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Objective: Assess the effects of spinal cord stimu-
lation and add-on physical activity interventions 
on pain, physical activity levels, and health-related 
quality of life.
Design: Prospective single-arm.
Subjects/Patients: 35 adults who underwent spinal 
cord stimulation device implantation for neuropa-
thic pain completed the study.
Methods: Three months after implantation, partici-
pants initiated a 6-month individualized physioth-
erapist-led exercise programme, followed by 12 
months of physical activity on prescription. Neuro-
pathic pain intensity (Numeric Rating Scale, 0–10), 
physical activity (accelerometer), and health-rela-
ted quality of life (EuroQol 5-dimensions, visual 
analogue scale, EQ-5D VAS; 0–100) were assessed 
at baseline and 3, 9, and 21 months after implanta-
tion. 
Results: Neuropathic pain was reduced from base-
line at 9 and 21 months (mean [SD] = 6.6 [1.7] 
at baseline; 4.8 [2.3] at 9 months, p = 0.003; 4.8 
[2.1] at 21 months, p = 0.003). EQ-5D VAS scores 
increased significantly by 16 (p = 0.027) and 15 
(p = 0.003) points at 9 and 21 months, respecti-
vely. No changes in physical activity were obser-
ved. Changes from 3 months were not statistically 
significant at 9 or 21 months for any outcomes.
Conclusion: The initial effects of spinal cord sti-
mulation on pain and health-related quality of life 
remained after the introduction of physical activity 
interventions, with no additional improvements 
observed beyond 3 months after implantation. 
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LAY ABSTRACT
Chronic nerve pain is an intense type of pain that is dif-
ficult to treat with medications alone. Spinal cord sti-
mulation and rehabilitation (including physiotherapy) 
are alternative ways of managing chronic pain when 
medications do not provide sufficient pain relief. We 
evaluated the long-term effects of spinal cord stimula-
tion combined with physical activity interventions on 
pain intensity, physical activity levels, and quality of 
life. A total of 35 participants with chronic nerve pain 
completed the study. Three months after spinal cord 
stimulation device implantation, participants started a 
6-month physiotherapist-led exercise programme. Af-
ter completing the programme, they were prescribed 
individualized physical activity for 12 months. Parti-
cipants experienced pain relief and improved quality 
of life at the 9- and 21-month follow-ups. The effects 
were sustained, but no further improvements were 
seen beyond 3 months after implantation. Physical ac-
tivity levels were very low among participants and did 
not increase over the follow-up period.
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Chronic neuropathic pain is a severe pain condition 
caused by a lesion or disease of the somatosensory 

system, which leads to disability and impairs health-
related quality of life (HRQL) and physical functio-
ning (1). Pharmacological treatment is challenging 
(2). Techniques such as spinal cord stimulation (SCS) 
have been developed to aid the treatment of resistant 
neuropathic pain (2, 3). SCS has been shown to reduce 
pain intensity and improve HRQL, physical functio-
ning, and mobility; however, its long-term treatment 
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effects are variable (4–6). Rehabilitation and physio
therapeutic interventions, including physical activity 
(PA), commonly applied to chronic nociceptive and 
nociplastic pain conditions, have also been proposed 
for the treatment of neuropathic pain (7–9). PA is 
traditionally defined as any bodily movement that 
results in increased energy expenditure (10). Ample 
evidence supports the positive effects of PA on health 
and longevity, and regular PA of sufficient intensity and 
duration is considered essential for the prevention and 
treatment of several diseases (11). PA is associated with 
beneficial effects among patients with chronic pain, 
including pain relief, increased HRQL, and reduced 
risk of inactivity-related diseases (e.g., cardiovascular 
disease, type 2 diabetes, obesity) (11). However, indi-
viduals with chronic pain often exhibit low PA levels 
and do not meet the recommendations of the World 
Health Organization (WHO) for 150–300 min/week 
of moderate-to-vigorous physical activity (MVPA) 
(11–13). Low PA levels and other lifestyle factors 
may underlie the association between chronic pain and 
cardiovascular disease (14). While PA interventions 
may reduce neuropathic pain intensity and mitigate 
its unpleasantness, there is limited evidence regarding 
physiological effects and the mechanistic interaction 
between PA and neuropathic pain (15). 

A recent review and meta-analysis indicated that the 
effects of rehabilitation and PA interventions in patients 
with chronic neuropathic pain may be comparable to 
those observed in the general chronic pain population 
(7). However, long-term adherence to PA recommen-
dations following physiotherapeutic and rehabilitation 
interventions remains a challenge. Physical activity on 
prescription (PAP) has been developed and implemen-
ted in Sweden to facilitate long-term adherence to PA 
in chronic conditions, including chronic pain (16). Tai-
lored PAP includes a written prescription and regular 
follow-ups to maintain motivation to perform PA and 
increase PA levels (16, 17). PAP has been shown to 
effectively increase PA levels, contribute to increased 
HRQL, and improve metabolic risk profile (18). 

Currently, there is a lack of studies assessing the ef-
fects of SCS in relation to rehabilitation outcomes and 
in combination with PA interventions. We previously 
published findings from a prospective single-arm clini-
cal study indicating improvements in pain, HRQL, and 
self-efficacy 3 months after SCS device implantation 
in a clinical sample of patients with chronic neuropa-
thic pain (19). Participants subsequently completed a 
6-month physiotherapist-led exercise programme and, 
thereafter, 12 months of PAP. The present study is a 
long-term follow-up aimed to assess treatment effects 
on self-reported pain intensity, PA levels, and HRQL 
at 9 and 21 months after SCS device implantation. We 
hypothesized that SCS would facilitate PA, increasing 
MVPA levels, and that the PA interventions would 
complement the beneficial effects of SCS on pain relief.

