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Background: Chronic pain affects a significant portion of the population, and
conventional treatments often prove insufficient. Spinal Cord Stimulation
(SCS), a neuromodulation technique, has shown benefits in pain relief, while
physiotherapy is widely employed to enhance physical function and quality of
life. Although the combination of these approaches may offer synergistic
effects, existing evidence is limited and fragmented.
Objective: This systematic review aimed to evaluate the clinical outcomes of
Spinal Cord Stimulation (SCS), with or without the association of
physiotherapy, in the management of chronic pain in adults. Methodology:
The review was conducted following PRISMA guidelines and the PICO
strategy. A comprehensive search was performed across databases including
Cochrane Library, ScienceDirect, BASE, and VHL (BVS: MEDLINE, IBECS,
WPRIM, LILACS, PERIÓDICO CAPES) using MeSH terms and Boolean
operators: (“Spinal Cord Stimulation” OR “Neuromodulation”) AND (“Chronic
Pain” OR “Pain Management”) AND (“Physical Therapy Modalities” OR
“Physiotherapy” OR “Rehabilitation”). Only studies published in English, Spanish,
or Portuguese in the past 10 years were included, focusing on chronic pain
and reporting outcomes related to pain reduction and functional improvement.
Results: Eight studies comprising 777 patients were included. Spinal cord
stimulation alone led to significant pain reductions, with responder rates above
80% and average decreases of 5–6 cm on pain scales. Improvements in
quality of life and functional disability were also reported, with reductions of
over 30 points in disability indices and up to 40% in opioid use. However, only
one study included physiotherapy as a complementary intervention, without
isolating its effects. No study directly evaluated the combined efficacy of SCS
and physiotherapy, highlighting a gap in the literature.
Conclusion: The findings highlight the proven effectiveness of SCS in chronic
pain management but reveal a lack of studies assessing its integration with
physiotherapy. Future clinical trials should address this gap to explore potential
synergistic effects and optimize interdisciplinary pain treatment strategies.
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1 Introduction

Chronic pain is a prevalent and debilitating condition that

affects a significant portion of the global adult population. Recent

estimates suggest that up to 27.5% of individuals worldwide suffer

from chronic pain, with prevalence rates varying by region and

demographic group (1). This condition exerts a profound impact

on patients’ quality of life, limiting physical function, affecting

mental health, and contributing to significant socioeconomic

burdens due to healthcare costs and loss of productivity (2).

Conventional management strategies for chronic pain typically

include pharmacological interventions—such as non-steroidal anti-

inflammatory drugs (NSAIDs), opioids, and antidepressants—as

well as non-pharmacological therapies like physiotherapy.

However, these approaches often fail to provide sustained relief,

particularly in cases involving neuropathic or complex regional

pain (3). Moreover, long-term opioid use is associated with

the risk of tolerance, dependence, and other adverse effects,

prompting the need for safer and more effective alternatives.

Spinal Cord Stimulation (SCS) has emerged as an increasingly

utilized modality in the treatment of refractory chronic pain. SCS

involves the implantation of electrodes in the epidural space to

deliver electrical impulses that modulate pain signal transmission

at the spinal cord level (4). This form of neuromodulation has

been particularly effective in conditions such as failed back

surgery syndrome (FBSS), complex regional pain syndrome

(CRPS), and peripheral neuropathies (5).

Technological advancements in SCS, including high-frequency

and burst stimulation, as well as closed-loop systems that adapt

stimulation in real time, have significantly enhanced clinical

outcomes. These innovations provide more consistent pain relief

while minimizing side effects like paresthesia, which were

common with older stimulation paradigms (6, 7). As a result,

SCS is gaining traction as a core component of multimodal pain

management strategies.

Parallel to this, physiotherapy remains a cornerstone of chronic

pain rehabilitation. It encompasses a variety of techniques—

including exercise therapy, manual therapy, patient education, and

functional training—designed to reduce pain, restore movement,

and improve overall physical performance (8). Physiotherapy

emphasizes self-management and long-term function, making it a

valuable tool in both early and persistent stages of chronic pain.

The integration of SCS with physiotherapy represents

a promising yet underexplored therapeutic approach. The

rationale behind this combination lies in the potential for

neuromodulation to reduce central sensitization and pain

perception, thereby enhancing the patient’s ability to engage

in rehabilitative exercises and benefit more fully from

physiotherapeutic interventions (9, 10). This synergy could lead

to better outcomes than either modality alone.

Despite the theoretical and clinical promise of combining SCS

and physiotherapy, empirical evidence evaluating their combined

effectiveness remains limited. Existing studies often examine

each intervention in isolation or include small sample sizes,

heterogeneous populations, and variable treatment protocols,

making it difficult to draw definitive conclusions.

