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Abstract
Background  Transcutaneous electrical stimulation after breast cancer surgery has been utilized for various purposes, but 
the full efficacy of this treatment approach on postoperative symptoms remains unclear.
Aim  This study aimed to answer the question: Does transcutaneous electrical nerve stimulation significantly impact post-
operative patient outcomes in individuals undergoing breast cancer surgery?
Methods  A systematic review of randomized controlled trials was conducted. Because of the limited number of studies 
included, it was not feasible to perform a meta-analysis. English-language publications from 2013 and 2024 that investigated 
the effects of transcutaneous electrical stimulation in breast cancer surgery patients were included. Electronic databases such 
as Web of Science, PubMed, Scopus, EBSCO, ScienceDirect, Cochrane Central Register of Controlled Trials, and Wiley 
Online Library were searched. Two independent investigators assessed the studies using the revised JBI risk of bias tool. 
Data from randomized trials were extracted by two researchers using the Cochrane data collection tool.
Results  Our comprehensive literature review identified 251 studies. After rigorous assessment, 12 articles met our inclusion 
criteria. Title and abstract screening excluded seven studies that did not involve surgery, used treatments other than TENS, 
included acupuncture, or did not measure pain outcomes. Among these, five studies involving 776 patients examined the 
effects of transcutaneous electrical stimulation on pain management in breast cancer surgery. In all of the studies reviewed, 
transcutaneous electrical stimulation had a beneficial effect on postoperative pain.
Conclusion  Transcutaneous electrical stimulation has significantly alleviated pain associated with breast cancer surgery. This 
therapeutic modality has improved patient satisfaction with analgesia by relieving pain; reducing analgesic use; reducing 
postoperative nausea and vomiting; increasing blood levels of IL-2, IFN-γ, and IL-2/IL-4 ratio; and reducing skin sensitivity. 
Transcutaneous electrical stimulation devices may improve postoperative patient outcomes and enhance the recovery process 
in people undergoing breast cancer surgery. The results of this study are limited by heterogeneity and the small number of 
included studies. Future research should prioritize standardization of intervention procedures and investigation of the long-
term effects of TENS in postoperative care.
Registration  This study was registered in the PROSPERO registration system under the number CRD42024523558.
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Introduction

Breast cancer is the most commonly diagnosed can-
cer worldwide, accounting for approximately 12% of all 
cancer cases [1]. Surgical treatment is a crucial aspect of 
breast cancer treatment, involving either partial or complete 
removal of breast tissue depending on the cancer spread and 
tumor size [2, 3]. Patients undergoing breast surgery often 
experience symptoms and psychosocial issues such as post-
operative pain, decreased quality of life, lymphedema, arm 
numbness, stiffness, and limited shoulder range of motion 
[4]. A multidisciplinary approach that considers physical, 
psychological, social, and vocational rehabilitation is neces-
sary to maintain and enhance patients’ quality of life. Pro-
moting early functional recovery and prevention complica-
tions are crucial to accelerating the recovery process and 
help individuals reintegration into daily life without limita-
tions. A combination of different methods is recommended 
for postoperative care following breast cancer surgery to 
achieve these goals [5].

Transcutaneous electrical nerve stimulation (TENS) 
is a non-pharmacological treatment method known for its 
enhanced analgesic effect after mastectomy [6–8]. TENS 
has peripheral and central mechanisms that contribute to 
the reduction of hyperalgesia. The peripheral mechanism of 
TENS produces an analgesic effect by reducing the excit-
ability of nociceptors in the application area. High-frequency 
TENS reduces substance P levels, while low-frequency 
TENS acts through peripheral opioid and adrenergic recep-
tors and can increase blood flow. The central mechanism of 
TENS involves the formation of a complex network of neu-
rons to reduce pain. TENS activates large-diameter afferent 
fibers, such as A-beta fibers, which inhibit nociceptive signals 
at the spinal cord level through the gate control mechanism. 
This input is then sent to the central nervous system and trig-
gers inhibitory systems that reduce hyperalgesia [9, 10].

The Transcutaneous Electrical Acupuncture Stimulation 
(TEAS) method is a contemporary therapeutic modality that 
combines the stimulation of acupuncture points with trans-
cutaneous electrical nerve stimulation (TENS). The funda-
mental principle of TEAS is the stimulation of sensory nerve 
endings along acupuncture meridians through the applica-
tion of low-voltage electrical current. This modality exerts 

its biological effects through various molecular pathways, 
including the release of endogenous opioids [11, 12], which 
may inhibit pain transmission [13], improve local circulation 
[14], and enhance immunity [6]. Preoperative application of 
TEAS has been associated with better quality of life, reduced 
pain severity, and increased patient satisfaction [15]. How-
ever, more research is needed to determine the efficacy and 
safety of TEAS for postoperative pain management [16]. 
However, strong clinical evidence considering the effects of 
TENS or TEAS in the assessment of patient outcomes after 
breast cancer surgery is still lacking.

This study aimed to systematically review recent litera-
ture on transcutaneous electrical stimulation methods (TENS 
and TEAS) in patients undergoing breast cancer surgery, 
with a focus on postoperative outcomes.