METHODS

Ethical approval 
The study was conducted in accordance with the Decla-
ration of Helsinki (revised in 2013) and was approved 
by the Gothenburg Central Ethical Review Board and 
the Swedish Ethical Review Authority (registration 
number 450-16, supplementary applications registra-
tion numbers T749-18; 2019-05318, 2023-03398-02). 
All participants received oral and written informa-
tion and those who subsequently gave both oral and 
written informed consent were enrolled in the study. 
Withdrawal was permitted without the need for further 
explanation.

Study design
The 3-phase complex intervention study examined 
treatment with SCS up to 3 months after implantation 
(Phase 1), a 6-month add-on physiotherapist-led exer-
cise programme (Phase 2), and 12 months of PAP for 
chronic neuropathic pain (Phase 3) (Fig. 1). The study 
design and methods have been described previously 
(19). The last 2 phases of the study (2 and 3) are pre-

Fig. 1. Study design. SCS: spinal cord stimulation.
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sented in detail in the present paper. The study has been 
registered in ClinicalTrials.gov (NCT03740763) and 
in the Västra Götaland Region registry (https://www.
researchweb.org/is/vgr/project/216271).

Participants
Adults (> 18 years) with chronic neuropathic pain with 
pain intensity ≥ 5 on the Numeric Rating Scale for 
Pain (NRS; 0–10 point scale, 0 = no pain, 10 = worst 
imaginable pain) and pain duration for ≥ 6 months, who 
were accepted for SCS treatment at the Pain Centre 
or Neurosurgical Department at the Sahlgrenska Uni-
versity Hospital, Gothenburg, Sweden, were assessed 
for study eligibility according to the inclusion and 
exclusion criteria presented in Table I (19). 

Procedure
Patients who met the inclusion criteria and accepted 
participation in the study were implanted with an SCS 
device (Abbott Laboratories, Chicago, IL, USA; Bos-
ton Scientific, Marlborough, MA, USA; Medtronic, 
Minneapolis, MN, USA; and Nevro Corp, Redwood 
City, CA, USA within routine clinical practice) after 
a successful 2-week test trial and proceeded with 
Phase 1 (19). After implantation, participants were 
randomized 1:1 to either Active SCS group or Inactive 
SCS group. For those randomized into the Inactive 
SCS group, devices were switched off for the first 6 
months, whereas devices remained active for those in 
the Active SCS group (19). Participants in the Inactive 
SCS group who requested activation of the SCS device 
were permitted crossover to the Active SCS group. 
When Phase 1 was completed, all participants moved 
to Phase 2, a physiotherapist-led exercise programme, 
and subsequently to Phase 3, PAP (see Fig. 1). 

Phase 2: Physiotherapist-led exercise programme
Three months after the implantation of an SCS device, 
participants started an individually tailored 6-month 

exercise programme led by physiotherapists specia-
lized in pain and pain rehabilitation. The programme 
was based on muscular strength, endurance, and core 
stability, with additional aerobic exercises individu-
ally tailored according to clinical assessment and the 
patient’s preferences and needs (e.g., age, relevant di-
agnoses, mobility status, and preference for gym-based 
or home-based exercise). The recommendation was 
to perform exercise sessions of approximately 60 min 
twice weekly, at the Pain Centre in Gothenburg, at a 
local gym, or at a local physiotherapy clinic, depending 
on the participant’s preference. Home-based exercise 
was also possible, and, for some participants, gradual 
progression starting with shorter and more frequent 
sessions was necessary. 

Phase 3: Physical activity on prescription
After completing the 6-month physiotherapist-led 
exercise programme, participants were offered PAP 
to continue exercising on their own. PAP entails the 
following individualized steps: (i) person-centred 
dialogue regarding current PA levels, motivations, and 
preferences; (ii) the recommended PA dosage; (iii) ad-
justment of ideal PA dosage according to concomitant 
diseases and disabilities; and (iv) regular follow-ups 
(16). PAP was prescribed by the study physician (PA), 
in consultation with the treating physiotherapist at the 
Pain Centre. Prescriptions comprised both strength 
and aerobic exercises and were individualized based 
on clinical assessments by the study physician and 
physiotherapist, the participant’s pain locations, un-
derlying diseases (including other pain conditions), 
and the participant’s own preferences. The prescription 
included the duration, frequency, and intensity of PA 
according to the Frequency, Intensity, Time, Type of PA 
(FITT) principle (20). Follow-ups were conducted by 
telephone by a research nurse 12 and 15 months after 
SCS device implantation to follow up PAP and the need 
for prescription renewal. In cases where concerns were 
brought up by participants, the study physician was 
contacted. Follow-ups at 12 months after the first PAP 
prescription, i.e., 21 months after SCS device implanta-
tion, was performed by the study physician. PAP was 
renewed by the study physician by the end of the study 
or more frequently, if requested by the participant. A 
plan for continued follow-up of PAP within primary 
care was established at the last study visit. 