This review aims to synthesize current evidence regarding pain

relief, functional improvement, and quality of life outcomes

associated with this integrative approach. The central research

question guiding this study is: What is the effectiveness of Spinal

Cord Stimulation (SCS) combined with physiotherapy in

managing chronic pain in adult patients? The primary objective

of this review is to assess the efficacy of this combined

intervention in reducing pain and improving functionality. As a

secondary objective, the review aims to explore how this

combined approach impacts the quality of life in individuals

living with chronic pain.

2 Methods and materials

This systematic review was conducted to evaluate the effects

of combining Spinal Cord Stimulation (SCS) and physiotherapy

in the management of chronic pain in adults. In the context

of the included studies, physiotherapy was operationalized as

non-invasive physical rehabilitation strategies, encompassing

exercise-based interventions, motor training, and functional

reconditioning programs aimed at improving mobility, reducing

disability, and enhancing quality of life. The review followed

the PRISMA (Preferred Reporting Items for Systematic Reviews

and Meta-Analyses) guidelines to ensure transparency and

reproducibility throughout the process. Additionally, the PICO

strategy was used to structure the research question and guide

the study selection (Table 1): P (Population): Adults with chronic

pain; I (Intervention): Spinal Cord Stimulation (SCS) combined

with physiotherapy; C (Comparison): Not applicable, as the

review focused on describing the effects of a combined

intervention without direct comparison to another approach;O

(Outcome): Reduction in pain intensity and improvement in

physical functionality. Accordingly, the guiding research question

was: “What is the effectiveness of Spinal Cord Stimulation

(SCS) combined with physiotherapy in managing chronic pain in

adult patients?”

A comprehensive literature search was conducted across

multiple academic databases (Table 2), including Cochrane

TABLE 1 PICO strategy.

P Adults with chronic pain

I Spinal Cord Stimulation (SCS) combined with physiotherapy

C Not applicable

O Reduction in pain intensity, functional improvement

TABLE 2 Search strategy by database.

Database Search terms

Cochrane Library (“Spinal Cord Stimulation” OR “Neuromodulation”)

AND (“Chronic Pain” OR “Pain Management”)

AND (“Physical Therapy Modalities” OR

“Physiotherapy” OR “Rehabilitation”)

BASE Same as above

Periódicos CAPES Same as above

BVS – MEDLINE, IBECS,

WPRIM, LILACS

Same as above
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Library, ScienceDirect, Bielefeld Academic Search Engine (BASE),

and CAPES Journal Portal (Periódicos CAPES). Through the

Virtual Health Library (BVS), the following databases were also

accessed: MEDLINE, IBECS, WPRIM, and LILACS. The search

was based on MeSH (Medical Subject Headings) terms: “Spinal

Cord Stimulation”, “Chronic Pain”, “Neuromodulation”, “Physical

Therapy Modalities”, and “Pain Management”. Boolean operators

AND and OR were used to combine terms as follows:

Search strategy was: (“Spinal Cord Stimulation” OR

“Neuromodulation”) AND (“Chronic Pain” OR “Pain Management”)

AND (“Physical Therapy Modalities” OR “Physiotherapy” OR

“Rehabilitation”).

Inclusion criteria consisted of studies published in the last

ten years, written in English, Spanish, or Portuguese, involving

adult patients (≥18 years old) diagnosed with chronic pain,

investigating the combined use of SCS and physiotherapy (in any

of its forms), and reporting outcomes related to pain reduction

and physical function improvement.

Exclusion criteria included studies involving children or

adolescents, those that did not address the primary objective,

review articles, editorials, studies without quantitative data, those

focused exclusively on acute pain or immediate postoperative

recovery, and duplicate studies (identified using the Rayyan tool).

The article selection process involved two phases: first,

screening of titles and abstracts to identify relevant studies;

second, full-text analysis of the selected articles according to the

eligibility criteria. Extracted data were organized into tables

emphasizing chronic pain management and functional outcomes.

The methodological quality of the included studies was assessed

using the Cochrane Collaboration’s risk of bias tool.

The primary objective of this review was to assess the effectiveness

of Spinal Cord Stimulation combined with physiotherapy in managing

chronic pain and improving physical functionality. The secondary

objective was to explore how this combined intervention influences

the quality of life in individuals living with chronic pain.

3 Results

The PRISMA flow diagram illustrates the article selection

process (Figure 1). Initially, 6,710 records were identified from

various databases, including the Cochrane Library, ScienceDirect,

BASE, Capes Journals, BVS, MEDLINE, IBEC, WPRIM, and

LILACS. After removing 340 duplicate records, 6,370 articles

were screened. Of these, 3,568 were excluded for not meeting the

inclusion criteria—2,110 due to being outside the five-year time

frame and 1,458 for not aligning with the thematic scope of the

study. The remaining 2,802 records were screened by title and

abstract, resulting in the exclusion of 2,682 records. A total of

123 full-text publications were assessed for eligibility, of which

114 were excluded for not meeting the inclusion criteria.

