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Abstract

Background: Peripheral arterial disease (PAD) is primarily characterized by intermittent claudication (IC), a symptom resulting 
from insufficient oxygen supply to skeletal muscles during physical activity. IC manifests as discomfort in the lower limbs during 
exertion due to muscle ischemia and is typically relieved by rest.

Objectives: To evaluate the effects of noninvasive electrostimulation on walking distance and claudication-related pain in 
individuals with lower limb PAD.

Methods: This systematic review was conducted in accordance with PRISMA guidelines. Clinical trials published in English, 
Portuguese, or Spanish were selected from the MedLine, PEDro, and SciELO databases up to December 2024. The search strategy 
was guided by the PICO framework, using descriptors related to “peripheral artery disease,” “intermittent claudication,” and 
“noninvasive electrostimulation.” Studies were included if they involved human participants diagnosed with PAD and presenting 
with Fontaine stage II intermittent claudication.

Results: Seven clinical trials involving a total of 314 participants (mean age: 66.8 ± 3.6 years) were included. Four types of 
noninvasive electrostimulation were identified: neuromuscular electrical stimulation (NMES), transcutaneous electrical nerve 
stimulation (TENS), functional electrical stimulation (FES), and electroacupuncture. Most studies reported that electrostimulation 
improved both pain-free and maximum walking distances, as well as reduced claudication symptoms.

Conclusion: Noninvasive electrostimulation appears to be a promising adjunctive therapy for individuals with peripheral arterial 
disease, offering potential benefits in symptom relief and walking capacity. Given its safety, low cost, and ease of application, this 
intervention may serve as a practical strategy to complement traditional treatment approaches. However, further high-quality 
clinical trials are needed to establish standardized protocols and optimize clinical outcomes.
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Introduction
The main symptom of peripheral arterial disease (PAD) is 

intermittent claudication (IC),1 which results from an insufficient 
oxygen supply to skeletal muscles during activity.2 IC is 
characterized by discomfort in the lower limbs during physical 
exertion due to muscle ischemia, which subsides with rest.2-6 It 
is associated with gait alterations, reduced functional capacity,7 
and a decline in quality of life among individuals with PAD.8

Regular exercise, whether performed in supervised 
programs or at home, is recommended and has shown positive 
outcomes in enhancing functional capacity in people with 

PAD.6 Clinical trials and meta-analyses3-6,9 have demonstrated 
that supervised exercise programs effectively improve IC 
symptoms and increase walking distance. Among the many 
benefits of exercise, the most notable are improved muscle 
adaptation, enhanced oxidative capacity, reduced reliance on 
anaerobic glycolysis, and decreased lactate accumulation.10

The most current physical exercise recommendation for 
the treatment of IC is walking at an intensity close to the point 
of symptom limitation, performed three times per week for 
at least thirty minutes. A duration of eight weeks is sufficient 
to observe improvements in the functional capacity of these 
individuals.10 While walking is the most recommended and 
effective modality for reducing claudication symptoms, 
other forms of exercise, such as modified aerobic training,11 
resistance training,12 and warm-water exercise therapy,13 
have also been employed and have shown positive results in 
individuals with PAD.

Although the benefits of exercise therapy are well 
established, many individuals with IC remain inactive and 
show low adherence to supervised training programs.14 In one 
study, after a three-month follow-up, only 16% of patients 
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Central Illustration: Effects of Noninvasive Electrostimulation on Symptoms of lower Limb Peripheral 
Arterial Disease: a Systematic Review 
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with IC continued participating in an unsupervised walking 
program.15 One of the main reasons for this low adherence 
is the requirement to walk at an intensity close to moderate 
or maximum claudication symptoms.16 Given the challenge 
of implementing a treatment that induces discomfort in 
individuals with PAD, noninvasive electrostimulation has 
emerged as a safe and low-cost alternative for improving 
physical performance in this population (Central Illustration).14

Noninvasive electrostimulation therapies are typically 
delivered through transcutaneous nerve stimulation, in 
which electric currents are applied via electrodes placed on 
the skin. The resulting stimulus directly affects peripheral 
mechanoceptors.17 Studies in experimental models18,19 have 
shown that low-frequency noninvasive electrostimulation 
promotes increased circulatory activation, enhances 
mitochondrial enzymatic activity, and improves the oxidative 
capacity of type I muscle fibers.20

The technique may also contribute to the acute delay 
of claudication, as it is associated with the inhibition of 
muscle sympathetic activity. The effects produced by 
electrostimulation are similar to those of endogenous 
opioids21 and are closely linked to increased capillary density, 
enhanced resistance to fatigue, and improved oxygen uptake 
in ischemic muscles.20,22-24

Given the strong external validity of this therapy as an 
adjunctive approach to reducing intermittent claudication 
in individuals with PAD, the aim of the present study was 
to evaluate, through a systematic review, the effects of 
noninvasive electrostimulation on walking distance and 
claudication-related pain in individuals with lower limb PAD.