Outcome measures
Patient-reported outcome measures (PROMs) and 
other outcome measures have been described in de-
tail in the Phase 1 report (19). No additional outcome 
measures were employed for Phases 2 and 3. Outcome 
assessments were conducted at baseline and the 3-, 9-, 

Table I. Inclusion and exclusion criteria for the complex intervention 
study

Inclusion criteria
•	 Neuropathic pain ≥ 6 months
•	 Pain intensity ≥ 5 on the NRS
•	 Neuropathic pain with neuroanatomical correlation
•	 SCS aimed to cover ≥ 50% of the painful area
•	 �Physical and psychological function permitting SCS treatment and 

execution of physiotherapist-led exercise

Exclusion criteria
•	 Other disabling pain condition
•	 Serious untreated psychiatric conditions
•	 Alcohol and substance abuse
•	 Pregnancy
•	 Poor adherence (e.g., cognitive dysfunction)
•	 Malignancy with short life expectancy
•	 Insufficient knowledge of the Swedish language

NRS: Numeric Rating Scale for pain (scale 0–10; 0 = no pain, 10 = worst imaginable 
pain); SCS: spinal cord stimulation.
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12-, 15-, and 21-month follow-ups after permanent 
SCS device implantation, either on site or digitally 
depending on participant circumstances and CO-
VID-19 restrictions. Intermediate assessments at 12 
and 15 months were performed by phone to facilitate 
long-term follow-up and PAP. PROM questionnaires 
were sent by post to each participant, although some 
participants completed the questionnaires during study 
visits. In cases where participants did not respond 
within 2 weeks, research nurses reached out by phone 
and could resend questionnaires if needed. 
Pain. Pain outcomes were self-reported and assessed 
using the NRS. Neuropathic pain intensity was repor-
ted at rest and during movement on the previous day 
and over the previous week. Average neuropathic pain 
intensity was calculated for each participant based on 
the previous week’s values. Total pain assessments 
consisted of both neuropathic pain and pain of other 
aetiologies reported at rest and during movement over 
the previous week. The minimal clinically important 
difference (MCID) for the NRS has traditionally been 
estimated at 2 points for chronic pain (21). A 1–3 points 
change on the NRS has been suggested to be clinically 
significant for patients treated with SCS (22). 
Physical activity measurements. Objectively assessed 
PA data were collected at baseline and at 3, 9, and 21 
months after SCS device implantation using an Axivity 
AX3 accelerometer (Axivity Ltd, Newcastle upon 
Tyne, UK). Participants wore the accelerometer for 
24 h a day for 7 consecutive days at each assessment 
time point, except during contact with water. The ac-
celerometer was placed in an elastic belt around the 
waist and positioned over the right hip to ensure that 
bodily movement and PA intensity were recorded ac-
curately. Collection and conversion of raw data have 
previously been described (19). 

PA measurements were expressed in relative and 
absolute terms (23, 24). Absolute PA intensity is usually 
expressed as metabolic equivalents of task (METs), 
where 1 MET is the oxygen consumption during rest 
(3.5 ml/min/kg). Its measures include energy expen-
diture, locomotion speed, and mechanical work, all of 
which represent the same absolute intensity regardless 
of who is performing the activity. Relative PA intensity 
refers to absolute intensity in relation to individual maxi-
mal PA capacity (determined by individual maximal 
oxygen consumption; VO2max) and differs depending 
on individual cardiorespiratory fitness (24). Relative 
PA intensity can be determined as the proportion of 
estimated VO2max during activity, defined as moderate 
(> 46%), vigorous (> 64%), and very vigorous (> 91%). 
The VO2max for the participants included in this study 
was set to 32 ml/min/kg according to previous data 
measured in a representative sample of patients at the 
Pain Centre. Sedentary time (SED) was expressed in 

absolute terms (METs < 1.5), as there are no existing 
references values for relative SED (24, 25), and MVPA 
was expressed as ≥ 46% VO2max.

In addition, self-reported PA was assessed using  
the Saltin–Grimby Physical Activity Level Scale  
(SG-PALS), which has a score range from 1–4, where 
higher scores indicate higher PA levels (26). 
Additional PROMs. All PROMs used in the study have 
been described in detail previously (19). The visual 
analogue scale (VAS) of the European Quality of Life 
instrument (EuroQoL 5-dimensions questionnaire; EQ-
5D VAS; a 0–100 point scale; where 0 = worst health, 
100 = best possible health) was used to assess HRQL 
(27). The MCID for the EQ-5D VAS is usually set to 
> 7 or > 10 points (28). HRQL was also assessed using 
the RAND-36 questionnaire (8 domains, score range 
0–100 each; higher scores indicate better HRQL). Self-
efficacy was assessed using the Arthritis Self-Efficacy 
Scale (ASES; score range 0–100; higher scores imply 
higher self-efficacy) and the Self-Efficacy for Ex-
ercise Scale (SEE; score range 0–90; higher scores 
imply higher self-efficacy). Fear of movement (i.e., 
kinesiophobia) was assessed using the TAMPA scale 
of Kinesiophobia (score range 17–68; higher scores 
imply more kinesiophobia; cut-off of 37 indicating 
high levels of kinesiophobia). 
Patient satisfaction. Patient satisfaction was self-
reported using an NRS scale (0–10-point scale; 0 = not 
satisfied, 10 = very satisfied) at 9 and 21 months after 
SCS device implantation (29). 

Adverse events
Adverse events (AEs) were self-reported throughout 
the study and specifically addressed during the study 
visits. Classification was made in accordance with the 
Department of Health and Human Services’ Common 
Terminology Criteria for Adverse Events (CTCAE) 
version 5.0 (grade score 1–5; grades 3–5 imply serious 
AEs) (30). 