Ultimately, 8 studies were included in the systematic review.

The analysis of the selected studies presented in Table 3 reveals

a consistent trend in favor of the use of spinal cord stimulation

(SCS), especially when combined with physical therapy, for the

management of chronic pain.

3.1 Risk of bias assessment

The risk of bias across the eight selected studies was evaluated

using a domain-based approach adapted from the Cochrane Risk of

Bias tool, and the results are summarized in Figure 2. The domains

assessed included selection bias, performance bias, detection bias,

attrition bias, and reporting bias.

Overall, the majority of studies presented low risk of detection

and reporting bias, indicating that outcome measures were clearly

defined and reported with transparency. However, moderate to

high risk of bias was observed in the domains of selection and

performance, particularly in non-randomized studies such as

Ahmadi et al. (11), Al-Kaisy et al. (12) and Elkholy et al. (13),

where the absence of random allocation and blinding of

participants and personnel may have introduced systematic error.

Attrition bias was generally low across studies, except for

Ahmadi et al. (11), which showed unclear risk due to limited

information regarding follow-up completeness. The only sham-

controlled, double-blind trial (14) demonstrated low risk in all

domains except performance bias, owing to the challenge of

maintaining participant blinding beyond the short-term

intervention phase.

Randomized controlled trials such as those by Kallewaard

et al. (15), Kapural et al. (6), Rigoard et al. (16), and

Will et al. (17) displayed low to moderate risk across all

domains, enhancing the reliability of their findings. Nevertheless,

despite methodological robustness in some cases, variability in

study designs, small sample sizes, and absence of pre-registered

protocols in certain studies highlight limitations in internal

validity and comparability. These findings reinforce the need for

larger, methodologically rigorous RCTs with standardized

protocols and longer follow-up to strengthen the evidence base

on spinal cord stimulation for chronic pain.

4 Discussion

From an epidemiological perspective, chronic pain is more

prevalent in women and middle-aged adults, often exacerbated

by social and cultural factors such as limited access to effective

treatments in certain populations. Strategies for managing this

condition include multidisciplinary approaches that combine

medical treatment, psychological support, and lifestyle

interventions, such as physical activity and sleep improvement

practices (18, 19).

The analysis of the seven selected articles reveals consistent and

promising evidence supporting the effectiveness of spinal cord

stimulation (SCS) in the management of chronic pain. Gulisano

et al. (14) and Kallewaard et al. (15) demonstrated in

randomized controlled trials that SCS significantly reduces pain

and enhances quality of life in patients with chronic pancreatitis

and persistent back pain, respectively, with sustained benefits

observed over 24 months in the latter. Elkholy et al. (13) further

corroborated these findings, showing improvements in both

quality of life and decreased opioid consumption in patients with
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failed back surgery syndrome. Will et al. (17) reinforced the

therapeutic advantages of closed-loop SCS, highlighting enhanced

patient experiences and greater functional improvement.

Collectively, these studies underscore the growing body of

literature favoring SCS as an effective intervention for various

forms of chronic pain, while also emphasizing the need for

further long-term and comparative research to optimize

clinical outcomes.

In addition to these studies, the high-frequency 10-kHz

modality of SCS has emerged as a particularly promising

approach. Kapural et al. (6), in a landmark randomized

controlled trial (SENZA-RCT), demonstrated that HF10 therapy

was significantly superior to conventional low-frequency SCS for

the treatment of chronic back and leg pain, with greater

responder rates and sustained efficacy over 12 months, without

inducing paresthesias. Al-Kaisy et al. (12) extended this evidence

by showing long-term efficacy of 10-kHz SCS in a surgery-naïve

population with axial low back pain: patients experienced

marked and sustained reductions in pain and disability, as

well as decreased opioid use, over a 36-month follow-up.

Ahmadi et al. (11) further supported these outcomes in a

cohort of inoperable patients, reinforcing the role of high-

frequency SCS in cases where traditional surgical options are not

viable. Together, these findings expand the applicability of SCS

beyond post-surgical pain and highlight its potential for broader

chronic pain populations.

FIGURE 1

PRISMA flow diagram.
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TABLE 3 Results of article search and selection.

Author Sample Title Type of
Study

Methodology Outcomes Results

AHMADI,

et al. (11)

8 patients

(surgery-naïve;

ineligible for

lumbar surgery)

High-Frequency Spinal

Cord Stimulation in

Surgery-Na€ıve Patients

—A Prospective Single-

Center Study

Prospective cohort

study

Patients with chronic low

back and/or leg pain

underwent high-frequency

SCS trial (10-kHz) for at

least one week. Permanent

implantation followed for

responders. Programming

was adjusted if pain

persisted. Follow-up mean:

306 days (∼10 months).