Methods
This systematic review was conducted in accordance with 

the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) methodology.25

Literature search strategy
The literature search was independently performed by 

two researchers and completed in December 2024. No 
restrictions were applied regarding the publication period. 
The primary database used for identifying relevant studies was 
MedLine. Additionally, the SciELO and PEDro databases were 
consulted using the same keywords applied in the MedLine 
search. References from selected articles were also reviewed 
to identify studies not captured through the database search.

Descriptors and their synonyms, as defined by 
the Medical Subject Headings (MeSH), were used to 
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construct the search phrase. In accordance with Item 
4 of the PRISMA methodology, which refers to PICO 
systematization, the following keywords were considered: 
P (Population): “peripheral artery diseases”; I (Intervention): 
“transcutaneous electrical stimulation”; C (Comparison): 
“electrostimulation” AND “functional electrical stimulation”; 
O (Outcome): “intermittent claudication”.

Inclusion, exclusion, and evaluated outcome criteria
We selected human clinical trials published in English that 

examined the effects of noninvasive electrostimulation in 
individuals with PAD and stage II IC according to the Fontaine 
classification. Stage II is defined by muscle pain during 
walking that is relieved by rest. The Fontaine classification 
categorizes PAD into four stages: Stage I (asymptomatic), Stage 
II (intermittent claudication), Stage III (rest pain), and Stage 
IV (ulceration or gangrene). Stage II is further subdivided into 
IIa (pain-free walking distance >200 meters) and IIb (<200 
meters), which reflects functional limitation and helps guide 
treatment planning.

Studies involving individuals with critical lower limb 
ischemia who received invasive electrostimulation, as well 
as review articles—including systematic and integrative 
reviews—were excluded to ensure the analysis focused solely 
on primary clinical trial data. This approach was adopted to 
minimize the risk of data duplication and to enable a direct and 
critical evaluation of study design, intervention parameters, 
and outcomes. By concentrating exclusively on interventional 
trials, the review adheres to PRISMA and Cochrane guidelines 
for systematic reviews assessing the effectiveness of therapeutic 
interventions. Protocols, case series, and letters to the editor 
were also excluded.

Data extraction
The articles identified through the search strategy were 

analyzed by two independent researchers in the following 
stages: (1) title screening; (2) abstract screening; and (3) full-
text reading when the abstract was relevant to the topic or 
insufficient to determine eligibility. Each step of the review 
process was conducted independently by two reviewers 
(APF and TCR), and the results were compared. In cases of 
disagreement, a third reviewer (DRR) was consulted to resolve 
discrepancies and make the final decision.

Risk of Bias Assessment in Included Studies
The risk of bias in the included studies was independently 

assessed by two authors. Following the recommendations 
of The Cochrane Collaboration’s “Risk of Bias” tool,26 the 
following domains were evaluated: random sequence 
generation, allocation concealment, blinding of participants 
and personnel, outcome assessment blinding, incomplete 
outcome data, selective reporting, and other potential sources 
of bias (e.g., significant imbalance between participant groups 
or bias related to examiner or caregiver inexperience). Each 
criterion was classified as having a low risk of bias, high risk of 
bias, or an unclear risk of bias (due to insufficient information 
or uncertainty regarding potential bias). Any discrepancies 
between the reviewers were resolved by consensus.

Results
The search strategy identified 25 studies (Figure 1). After 

applying the predefined inclusion criteria, seven studies were 
selected, comprising a total of 314 participants with a mean 
age of 66.8 ± 3.6 years. All participants presented with 
intermittent claudication (Fontaine stage II), which was the 
focus of this review. Although inclusion criteria varied across 
studies, the presence of an ankle-brachial index (ABI) < 0.90, 
stable IC, and limited walking capacity (Fontaine stage II) was 
a consistent requirement.