Statistics
Sample size calculations have been reported previously 
(19). IBM SPSS Statistics version 29 (IBM Corp, 
Armonk, NY, USA) was used for statistical analyses. 
Questionnaires were securely stored anonymously. Data 
distribution was assessed for all variables before the 
analyses through visual inspection of histograms (31). 
Variables with approximately symmetric distribution 
were presented as means with standard deviations (SD) 
and were analysed with the paired t-test. Variables with 
skewed distribution, extreme values, or several missing 
values were presented as medians with interquartile 
ranges and ranges (Q1–Q3; min–max) and were ana-
lysed with the Wilcoxon signed rank test. McNemar’s 
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test was used to compare the proportions of participants 
who reported ≥ 50% pain relief across the follow-ups. 
Statistical significance was reached when p < 0.05; all 
p-values were two-sided and corrected for multiple 
analyses using the Bonferroni correction regarding the 
number of analyses made for each variable. In cases 
where the corrected p-value exceeded 1, it was approxi-
mated to 1.0. If questionnaire values were missing at 
the 21-month follow-up, values were imputed from the 
12- or 15-month follow-up. The primary outcome of 
interest of the complex intervention study was patients 
reporting ≥ 50% pain relief at 3 months, which has been 
reported previously in a separate publication (19). 

RESULTS
Participants
A total of 48 participants were included between May 
2018 and October 2021; 42 participants were implanted 
with the SCS device and randomized to Active SCS 
(n = 21), or Inactive SCS (n = 21) (19). A total of 19 
participants in the Inactive SCS group requested activa-
tion of the device due to considerable pain reduction 
during test trial, and they crossed over to the Active 
SCS group. A total of 35 participants completed the 
9- and 21-month follow-ups (Fig. 2). Seven partici-
pants left the study between randomization and the 
9-month follow-up. No further withdrawals occurred. 
The study ended with the last study visit in Novem-
ber 2023. A detailed flowchart from screening to the 
3-month follow-up has been published previously (19). 
Demographic characteristics of the study population 
are presented in Table II. 

Outcome measures 
Data from the 3-month follow-up have been previously 
published but are included herein for reference (19).

Pain. Pain intensity outcomes are presented in 
Table III. The proportion of patients reporting ≥ 50% 
pain relief increased from 3 (11.5%) at 3 months to 
7 (25%) at 9 months, and remained stable through 
to 21 months (n = 7, 21%). However, these changes 
were not statistically significant after Bonferroni 
correction at any follow-up. Statistically significant 
pain reduction from baseline was found regarding all  
neuropathic pain intensity outcomes and total pain during  
movement. The mean neuropathic pain average score 
decreased from 6.6 (SD = 1.7) at baseline for those 
with complete follow-up to 4.8 (SD = 2.3, p = 0.005) 
at 9 months, which was sustained to the 21-month 
follow-up (4.8, SD = 2.1, p = 0.005) (Table III). The 
median total pain in movement score was reduced 
from 7.0 (Q1–Q3 = 6–8; min–max = 2–10) to 6.0 
(Q1–Q3 = 4–8; min–max = 0–10; p = 0.025) at 9 months 

and to 6.0 (Q1–Q3 = 5–8; min–max = 0–10; p = 0.03) 
at 21 months. Improvements in total pain at rest from 
baseline did not reach statistical significance after 
Bonferroni correction at 9 or 21 months (p = 0.11 and 
p = 0.095, respectively) (Table III). There were no 
statistically significant differences between follow-ups 
at 3, 9, and 21 months for any of the pain outcomes. 
Physical activity. The median duration of MVPA 
measured using an accelerometer was 11 min/week 
(Q1–Q3 = 5.6–39; min–max = 1.8–270) at 9 months and 
12 min/week (Q1–Q3 = 5.2–57; min–max = 2.3–263) at 
21 months, which did not differ significantly compared 
with baseline (15, Q1–Q3 = 8.6–49; min–max = 3.6–
223) (see Table III). No changes were observed re-
garding SED during the study follow-ups at 9 and 21 
months compared with baseline (p = 1.0 and p = 1.0, 
respectively) (Table III). Most participants self-reported 
engaging in some light PA at baseline (n = 17, 61%), and 
at 9 (n = 17, 63%) and 21 months (n = 20, 61%) (Table 
SI). No significant differences were observed in PA out-
comes between the follow-ups at 3, 9, and 21 months. 
Health-related quality of life. HRQL assessed using the 
EQ-5D VAS showed statistically significant improve-
ments from baseline, from a mean score for those with 
complete follow-up of 40 (SD = 16) to 56 (SD = 23, 
p = 0.045) at 9 months and 55 (SD = 21, p = 0.005) at 21 
months (Table III). Scores in the RAND-36 pain domain 
were improved at 9 (p = 0.02) and 21 months (p = 0.005) 
(Table III). Changes in other domains did not remain 
statistically significant after Bonferroni correction. Fig. 
3 displays an overview of the RAND-36 domain scores 
at different assessment points. There were no statisti-
cally significant differences in HRQL outcomes when 
comparing the 3, 9, and 21-month follow-ups.
Additional outcomes. Patient satisfaction outcomes are 
presented in Table III. Median patient satisfaction with 
pain relief was 7.0 (Q1–Q3 = 3.3–8.8; min–max = 0–10) 
at 9 months and 8.0 (Q1–Q3 = 4.0–8.5; min–max = 0–10) 
at 21 months. Median treatment acceptability was 7.5 
(Q1–Q3 = 4.3–10; min–max = 2–10) and 8.0 (Q1–
Q3 = 5.0–9.0; min–max = 0–10) at 9 and 21 months, 
respectively. Satisfaction with health care was 9.0 (me-
dian; Q1–Q3 = 5.3–10; min–max = 2–10) at 9 months 
and 8.0 (median; Q1–Q3 = 6–10; min–max = 0–10) 
at 21 months. Self-efficacy and kinesiophobia findings 
are presented in Table SI; no statistically significant 
changes were observed for these outcomes. 