Daily pain intensity

(numeric rating scale –

NRS) for back and leg

pain; adverse events

NRS for back pain: reduced

from 8.9 ± 0.23 to ∼4.8 →

Δ =−4.1

NRS for leg pain: reduced

from 8.1 ± 0.6 to ∼1.9 →

Δ =−6.2

No formal statistical

analysis or CIs reported due

to small sample

2 patients had IPG site

irritation; both revised

surgically; no infections

AL-KAISY,

et al. (12)

21 enrolled; 20

implanted; 17

completed

36-month follow-

up

Long-Term

Improvements in

Chronic Axial Low Back

Pain Patients Without

Previous Spinal Surgery:

A Cohort Analysis of

10-kHz High-Frequency

Spinal Cord Stimulation

over 36 Months

Prospective, open-

label clinical study

Patients with chronic axial

low back pain and no prior

spine surgery underwent

trial stimulation with

10-kHz HF-SCS. Those with

≥50% pain relief received

permanent implants.

Outcomes were tracked over

36 months.

VAS for back pain,

Oswestry Disability

Index (ODI), opioid

use

From baseline to 36

months:

VAS decreased from 79 ± 12

to 10 ± 12 mm →

Δ =−69 mm

ODI improved from 53 ± 13

to 19.8 ± 13 → Δ =−33.2

points

Opioid use: 18 patients at

baseline vs. 2 at 36 months

No statistical tests or CIs

reported, but magnitude of

change is clinically

significant

GULISANO,

et al. (14)

16 patients with

chronic

pancreatitis and

refractory visceral

pain

A sham-controlled,

randomized trial of

spinal cord stimulation

for the treatment of

pain in chronic

pancreatitis

Randomized,

double-blind,

sham-controlled,

crossover trial

Participants received either

high-frequency (1,000 Hz)

paraesthesia-free SCS or

sham stimulation for two

10-day periods, separated by

a 3-day washout. Pain was

assessed using daily numeric

rating scales (NRS).

Secondary outcomes

included quality of life and

sensory testing. After the

blinded phase, patients

entered an open-label

12-month extension.

Primary: Average daily

pain intensity (NRS)

Secondary: Maximal

daily pain score,

quality-of-life

questionnaires,

quantitative sensory

testing

No significant difference

between SCS and sham in

NRS pain scores: Mean

difference =−0.1; 95% CI

[−1.4 to 1.1]; P = 0.81

Open-label phase showed

significant long-term

improvement in NRS:

From 5.2 ± 1.7 at baseline to

2.9 ± 1.9 at 6 months

(P = 0.001)

No significant differences in

secondary outcomes or QST

in blinded phase

KALLEWAARD,

et al. (15)

112 participants

randomized

(DTM SCS: 55;

CMM: 57)

European randomized

controlled trial

evaluating differential

target multiplexed

spinal cord stimulation

and conventional

medical management in

subjects with persistent

back pain ineligible for

spine surgery: 24-month

results

Prospective,

multicenter, open-

label randomized

controlled trial

(with optional

crossover)

Patients with chronic low

back pain (CLBP) and no

prior spine surgery (PSPS-

T1) were randomized 1:1 to

receive Differential Target

Multiplexed SCS (DTM

SCS) or conventional

medical management

(CMM). Primary endpoint

was the proportion of

responders (≥50% CLBP

reduction) at 6 months.

Secondary measures

included leg pain, functional

disability, quality of life

(QoL), opioid intake, and a

Composite Responder Index

(CRI). Patients were

followed for 24 months.

Primary: ≥ 50% CLBP

reduction (NRS)

Secondary: CRI (pain,

ODI, EQ-5D), opioid

consumption, PGIC,

satisfaction, leg pain

scores

At 6 months, CLBP

responder rate was 80.4%

(DTM SCS) vs. 11.1%

(CMM). Risk

difference = 69.3%; 95% CI

[53.9–84.8]; P < 0.001

CRI ≥80% in DTM SCS

group at 6, 12, and 24

months

Mean pain relief:

5.8 ± 2.2 cm at 6 months;

6.1 ± 2.4 cm at 24 months

Opioid reduction

significantly greater in DTM

SCS group (P = 0.008)

PGIC “very much

improved/much improved”:

89% in DTM SCS vs. 15.8%

in CMM

AE incidence was low and

comparable to prior SCS

studies

(Continued)
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TABLE 3 Continued

Author Sample Title Type of
Study

Methodology Outcomes Results

KAPURAL,

et al. (6)

198 randomized;

171 implanted (88

HF10, 83

traditional SCS)

Novel 10-kHz High-

frequency Therapy

(HF10 Therapy) Is

Superior to Traditional

Low-frequency Spinal

Cord Stimulation for

the Treatment of

Chronic Back and Leg

Pain

The SENZA-RCT

Randomized Controlled

Trial

Randomized

controlled trial

(parallel-arm,

noninferiority)

Multicenter RCT comparing

10-kHz high-frequency SCS

(HF10) vs. traditional low-

frequency SCS in patients

with chronic back and leg

pain. All patients underwent

trial stimulation; responders

(≥50% pain reduction)

received permanent

implants. Follow-up

extended to 12 months.

