SD)
N

39.3 (6.7) (n = 32) p < 0.001 55.2 (9.8) (n = 32) P < 0.001 54.9 (9.9) (n = 32) P = 0.010 57.0 (9.6) (n = 31) 0.15

730 days Mean (SD) N 38.5 (5.2) (n = 26) p < 0.001 55.7 (9.1) (n = 26) P = 0.017 56.1 (8.0) (n = 25) P = 0.001 56.7 (8.2) (n = 24) 0.04
Sleep disturbance Ability to par-

ticipate in social 
roles

Pain interference aNRS

Baseline 58.0 (8.1) (n = 35) Ref 38.4 (7.3) (n = 36) Ref 71.7 (5.3) (n = 36) Ref 7.9 (1.7) (n = 37) Ref
90 days Mean (SD)
N

55.7 (9.6) (n = 35) 0.17 44.0 (7.2) (n = 36) p < 0.001 60.9 (6.6) (n = 36) p < 0.001 4.9 (1.8) (n = 37) p < 0.001

180 days Mean (SD)
N

55.0 (7.4) (n = 33) 0.10 42.3 (5.9) (n = 33) P = 0.004 61.5 (5.2) (n = 33) p < 0.001 4.7 (1.7) (n = 34) p < 0.001

365 days Mean (SD)
N

57.0 (8.4) (n = 31) 0.57 44.0 (6.9) (n = 31) p < 0.001 60.7 (6.2) (n = 31) p < 0.001 4.7 (2.3) (n = 32) p < 0.001

730 days Mean (SD)
N

58.3 (7.1) (n = 23) 0.45 41.6 (6.2) (n = 25) p = 0.001 62.5 (6.3) (n = 24) p < 0.001 5.5 (1.9) (n = 24) p < 0.001
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Incorporating PCS alongside NRS potentially yields a 
more comprehensive biopsychosocial portrait than inten-
sity ratings alone. PCS changes may precede the full reso-
lution of fatigue, physical function, and social participa-
tion, suggesting that it could serve as an early-warning 
metric when device programming or multimodal care needs 
adjustment. Notably, our results echo prior multicenter 
datasets showing that catastrophizing is modifiable and that 
its amelioration tracks functional restoration, underscor-
ing its suitability as a treatment target rather than a static 
prognostic label [24].

Strength and limitations

This study benefits from prospectively collected patient- 
reported outcomes data and a longitudinal follow-up extend-
ing to two-year, confirming that early gains endured, and 
from the use of validated instruments (PROMIS-29 and 
PCS), which strengthens internal validity. Nevertheless, 
several constraints temper generalizability. Foremost is the 
single-centre design and relatively small sample size, which 
reduce statistical power and may not represent patients with 
differing socioeconomic or nociplastic pain profiles. The 
cohort comprised only patients who achieved at least 50% 
pain relief during the SCS trial and subsequently under-
went permanent implantation. The study therefore cannot 
determine whether baseline catastrophizing predicts trial 
success or suitability for SCS. Restriction to trial respond-
ers may also have reduced variability in post-implantation 
outcomes and attenuated associations between baseline PCS 
and subsequent response. Because the study lacked a control 
group, the observed changes cannot be attributed specifi-
cally to SCS and may partly reflect regression to the mean, 
expectancy effects, natural variation over time, or unmeas-
ured co-interventions.

Baseline PCS data were missing for 34.5% of par-
ticipants, introducing potential selection bias and limit-
ing subgroup analyses. Responder categorization relied 
exclusively on NRS thresholds, incorporating composite 
endpoints that couple pain relief with functional improve-
ment might have exposed subtler prognostic signals. In 
addition, PCS was sampled at relatively wide intervals, 
and denser, ecological momentary assessments could 
illuminate short-term fluctuations and yield finer-grained 
predictive models. Finally, we did not control for co-inter-
ventions such as cognitive-behavioural therapy, nor did 
we quantify biopsychosocial modifiers like neuroinflam-
matory markers, social support, or personal pain beliefs, 
all factors that might interact with catastrophizing and 
influence recovery trajectories. Future multicenter stud-
ies with larger cohorts, more frequent PCS monitoring, 
and comprehensive biopsychosocial profiling are needed 
to validate and extend these findings.

Conclusion

Among patients with available baseline PCS measurements, 
pain catastrophizing decreased following SCS implantation 
and remained lower than baseline among those with avail-
able long-term follow-up data. Baseline PCS was not sig-
nificantly associated with subsequent pain response or most 
multidimensional patient-reported outcomes. These findings 
suggest that serial PCS assessment may provide complemen-
tary information about the cognitive-emotional dimension of 
pain beyond conventional pain-intensity measures.
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