Adverse events
All participants who completed the study (n = 35) were 
included in the AE analysis. A total of 84 AEs were 
reported by 32 participants (Table IV). Of all AEs repor-
ted, 31 were deemed directly related to SCS treatment, 
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10 to the physiotherapist-led exercise programme, 5 
to PAP, and 38 to other causes. A total of 27 AEs were 
judged to be serious; all were CTCAE grade 3 (30). A 
total of 2 implantable pulse generator (IPG) explants, 
1 IPG implant (due to a prior IPG explant previously 
reported) (19), 4 IPG reoperations, and 2 lead revisions 
were performed during Phases 2 and 3 of the study.

DISCUSSION

This study found that the improvements in neuropa-
thic pain intensity and HRQL after treatment with 

SCS remained over time during the period in which 
participants received the add-on physiotherapist-led 
exercise programme and subsequent PAP. Our overall 
findings should be interpreted considering the hete-
rogeneous sample population, with various chronic 
neuropathic pain conditions, the presence of AEs, and 
potential progression of comorbidities. Nevertheless, 
mean changes from baseline in neuropathic pain 
intensity reached statistical and clinical significance  
(21, 22), and participants reported increased HRQL, 
favourable treatment satisfaction and acceptability, 
despite reports of several AEs. Changes observed in 

Fig. 2. Flowchart. SCS: spinal cord stimulation; PAP: physical activity on prescription.
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the EQ-5D VAS demonstrated both statistical signi-
ficance and clinical relevance, with the upper bound 
of the confidence interval being 2–3 times the MCID 
(28). Significant long-term improvements were observ

ed in the RAND-36 pain domain, corresponding to 
increases of 43% (10 points) and 74% (17 points) in 
the domain score at the 9- and 21-month follow-ups 
(32). Improvements in the RAND-36 social functio-
ning domain also remained significant over the long 
term. Further, participants reported a maximal score 
on the RAND-36 role functioning/emotional domain 
after 3 months, which was maintained throughout 
the study period. These changes in HRQL reflect the 
importance of achieving meaningful pain relief in 
chronic pain management. The improvement in the 
social functioning domain of the RAND-36 indicates 
beneficial effects beyond pain relief and PA measured 
with accelerometers, which might help explain why 
patients are satisfied with the treatment despite modest 
improvements in pain intensity, no detectable changes 
in PA, and several AEs. This discrepancy prompts con-
sideration of what constitutes a meaningful treatment 
effect following SCS and highlights the importance 
of considering multidimensional and patient-relevant 
outcomes, beyond pain reduction (33). 

Notably, no statistically significant differences 
could be detected when comparing outcomes at the 
3-, 9-, or 21-month follow-ups. This indicates that the 
add-on PA interventions did not augment pain relief 
or HRQL further, although the improvements after 3 
months of SCS treatment were maintained in the long 
term throughout the duration of the physiotherapist-led 
exercise programme and PAP. The add-on effects of 
the PA interventions need to be further assessed in 
multicentre randomized controlled trials to evaluate 
their potential contribution to the maintenance of SCS 
effects. Complementary study designs, such as qualita-
tive studies, are also of importance to capture patients’ 
goals and to identify meaningful outcomes that capture 
the beneficial effects of SCS and PA interventions. The 
findings are consistent with existing evidence on over-
all neuropathic pain improvements with SCS treatment 
and recent data regarding the long-term maintenance 
of clinically important neuropathic pain relief and 
HRQL after SCS for patients with neuropathic pain of 
different origins (34, 35). We cannot conclude whether 
PA interventions contributed to the maintained long-
term results, because of the single-arm design and 
absence of a control group. Our results also showed 
statistically and clinically significant improvements 
in pain during movement, addressing the limited 
data available on this outcome. Lastly, we found no 
statistically significant differences in objectively or 
subjectively measured PA levels from baseline at the 
long-term follow-ups, although we hypothesized that 
pain relief and improved HRQL would facilitate PA 
and increase MVPA levels. However, no deterioration 
in PA levels was observed, although PA levels tend to 
decrease naturally over time in the general population 

Table II. Baseline patient characteristics for all included patients 
and those completing the 21-month follow-up visit

Item

All included 
patients
(n = 48)

Patients completing 
the 21-months’ 
follow-up 
(n = 35)

Age, years, mean (SD) 53 (13) 53 (13)
Median (min; max) 54 (29; 77) 53 (29; 77)

Gender, women/men, n (%) 27/21 (56/44) 20/15 (57/43)
Pain duration, years, n (%)
< 1 year 0 (0) 0 (0)
1–5 years 27 (56) 22 (63)
6–10 years 12 (25) 9 (26)
>10 years 9 (19) 4 (11)

Education, n (%)
Elementary school 7 (15) 6 (17)
High school 17 (35) 10 (29)
College/University 13 (27) 10 (29)
Other 10 (21) 8 (23)
Missing 1 (2) 1 (2)

Occupational status, n (%)
Employment/Studies 100% 7 (15) 3 (9)
Employment/Studies 75% 4 (8) 4 (11)
Employment/Studies 50% 5 (10) 4 (11)
Employment/Studies 25% 2 (4) 2 (6)
Job applicant 2 (4) 2 (6)
Sick leave 100% 18 (38) 14 (40)
Sick leave 75% 0 (0) 0 (0)
Sick leave 50% 0 (0) 0 (0)
Retired 9 (19) 6 (17)
No employment/studies/sick leave 1 (2) 0 (0)