Primary: ≥ 50% back

pain reduction

(responders).

Secondary: Responder

rate for leg pain,

maintenance of effects,

and paresthesia

occurrence.

At 3 months: Back pain

responders: HF10 = 84.5%

vs. Traditional = 43.8%.

RR = 1.9; 95% CI [1.4–2.5];

P < 0.001.

Leg pain responders:

HF10 = 83.1% vs.

Traditional = 55.5%.

RR = 1.5; 95% CI [1.2–1.9];

P < 0.001

HF10 superiority persisted

through 12 months; no

paresthesias in HF10 group.

ELKHOLY,

et al. (13)

74 patients with

Failed Back

Surgery Syndrome

(FBSS) who

received spinal

cord stimulation

(SCS)

Effect of spinal cord

stimulation on quality

of life and opioid

consumption in patients

with failed back surgery

syndrome

Prospective

observational

cohort study

Patients with FBSS treated

with SCS at a single center

in Germany between 2010

and 2021 were prospectively

assessed. Quality of life

(QoL) and opioid

consumption were evaluated

at baseline and during

follow-up at 6, 12, 24, and

36 months. Instruments

included the EQ-5D and

EQ-VAS, as well as analysis

of prescribed opioid dosages

converted into morphine

equivalents (MEQ/day).

Primary: EQ-5D utility

score and EQ-VAS.

Secondary: Daily

opioid consumption

(mg MEQ), pain

scores, and patient

satisfaction

EQ-5D utility score:

increased from 0.31 ± 0.31

at baseline to 0.55 ± 0.28 at

6 months (Δ = 0.24;

P < 0.001) and maintained

up to 36 months

EQ-VAS: improved from

37.1 ± 18.1 to 56.4 ± 20.4 at

6 months (Δ = 19.3;

P < 0.001)

Opioid use: decreased from

82.6 ± 65.6 mg MEQ/day at

baseline to 49.3 ± 47.2 mg at

6 months (P < 0.001)

Sustained opioid reduction

and QoL improvements

observed at 12, 24, and 36

months

No severe adverse events

related to SCS reported

RIGOARD,

et al. (16)

218 patients with

Failed Back

Surgery Syndrome

(FBSS) and

predominant back

pain

(SCS group:

n = 110; OMM

group: n = 108)

Multicolumn spinal

cord stimulation for

predominant back pain

in failed back surgery

syndrome patients: a

multicenter randomized

controlled trial

Multicenter,

randomized, open-

label, parallel-

group controlled

trial

FBSS patients with

predominant low back pain

were randomized 1:1 to

receive multicolumn spinal

cord stimulation (SCS) plus

optimal medical

management (OMM) or

OMM alone, across 28

international centers.

Patients in the SCS arm

underwent a trial phase,

followed by permanent

implantation upon

successful response. Primary

outcome was assessed at 6

months, with additional

follow-ups at 1, 3, 6, and 12

months. Patients were

allowed to cross over after 6

months.

Primary: Proportion of

patients with ≥50%

reduction in low back

pain (NRS) at 6

months

Secondary: Pain

intensity (NRS),

functional disability

(ODI), health-related

quality of life (EQ-5D),

opioid use, adverse

events

Primary outcome (6-month

responders): SCS

group = 13.6% (15/110) vs.

OMM= 4.6% (5/108). Risk

difference = 9.0%; 95% CI

[0.6–17.5]; P = 0.036.

Secondary outcomes:

Significant improvement in

pain (back and leg), ODI,

and EQ-5D in the SCS

group.

Adverse events in SCS

group: 17.6% (18/102), with

11.8% requiring

reintervention

(Continued)
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TABLE 3 Continued

Author Sample Title Type of
Study

Methodology Outcomes Results

WILL et al. (17) 50 participants

(Closed-loop

ECAP-controlled

SCS: n = 26;

Open-loop SCS:

n = 24)

Improvements in

Therapy Experience

With Evoked

Compound Action

Potential Controlled,

Closed-Loop Spinal

Cord Stimulation—

Primary Outcome of the

ECHO-MAC

Randomized Clinical

Trial

Multicenter,

randomized,

double-blind,

parallel-group

controlled trial

Participants with chronic

trunk and/or limb pain were

randomized 1:1 to receive

closed-loop spinal cord

stimulation (CL-SCS)—

which modulates

stimulation based on real-

time ECAPs—or open-loop

stimulation (OL-SCS). The

primary outcome was the

improvement in therapy

experience [assessed by the

Pain Experience

Questionnaire–Patient

Reported (PEQ-PR)] at 3

months. Secondary

outcomes included pain

intensity (NRS), global

impression of change

(PGIC), quality of life (EQ-

5D), and sleep disturbance.