A summary of the studies and their main findings regarding 
the use of noninvasive electrostimulation for the treatment 
of IC is presented in Table 1. Analysis of the data reveals 
that most studies reported a positive effect of noninvasive 
electrostimulation on walking performance, particularly in 
terms of increased pain-free and maximum walking distances. 
Low-frequency transcutaneous electrical nerve stimulation 
(TENS) and neuromuscular electrical stimulation (NMES) were 
the modalities most consistently associated with functional 
improvement. Studies with longer intervention durations 
or stimulation applied to multiple muscle groups tended to 
show more pronounced effects. Notably, few studies reported 
adverse events, indicating that these modalities are generally 
safe and well tolerated. Collectively, these findings support 
the potential clinical utility of noninvasive electrostimulation, 
particularly for patients with limited access to or tolerance for 
traditional exercise therapy.

Quality of evaluation
The Cochrane Collaboration tool was used to assess the 

risk of bias in the included studies. The reviewers’ judgments 
for each domain are presented in Figure 2 as percentages and 
detailed in Figure 3 for each individual study. Five of the seven 
studies were classified as having an “unclear risk” of selection 
bias due to inadequate random sequence generation and lack 
of allocation concealment.22,27-30 Performance bias in the five 
randomized studies was also rated as “unclear risk,” as none 
of them employed a double-blind design. Attrition bias was 
considered low, given the minimal dropout rate reported in 
one study.31 Publication bias was not formally assessed due to 
the limited number of studies and insufficient data to construct 
funnel plots.

Discussion
The results of this review indicate that noninvasive 

electrostimulation applied to the skeletal muscles of 
individuals with PAD can help reduce pain associated with 
intermittent claudication and improve functional capacity. 
These findings align with existing literature, such as the 
systematic review by Jéhannin et al.,32 which also examined 
the use of electrical stimulation in patients with PAD. 
However, our analysis differs by employing more stringent 
inclusion criteria, focusing exclusively on randomized 
controlled trials involving therapeutic interventions, and 
encompassing a range of noninvasive electrostimulation 
modalities. This approach enabled a more robust evaluation 
of the effects on pain and functional capacity, particularly in 
the context of intermittent claudication.
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Most studies applied noninvasive electrostimulation to the 
plantar flexor muscles,27-31 and low-frequency stimulation – 
regardless of the application site – proved to be an effective 
option for increasing the distance walked until the onset of 
maximum claudication. Both acute stimulation using TENS and 
chronic stimulation demonstrated significant improvements in 
pain-free walking distance.27,29

Four types of noninvasive electrostimulation were 
identified: NMES,22,27 TENS,29,30 functional electrical 
stimulation (FES),28,31 and electroacupuncture.33 Each modality 
operates with distinct electrical parameters and is believed 
to enhance walking ability by acting through vascular and/or 
non-vascular mechanisms. Proposed hypotheses for symptom 
improvement and pain relief in individuals with PAD include 
increased capillary density, transformation of muscle fibers to 
more oxidative types, analgesic effects, and reduced peripheral 
sympathetic activity.29,34

Seenan et al.30 demonstrated that low-frequency TENS 
applied to the gastrocnemius muscle significantly increased 
both initial and absolute claudication distances compared 
to placebo. These results suggest that even acute sessions 
of noninvasive electrostimulation may temporarily enhance 

peripheral perfusion or reduce pain perception, potentially 
via activation of endogenous opioid pathways. These findings 
support the proposed analgesic mechanisms of TENS and 
highlight its potential role as a pre-exercise or rehabilitation 
support strategy. However, the lack of long-term follow-up 
limits conclusions regarding its sustained clinical benefits.

In contrast, using a similar protocol, Labrunée et al.29 
observed that TENS applied at 10 Hz to the gastrocnemius 
and quadriceps regions significantly delayed the onset of pain 
compared to placebo. This finding supports the hypothesis 
that low-frequency stimulation may preferentially modulate 
afferent nociceptive input and enhance ischemic muscle 
metabolism. The inclusion of the quadriceps as an additional 
stimulation site may have contributed to greater muscle 
recruitment, thereby improving walking tolerance. These 
results provide a rationale for exploring multi-site stimulation 
protocols in future clinical trials.24,35

The study by Anderson et al.27 offered valuable insights 
by demonstrating that short sessions of electrical muscle 
stimulation (EMS) can increase arterial blood flow in 
symptomatic limbs without inducing ischemia or muscle 
discomfort. This supports the vascular mechanism of benefit 

Figure 1 – Flowchart of the study selection process. 
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Figure 2 – Proportion of studies with each level (‘low risk’, ‘high risk’, and ‘unclear risk’) of bias for each bias item. Green: low risk; 
yellow: unclear risk; red: high risk of bias.