Marital status, n (%)
Married/Cohabiting 37 (77) 26 (74)
Single 11 (23) 9 (26)

Smoking status, n (%)
Active/Periodic smoker 15 (31) 7 (20)
Former smoker 20 (42) 17 (49)
Nonsmoker 13 (27) 11 (31)

Snuff, n (%)
Active/Periodic 16 (33) 9 (25)
Former 5 (11) 3 (9)
Never 23 (48) 20 (57)
Missing 4 (8) 3 (9)

BMI, kg/m2, mean (SD) 28 (4) 28 (4)
Median (min; max) 28 (20; 37) 28 (20; 37)

Neuropathic pain location, n (%)
Upper extremity 5 (10) 4 (11)
Lower extremity 41 (85) 29 (83)
Trunk 8 (17) 5 (14)

Indication for SCS treatment, n (%)
CRPS 11 (23) 6 (17)
PSPS II 31 (65) 23 (66)
Other 6 (12) 6 (17)

Pain in other locations, n (%) 41 (85) 31 (89)
Pain medication, n (%)
Paracetamol 26 (54) 17 (49)
Anti-inflammatory drugs 12 (25) 9 (26)
Acetylsalicylic acid with caffeine 1 (2) 1 (3)
Opioids 31 (65) 25 (71)
Antidepressants 24 (50) 17 (49)
Anticonvulsants 22 (46) 18 (51)
Sedatives and Z-drugs 9 (19) 6 (17)

Percentages are based on available data. Other indications for SCS treatment 
include chronic persistent post-surgical pain of different causes, post-traumatic 
neuropathic pain, or chemotherapy-induced neuropathic pain. Anti-inflammatory 
drugs include nonsteroidal anti-inflammatory drugs (NSAIDs) and Selective  
COX-2 inhibitors. Z-drugs: nonbenzodiazepines, i.e., zopiclone, zolpidem. 
SD: standard deviation; SCS: spinal cord stimulation; CRPS: complex regional 
pain syndrome; PSPS II: persistent spinal pain syndrome. 
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(36), and the participants’ PA levels were considerably 
low at all follow-ups (11). 

Previous research has relied on subjective self-re-
ported questionnaires evaluating physical functioning, 
which is often improved following SCS treatment (5). 
Nonetheless, evidence is mixed on whether objective 
measures correlate with subjective ones (4, 37). In 
the present study, we could not detect any objective 
evidence of improved PA after SCS treatment and the 
add-on PA interventions. Despite this, physical functio-

ning may improve without corresponding changes in 
MVPA or PA levels. Notably, Hallén et al. reported 
increased patient mobility (i.e., upright mobile position 
≥ 30 s) 12 months after SCS device implantation for 
persistent spinal pain after surgery, implying improved 
daily functional mobility, although they did not directly 
evaluate activity intensity (4). This outcome was spe-
cifically observed in patients with predominant leg 
pain, which suggests that the underlying pain condition 
influences the treatment effects on mobility. 

Table III. Primary and secondary outcomes: changes from baseline at the 3-, 9, and 21-month follow-ups

Factor

Baseline values

All patients 
(n = 48)

Complete 
follow-up 
(n = 35)

3 months
(n = 26–28)

Mean 
difference 
from 
baseline 
[95% CI]

p- 
value

9 months 
(n = 27–30)

Mean 
difference 
from 
baseline 
[95% CI]

p- 
value

21 months 
(n = 31–33)

Mean 
difference 
from 
baseline 
[95% CI]

p- 
value

Primary outcome
Pain relief ≥ 50%, n (%) 3 (11.5) 7 (25%) 7 (21%)
Secondary outcomes
Pain
NRS (0–10)
Pain relief ≥ 30%, n (%) 12 (46) 13 (46) 16 (49)
Pain relief 0–29%, n (%) 12 (46) 10 (36) 12 (36)
Increased pain, n (%) 2 (8) 5 (18) 5 (15)
Neuropathic pain, average, mean 
(SD)

6.7 (1.7) 6.6 (1.7) 4.5 (1.6) –1.6 [–2.2 
to –1.1]

0.005*a 4.8 (2.3) –1.6 [–2.5 to 
–0.7]

0.005*a 4.8 (2.1) –1.7 [–2.5 
to –1]

0.005*a

Neuropathic pain last week at rest, 
mean (SD)

6.2 (1.9) 6.0 (1.8) 3.9 (1.7) –1.8 [–2.5 
to –1.0]

0.005*a 4.5 (2.2) –1.4 [–2.3 to 
–0.4]

0.035*a 4.5 (2.2) –1.5 [–2.4 
to –0.7]

0.005*a

Neuropathic pain last week during 
movement, mean (SD)

7.3 (1.9) 7.1 (1.9) 5.1 (2.0) –1.5 [–2.1 
to –1.0]

0.005*a 5.1 (2.4) –1.9 [–2.8 to 
–1.0]

0.005*a 5.2 (2.3) –1.9 [–2.7 
to –1.2]

0.005*a

Total pain last week at rest, median 
(Q1–Q3; min–max)

6.0 (5–8; 
3–10)

6.0 (5–8; 
3–10)

5.0 (3–6; 
1–9)

0.02*b 5.0 (3–7; 
2–9)

0.11b 5.0 (6–8; 0–9) 0.095b

Total pain NRS last week during 
movement, median (Q1–Q3; 
min–max)

7.0 (6–8.3; 
2–10)

7.0 (6–8; 
2–10)

6.0 (5–8; 
2–9)

0.03*b 6.0 (4–8; 
0–10)