Primary: Change in

PEQ-PR Total Score

(therapy experience)

Secondary: NRS pain,

PGIC, EQ-5D, sleep,

emotional well-being,

and adverse events

PEQ-PR Total Score

improvement at 3 months:

CL-SCS: + 34.1 vs. OL-

SCS: + 18.1. Mean

difference = + 16.0; 95% CI

[3.3–28.7]; P = 0.014

Higher proportion

reporting “very much

improved/much improved”

in CL-SCS group (80.8% vs.

41.7%; P = 0.007).

Sleep and emotional well-

being also significantly

improved in CL-SCS

No severe device-related

adverse events reported.

Summary of included studies evaluating the effects of spinal cord stimulation (SCS) for chronic pain management across different patient populations. The table details the study authors,

sample characteristics, titles, type of study, methodological approaches, outcome measures assessed, and main results—including effect sizes, confidence intervals (CIs), and statistical

significance where reported.

AE, adverse event; CIs, confidence intervals; CMM, conventional medical management; CLBP, chronic low back pain; CL-SCS, closed-loop spinal cord stimulation; DTM SCS, differential target

multiplexed spinal cord stimulation; ECAP, evoked compound action potential; EQ-5D, euroQol-5 Dimensions (measure of health-related quality of life); EQ-VAS, euroQol visual analogue

scale; FBSS, failed back surgery syndrome; HF10, 10-kHz high-frequency spinal cord stimulation; IPG, implantable pulse generator; LBP, low back pain; MEQ, morphine equivalent dose; NRS,

numeric rating scale; ODI, oswestry disability index; OL-SCS, open-loop spinal cord stimulation; OMM, optimal medical management; PEQ-PR, pain experience questionnaire – patient

reported; PGIC, patient global impression of change; PSPS-T1, persistent spinal pain syndrome type 1 (patients without prior spine surgery); QoL, quality of life; RCT, randomized

controlled trial; SCS, spinal cord stimulation; VAS, visual analogue scale.

FIGURE 2

Risk of bias assessment.
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Chronic pain involves a multifactorial process encompassing

changes in both the peripheral and central nervous systems,

particularly peripheral and central sensitization phenomena.

Peripheral sensitization occurs due to the repeated activation of

nociceptors, typically linked to inflammatory conditions or

injuries. Continuous exposure to inflammatory mediators—such

as prostaglandins, bradykinins, and cytokines—lowers the

activation threshold of sensory nerves, making them more likely

to transmit pain signals even in response to minimal stimuli.

This results in hyperalgesia, where mild stimuli are perceived

as painful (20, 21).

Central sensitization, on the other hand, occurs at the level of

the central nervous system, mainly in the dorsal horn of the spinal

cord and brain structures like the thalamus and somatosensory

cortex. Prolonged exposure to pain signals activates NMDA (N-

methyl-D-aspartate) receptors, increasing neuronal excitability

and decreasing the effectiveness of descending inhibitory systems.

This state perpetuates pain even after the initial stimulus has

resolved. Glial cell activation—particularly astrocytes and

microglia—plays a key role by releasing pro-inflammatory

substances that amplify pain signaling (9, 22).

In addition, the concept of “nociplastic pain” has emerged as a

third category of pain, present in conditions such as fibromyalgia

and irritable bowel syndrome. In this case, there is no apparent

tissue damage or injury to the somatosensory system, but a

dysregulation in pain processing, characterized by altered

descending control and increased central sensitivity (23).

Chronic pain is also associated with psychological and

emotional changes, such as anxiety and depression, which often

exacerbate pain perception. The interaction between the

nervous, endocrine, and immune systems contributes to a

continuous cycle of pain and stress. These biopsychosocial

changes make chronic pain management complex, requiring

multidisciplinary interventions that include pharmacotherapy

(such as antidepressants and anticonvulsants), physiotherapy, and

cognitive behavioral therapy. Innovative approaches like

neuromodulation and mindfulness have shown efficacy in

modulating central pain processing (24, 25).