Low risk of bias High risk of biasUnclear risk of bias

0% 25% 75%50% 100%

Figure 3 – Review of authors’ judgements about each risk of bias 
item for each included study. Green and (+): low risk; yellow and 
(?): unclear risk; red and (–): high risk of bias.
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del Rio Sola and Puerta (2019) 

Embrey et al. (2017)
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associated with electrostimulation and suggests its potential use 
in early rehabilitation stages or in patients who are intolerant 
to exercise. However, the absence of claudication distance 
measurements and the short duration of the intervention limit 
the generalizability of these findings.

Another type of noninvasive electrostimulation identified 
was auricular nerve stimulation via electroacupuncture.33 
Although not widely used, it has shown promise as a 
conservative therapeutic alternative for improving the 
quality of life in individuals with PAD at Fontaine stage II, 
demonstrating benefits in walking speed and stair-climbing 
ability. In another study that applied this technique during 
the postoperative period following revascularization surgery, 
electroacupuncture also played a significant role in reducing 
postoperative pain and vascular reactivity.36

Although noninvasive electrostimulation is generally 
considered safe and easy to administer, its application must 
account for the absence of specific contraindications. These 
include the presence of peripheral neuropathy – particularly 
reduced sensitivity in areas where electrodes are placed – 
pregnancy, cardiac pacemakers, epilepsy, and known allergies 
to electrode materials.37

Finally, in studies involving noninvasive electrostimulation 
for PAD, there remains a shortage of research conducted 
in human models. It is important to note that each type of 
noninvasive electrostimulation may produce distinct effects 
through vascular and/or non-vascular mechanisms, depending 
on the type of stimulus and programming parameters used. 
Other forms of electrostimulation were identified but excluded 
from this review because they addressed outcomes outside its 
scope – specifically, studies involving patients at Fontaine stages 
III and IV or those using invasive spinal electrostimulation.

Although the included studies involved participants with 
clinically well-defined PAD and employed standardized 
diagnostic criteria, the small sample sizes and limited diversity 
in demographic and clinical profiles restrict the external 
validity of this review. Caution is warranted when generalizing 
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these findings, particularly to populations with comorbidities 
not addressed in the original studies, such as diabetes, obesity, 
or coronary artery disease. Further large-scale trials with broader 
inclusion criteria are needed to enhance the generalizability and 
clinical applicability of the results.

Limitations of the Study
One limitation of the present study is the variability in the types 

of electrical stimulation applied to the lower limbs of individuals 
with PAD, each of which may produce different physiological 
effects depending on the intended therapeutic goal. Additionally, 
the absence of appropriate control groups was a significant source 
of bias in most of the studies included in this review.

Strengths of the study
A notable strength of this study is its high external validity. 

Noninvasive electrostimulation – the focus of this investigation 
– was shown to be a safe, low-cost, and easy-to-administer 
technique, despite being applied with varying parameters and 
modalities. Its potential for broad clinical application makes it a 
valuable tool for reducing barriers and improving adherence to 
supervised exercise programs among patients with PAD.

The findings of this systematic review suggest that noninvasive 
electrical stimulation modalities may offer clinical benefits for 
patients with peripheral arterial disease (PAD), particularly in 
improving pain management and exercise tolerance. However, 
the variability in stimulation protocols, limited follow-up periods, 
and absence of long-term outcome data limit the generalizability 
of these results. Future studies should adopt standardized 
stimulation parameters, include larger and more diverse sample 
populations, and assess long-term efficacy. Two protocols 
already registered for ongoing or planned trials (Trial registration 
number: ACTRN12621001383853 and ClinicalTrials.gov ID: 
NCT02678403) underscore the importance of rigorous study 
design and reporting standards to strengthen the evidence base 
for neuromodulation strategies in PAD rehabilitation.

Conclusion
The results of this review indicate that noninvasive 

electrostimulation of the lower limbs may help reduce 
claudication-related pain when used alongside conventional 
therapeutic measures for treating IC, such as supervised exercise, 
pharmacological interventions, and lifestyle modifications. 
Additionally, its effects may contribute to increased walking 
distance in this patient population, positioning it as a low-cost 
adjuvant therapeutic option for individuals with symptomatic PAD.

However, further randomized clinical trials with lower 
risk of bias are needed to determine the most effective 

modality, as variations in stimulation parameters—such as 
frequency, wavelength, and application site – can lead to 
differing outcomes. Moreover, the selection of noninvasive 
electrostimulation therapy should be tailored to the individual 
needs of each patient.
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