0.025*b 6.0 (5–8; 
0–10)

0.03*b

Physical activity
Accelerometer
SED, min/day, median (Q1–Q3; 
min–max)

661 
(596–722; 
487–817)

663 
(594–737; 
487–817)

670 
(635–726; 
560–820)

0.66b 652 
(596–727; 
485–861)

1.0b 652 (601–727; 
518–861)

1.0b

MVPA, min/week, median (Q1–Q3; 
min–max)

13 (6.7–42; 
3.2–223)

15 (8.6–49; 
3.6–223)

17 (4.9–65; 
1.3–281)

1.0b 11 (5.6–39; 
1.8–270)

1.0b 12 (5.2–57; 
2.3–263)

1.0b

HRQL
EQ-5D VAS (0–100), mean (SD) 39 (15) 40 (16) 60 (20) 14 [5–23] 0.015*a 56 (23) 14 [4–23] 0.045*a 55 (21) 14 [7–22] 0.005*a

RAND-36 (0–100)
Physical Functioning, median (Q1–
Q3; min–max)

50 (30–60; 
5–90)

50 (40–63; 
15–90)

63 (40–70; 
15–90)

0.125b 60 (28–79; 
5–100)

0.69b 55 (30–75; 
5–100)

1.0b

Role Functioning/Physical, median 
(Q1–Q3; min–max)

0 (0–0; 
0–75)

0 (0–0; 
0–50)

25 (0–44; 
0–100)

0.035*b 0 (0–50; 
0–100)

0.135b 0 (0–25; 
0–100)

0.095b

Pain, median (Q1–Q3; min–max) 23 (10–35; 
0–48)

23 (10–34; 
0–48)

45 (23–55; 
0–70)

0.005*b 40 (23–45; 
0–90)

0.02*b 33 (23–45; 
0–90)

0.005*b

General health, median (Q1–Q3; 
min–max)

45 (35–55; 
15–90)

45 (35–58; 
25–90)

55 (45–70; 
15–90)

1.0b 53 (40–70; 
10–95)

0.99b 45 (33–45; 
10–100)

1.0b

Energy/Fatigue, median (Q1–Q3; 
min–max)

25 (15–50; 
0–85)

30 (15–52; 
5.0–85)

55 (30–70; 
5–80)

0.045*b 55 (35–65; 
0–95)

0.29b 45 (35–60; 
0–85)

0.21b

Social functioning, median (Q1–Q3; 
min–max)

38 (25–50; 
0–100)

38 (19–50; 
0–100)

75 (38–75; 
25–100)

0.005*b 57 (38–75; 
0–100)

0.07b 63 (32–60; 
13–100)

0.005*b

Role Functioning/Emotional, 
median (Q1–Q3; min–max)

67 (0–100; 
0–100)

67 (0–100; 
0–100)

100 (42–100; 
0–100)

0.75b 100 (8–100; 
0–100)

1.0b 100 (33–100; 
0–100)

0.15b

Emotional well-being, median (Q1–
Q3; min–max)

60 (44–80; 
12–96)

64 (48–80; 
12–96)

72 (48–88; 
16–96)

1.0b 72 (56–92; 
20–100)

1.0b 72 (50–86; 
4–100)

1.0b

Patient satisfaction
NRS (0–10)
Satisfaction with pain relief, median 
(Q1–Q3; min–max)

7.0 (5–8.8; 
0–10)

7.0 (3.3–8.8; 
0–10)

8.0 (4.0–8.5; 
0–10)

Treatment acceptability, median 
(Q1–Q3; min–max)

8.0 (6.3–9.8; 
1–10)

7.5 (4.3–10; 
2–10)

8.0 (5.0–9.0; 
0–10)

Health care, median (Q1–Q3; 
min–max)

9.0 (8–10; 
2–10)

9.0 (5.3–10; 
2–10)

8.0 (6–10; 
0–10)

Analyses are relative to baseline values, and percentages are based on available data. *p-value significant when <0.05. p-values are Bonferroni-corrected for multiple comparisons throughout all 
tests. aSymmetrical distribution, mean (SD), and t-test for mean comparison. bNot symmetrical distribution, median (Q1–Q3; min–max) used for descriptive statistics and Wilcoxon signed rank test 
for median comparison. Higher scores on the NRS indicate worse pain. Higher scores on the EQ-5D VAS and RAND-36 indicate better HRQL.
NRS: Numeric Rating Scale for Pain; SD: standard deviation; SED: time spent in sedentary activity; MVPA: time spent in moderate to vigorous activity; HRQL: Health-Related Quality of Life; EQ-5D VAS: 
EuroQol Five Dimensions visual analogue scale; RAND-36: modified version of Short-Form health survey (SF-36). Patient satisfaction: Satisfaction with pain relief, treatment acceptability, and health care.
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In our study, another potential explanation for 
the observed MVPA results is that participants with 
neuropathic pain might not pursue increased PA at a 
moderate or vigorous level, but instead aim to enhance 
their ability to perform daily activities such as walking, 
driving, or bending forwards. If these activities were 
performed more effectively without the interference 
of pain, consistent with goals and expectations repor-
ted by patients before SCS treatment (38), physical 
functioning and HRQL may have improved without 
corresponding changes in MVPA levels. Alternately, 
participants may have compensated for increased 
PA during the intervention period by reducing other 
activities and by resting, leaving their MVPA levels 
unchanged. It is also important to note that high data 
variability regarding MVPA, including individual PA 
patterns and levels, may require a larger sample size for 
detecting statistically significant changes. Our results 
also align with prior evidence on barriers to changing 
PA behaviours (39). The physiotherapist-led exercise 
programme and PAP primarily consisted of structured 
exercise training but did not specifically address beha-
vioural changes and attitudes towards exercise. It might 
be beneficial to include interventions that target these 
issues, as has been discussed in relation to patients with 
chronic musculoskeletal pain who do not increase PA 
levels after PA interventions (40). Finally, the residual 
pain, particularly regarding pain during movement, 
may have been a barrier for increasing MVPA levels.