Beyond physical recovery benefits, spinal cord stimulation

(SCS) has also shown a positive impact on reducing the use of

analgesic medications, especially opioids. Long-term use of these

drugs is often associated with serious side effects, including

dependence, making the combination of SCS and physiotherapy

even more appealing as it offers a non-pharmacological

alternative for pain management (14). The pain relief provided

by SCS may enable patients to engage in rehabilitation activities

that would be difficult or impossible while experiencing severe

pain, such as strengthening and stretching exercises. This not

only improves mobility but may also positively affect the

patient’s mental health, promoting a sense of well-being and

control over their condition.

Although the initial results of this therapeutic combination are

promising, successful implementation of an SCS and physiotherapy

protocol requires a personalized approach and careful monitoring.

Patients with complex chronic pain, such as those with failed

back surgery syndrome, may have specific needs that demand

adjustments in therapy intensity or physiotherapeutic approach.

Physiotherapy must be tailored to the patient’s pain level

and stage of recovery, as performing intense exercises without

adequate pain modulation may be counterproductive (26).

Therefore, collaboration among physiotherapists, pain specialists,

and neurosurgeons is essential to ensure that the treatment plan

is optimized for each patient, considering their individual needs.

Moreover, it is important to recognize that SCS, while effective

in many cases, may not be suitable for all chronic pain patients.

Those with specific contraindications, such as blood clotting

disorders or chronic infections, may not be candidates for SCS

implantation. In such cases, physiotherapy can serve as an

alternative or complementary approach for pain reduction

without surgical intervention (27). Thus, personalized treatment

becomes even more important, and physiotherapy remains a

fundamental, non-invasive therapy with few associated risks and

the potential to provide long-term benefits in pain and

function management.

Given this context, the combination of SCS and physiotherapy

presents a promising strategy for chronic pain management, with

the ability to provide immediate symptomatic relief through

electrical stimulation while promoting functional recovery and long-

term quality of life improvements (28). Although early results are

encouraging, further long-term studies are necessary to confirm the

sustainability of benefits from this combined approach. Personalized

treatment with a rigorous follow-up protocol is crucial to maximize

benefits and ensure patient safety while minimizing the risks

associated with implementing these therapies.

Spinal cord stimulation (SCS) is a minimally invasive technique

used to treat chronic pain, especially in patients with neuropathic

pain. The procedure involves inserting electrodes near the spinal

cord to deliver electrical impulses that modulate nerve activity

and block the perception of pain. This method is particularly

recommended for patients who do not respond to conventional

or surgical treatments (29). The process is usually divided into

several stages, beginning with careful patient selection, during

which factors such as pain duration, medical history, and

previous treatment failures are assessed.

Following this, a preliminary SCS trial is conducted, involving

the temporary insertion of a percutaneous stimulation system. This

trial aims to assess the patient’s response to treatment, adjusting the

intensity and frequency of electrical impulses as needed. If the trial

is successful, the procedure proceeds with the permanent

implantation of the device, which consists of an electrical pulse

generator placed under the patient’s skin—typically in the

lumbar or abdominal region—and connected to the electrodes

positioned near the spinal cord (30).

After implantation, the device is programmed to deliver

electrical impulses, with adjustments to intensity, frequency, and

pulse width to optimize treatment. Continuous monitoring is

essential to adjust the device parameters, ensure treatment efficacy,

and maintain therapeutic effects. SCS has proven to be an effective

solution for patients with chronic pain, especially neuropathic

pain, and is supported by numerous scientific studies (31).

SCS offers a treatment alternative when conventional

approaches fail, providing significant pain relief in many patients.
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Thus, SCS is established as an effective alternative in chronic pain

management, offering a personalized approach aimed at

optimizing pain relief and improving patient quality of life (32).

The association between spinal cord stimulation (SCS) and

physiotherapy is essential for the effective treatment of chronic

pain patients, especially those who benefit from SCS-mediated

pain modulation. Combining these two therapeutic approaches

can significantly enhance clinical outcomes, as physiotherapy

aims to restore physical function and mobility, while SCS helps

control pain (33). However, there are significant challenges to the

effective integration of physiotherapy and SCS, ranging from

technical limitations to issues related to pain treatment itself.

Spinal cord stimulation, by delivering electrical impulses that

modulate pain, can reduce chronic pain perception, enabling

patients to participate more actively in physical rehabilitation

programs. Physiotherapy, in turn, aims to improve muscle

strength, flexibility, coordination, and endurance, as well as joint

functionality and postural control. The combination of SCS and

physiotherapy can result in faster and longer-lasting functional

recovery since reduced pain allows patients to engage more fully

in prescribed physical activities and exercises (34).

SCS has shown a positive impact on pain reduction in patients

with chronic low back pain, facilitating the implementation of

physiotherapy programs. The study highlights that when pain is

adequately controlled, patients can more actively participate in

therapeutic activities, contributing to improved muscle strength

and functional mobility (35). Moreover, combining SCS with

physiotherapy enhances treatment adherence and quality of

life, providing not only pain relief but also increased

functional capacity.

Although the benefits of combining SCS and physiotherapy are

clear, several difficulties exist in coordinating these treatments. One

major barrier is the lack of a clear protocol for integrating the two

approaches. Physiotherapy programs need to be tailored to the

specific conditions of each SCS-using patient, requiring effective

coordination among healthcare professionals. The type of pain,

location of the SCS device implantation, and the patient’s stage

of recovery must all be carefully considered when planning

exercises and physical activities (36).

Furthermore, pain perception can vary among patients, and the

response to spinal cord stimulation (SCS) may not be uniform.

This means that physiotherapy needs to be continuously adjusted

to meet the individual needs of each patient. Residual pain or

pain in areas not controlled by SCS can interfere with the

patient’s ability to effectively perform physiotherapy exercises,

requiring frequent adjustments in techniques and intensity (37).

Another important challenge relates to patient safety and

monitoring during physiotherapy programs. Patients with

implanted SCS devices may face restrictions regarding certain

types of movements or activities involving the spine (38). High-

intensity activities or those involving excessive exertion may

cause complications with the implanted device or even affect the

effectiveness of the stimulation, thus requiring constant

monitoring by physiotherapists.

Despite the challenges, the benefits of combining SCS and

physiotherapy are widely recognized. When both treatments are

effectively combined, there is a substantial improvement in

patients’ quality of life, with pain reduction and increased

functional capacity. Patients who followed a combined SCS and

physiotherapy regimen experienced significant improvements in

mobility, pain control, and autonomy in their daily activities.

This combination enables patients to feel more empowered to

resume their normal routines and, in many cases, reduce their

reliance on analgesics (39).

The integration of SCS and physiotherapy may also result in

better long-term outcomes, with a reduction in complications

associated with chronic pain, such as muscle atrophy and joint

stiffness. Physiotherapy helps maintain muscle function and

prevent joint degeneration, which can occur when patients

become less active due to chronic pain. SCS, by relieving pain,

makes patients more willing to engage in physical activities,

which, when combined with physiotherapy, enhances overall

recovery (40).

Although many patients indicated for spinal cord stimulation

(SCS) have undergone unsuccessful physiotherapy prior to

neuromodulation, emerging evidence suggests that physiotherapy

introduced after pain relief may enhance long-term outcomes

(41, 42). Neuromodulation—whether via SCS or emerging

modalities like multifidus muscle stimulation—can reduce pain

intensity, enabling patients to better tolerate rehabilitative

exercises and potentially improve motor control (43). For

example, restorative neurostimulation of the multifidus has

shown substantial and sustained improvements in pain, disability,

and quality of life, reinforcing the concept of combining

neuromodulation with physical rehabilitation (44–47).

Additionally, narrative reviews in spinal cord injury rehabilitation

have highlighted that combining electrical stimulation with

activity-based training results in superior functional recovery

compared to either approach alone (46, 48, 49).

Despite this theoretical benefit, none of the clinical studies

we reviewed directly compared SCS alone vs. SCS plus

structured physiotherapy, and only one included a physiotherapy

component—delivered as part of a multidisciplinary

rehabilitation program—without isolating its specific contribution

to outcomes, as observed in the prospective cohort by Elkholy

et al. (13), where improvements in quality of life and reduced

opioid use were attributed to SCS, though physiotherapy was also

part of patient management. This highlights a critical gap in

literature and underscores the need for future trials designed to

evaluate the additive or synergistic value of physiotherapy

alongside SCS.

In summary, the combination of SCS and physiotherapy in the

management of chronic pain offers a promising perspective for the

treatment of conditions that do not adequately respond to

conventional therapies. SCS, by acting directly on the modulation

of pain signals in the spinal cord, has proven effective in

reducing chronic pain, especially in cases of persistent low back

pain and post-surgical pain syndrome. However, while SCS may

provide immediate pain relief, it does not fully resolve the

motor and functional impairments often associated with chronic

pain. In this context, physiotherapy emerges as an essential

complement, enabling functional recovery, muscle strengthening,
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and improved mobility, promoting a more comprehensive

patient rehabilitation.

There is a clear need for more clinical investigations into the

effectiveness of SCS combined with physiotherapy. Most existing

studies still focus on a single aspect of treatment—either spinal

cord stimulation or standalone physiotherapy—with little

research addressing the integration of these two therapies and

their synergistic effects. For this approach to be more widely

adopted and validated, it is essential that more multicenter,

controlled, and randomized studies be conducted, with a more

detailed analysis of combined treatment protocols, considering

different types of chronic pain such as low back pain, post-

surgical pain syndrome, and neuropathic pain.
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