In this study, we detected a high incidence of AEs, 
of which most were of mild severity. This finding is 

Fig. 3. RAND-36 domain scores at different assessment points.

Table IV. Adverse events

Factor

3–9 months after 
SCS implantation
No. of 
occurrences

9–21 months 
after SCS 
implantation
No. of 
occurrences

AE related to SCS treatment
Technical
Lead dysfunction 2
IPG dysfunction 1
IPG displacement 1 2
Biological/Non-technical
Headache 1
Other 1
Other complications
Pain/discomfort over implant 6 3
Pain over incision site 3
Undesirable stimulation 6 4
Other 1
Number of AEs related to SCS  
treatment

20 11

AE related to physiotherapist-led exercise
Syncope 1
Shoulder pain 4
Ankle pain 1
Greater trochanteric pain syndrome 1
Leg (knee/hip) pain 2 1
Number of AEs related to 
physiotherapist-led exercise

8 2

AE related to PAP
Leg (knee/hip) pain 3
Pain over implant after PA 1
Greater trochanteric pain syndrome 1
Number of AEs related to PAP 5
AE due to other causes
Number of AEs 15 23
Total number of AEs 43 41
Total number of serious AEs 
(CTCAE grades 3–5) 

14 13

Number of patients 26 23

SCS: spinal cord stimulation. AE: adverse event. IPG: permanent implantable 
pulse generator. PAP: physical activity on prescription. PA: physical activity. 
CTCAE: Common Terminology Criteria for Adverse Events.
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consistent with previous real-world data indicating that 
SCS has a potentially high burden of AEs, although 
severe or life-threatening ones occur at a low incidence 
(41). The most commonly reported AE in the study 
was pain over the implant, which also aligns with 
the present literature (41). The high incidence of AEs 
across all study phases could reflect the clinical nature 
of our study population and existing comorbidities. 
AEs are not routinely reported in studies evaluating 
PA interventions, which limits comparisons across 
studies. However, reports of AEs related to the add-on 
PA interventions highlight the importance of providing 
individualized assistance and follow-up for patients 
with chronic neuropathic pain, especially those with 
comorbidities.

The present study is industry-independent and inclu-
des a clinical sample of participants with neuropathic 
pain of different aetiologies treated with SCS, which 
contributes to the generalizability of the findings. Ho-
wever, the small sample size recruited from a single 
centre, missing data, and the absence of a control group 
are important limitations. Caution is warranted in inter-
preting the results due to the possibility of small study 
effect on outcomes. Accelerometry captures triaxial ac-
celeration during daily activities and is recommended 
in research as providing more precise and continuous 
measurement of bodily movement than self-reported 
measures. The individualized physiotherapist-led ex-
ercise programme and subsequent PAP consisted of 
PA such as strengthening, balance, core training, cyc-
ling, and water-based exercises, which are difficult to 
capture with accelerometers and may have influenced 
the results. Furthermore, although individual rehabi-
litation goals were not systematically addressed, the 
included PA interventions were individualized based on 
participants’ preferences and needs to ensure that the 
intervention was relevant and feasible for participants. 
Subgroup analysis of responders to PA interventions 
could not be performed due to the small number of 
participants achieving ≥ 50% pain relief. 

Although this study found clinically and statisti-
cally significant beneficial effects on pain and HRQL 
in the long term, we cannot infer the direct effects of 
physiotherapy or PAP due to the single-arm design 
and the absence of a control group. Further studies 
with larger sample sizes are needed to explore the 
optimal composition of physiotherapy and rehabilita-
tion interventions, the timing for introducing those 
interventions in relation to SCS implantation, and 
appropriate patient selection before recommending 
routine use of physiotherapy and PAP alongside SCS 
for chronic neuropathic pain. Patients with neuropa-
thic pain might require extra support and specifically 
targeted interventions aimed at increasing PA levels 
and aerobic capacity compared with a general chronic 

pain population, which could be a target for future 
research. In this regard, psychological interventions 
have specifically demonstrated beneficial effects in 
patients with neuropathic pain and may enhance the 
observed outcomes of SCS and PA interventions (7). 
It may also be relevant to further evaluate rehabilita-
tion interventions (e.g., physiotherapist-led exercise 
and psychological interventions) in combination with 
SCS, given that SCS is integrated into routine clinical 
practice for resistant chronic neuropathic pain. 

In conclusion, clinically relevant improvements in 
neuropathic pain intensity, HRQL, and favourable 
satisfaction after SCS treatment remained at long-
term follow-up, with no additional improvements 
observed beyond 3 months after SCS device implanta-
tion. Although an add-on physiotherapist-led exercise 
programme and PAP were provided during this period, 
their contribution cannot be determined. PA levels 
did not change from baseline, indicating that patients 
with neuropathic pain may require additional support 
and tailored rehabilitation programmes to increase 
the intensity and level of PA. Larger studies are likely 
needed to detect differences in PA levels. Further 
studies are warranted to evaluate SCS in combina-
tion with rehabilitation programmes, comprising not 
only physiotherapeutic and PA interventions, but also 
psychological interventions and interventions aimed 
at behavioural change. 
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