Methods

Study design

This study is a systematic review of randomized controlled 
trials conducted in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guidelines 
(PRISMA) [17].

Literature search

In this study, we searched electronic databases, including 
Web of Science, PubMed, Scopus, EBSCO, ScienceDi-
rect, Cochrane Central Register of Controlled Trials, and 
the Wiley Online Library between March and April 2024, 
using the keywords provided in Table 1. We combined the 
keywords with boolean operators “AND” and “OR.” Two 
researchers independently conducted the literature search, 
with the third researcher consulted in cases of disagreement. 
This study was registered in the PROSPERO (protocol num-
ber: CRD42024523558).

Inclusion criteria

The PICOS (P, population; I, interventions; C, compara-
tors; O, outcomes; S, study designs) approach was used 

Table 1   Search strategy

Search Keywords

#1 “mastectomy” OR “breast neoplasms” OR “breast cancer” OR “breast cancer surgery” OR “breast conserving therapy”
#2 “TENS” OR “Transcutaneous Electrical Nerve Stimulation” OR “electric stimulation” OR “Electrotherapy” OR “transcu-

taneous electrical acupoint stimulation” OR “TEAS”
#3 “Randomized control trial” OR “Randomized controlled trial” OR “Randomized” OR “controlled clinical trial” OR “RCT”
#4 #1 AND #2 AND #3
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to formulate the research question and identify keywords. 
Study participants (P) were patients older than 18 years 
undergoing surgery for breast cancer. Interventions (I) 
included transcutaneous electrical nerve stimulation 
(TENS) and transcutaneous electrical acupoint stimula-
tion (TEAS) therapies applied to cancer patients. TENS 
and TEAS were included as search terms to ensure a com-
prehensive review of both techniques. While similar in 
employing electrical stimulation, TENS and TEAS differ in 
application points and mechanisms. The control (C) group 
received standard care, placebo, and sham TENS meth-
ods. The outcome variables of the study included symp-
toms. The primary outcome is pain symptom. Secondary 
outcomes included patient satisfaction, reduced analgesic 
consumption, alleviated postoperative nausea and vomit-
ing, preserved cellular immune function, and relieved skin 
sensitivity. The studies included in this systematic review 
were randomized controlled trial (RCT) designed (S) stud-
ies. When assessing the effects of interventions, non-rand-
omized studies are likely to have more potential bias than 
randomized studies, so only randomized controlled trials 
were considered in this study [18]. According to the PICOS 
strategy, the research question was “Does transcutaneous 
electrical nerve stimulation significantly impact postop-
erative patient outcomes in individuals undergoing breast 
cancer surgery?” Studies that met at least 1 of the following 
criteria were excluded:

(1)	 Written in languages other than English. This decision 
was necessary to maintain methodological consistency 
and ensure accurate interpretation of results

(2)	 Abstracts/posters
(3)	 Published in non-peer-reviewed journals
(4)	 Dissertations, letters, committee reports, conference 

proceedings, short articles, and expert opinions
(5)	 Systematic reviews
(6)	 Using non-electrical stimulation strategies

In this study, only randomized controlled trial articles 
were considered. Only studies published in English between 
2013 and 2024 were included specifically; studies focusing 
on applying electrical stimulation to patients after breast 
surgery were included.

Quality assessment

The Joanna Briggs Institute (JBI) quality assessment tool 
developed for randomized controlled trials was utilized to 
assess the studies’ quality [19]. The JBI Quality Assessment 
tool for RCTs comprises 13 items, each rated as “yes,” “no,” 
“uncertain,” or “not applicable.” This checklist focuses on 
risks of selection, performance, detection, and attrition bias 

regarding internal and external validity. The bias risk assess-
ment was conducted independently by two researchers and 
reviewed by a third researcher in case of any disagreements 
during the assessment.

Data extraction and synthesis

After completing the search in the databases, the studies to 
be included were identified by removing duplicate publica-
tions using a program (https://​www.​rayyan.​ai/). Two inde-
pendent researchers conducted data extraction. In addition 
to the study design, sample size, participant characteristics, 
details of the electrical stimulation, application protocols, 
primary and secondary outcome measures, effect size with 
95%CI, and side effects were also extracted.

Data analysis

After completing the data extraction process from the stud-
ies that met the inclusion criteria, the effect size was calcu-
lated using Hedge’s g in the Comprehensive Meta-Analysis 
(CMA) (version 4) software to evaluate the data’s suitability 
for meta-analysis. The random effects model was initially 
employed for analysis. The small number of included studies 
and their significant methodological heterogeneity limited 
the feasibility of a meta-analysis. Instead, effect size (ES) 
is reported for primary and secondary outcomes in indi-
vidual studies. The effect sizes were categorized according 
to Cohen’s d as small (0.2–0.5), medium (0.5–0.8), or large 
(> 0.8) and were provided with 95% confidence intervals 
(95% CI). A significance level of p < 0.05 was considered 
for all analyses.

Results

Study selection

Two hundred fifty-one articles were found due to the search 
strategy. After removing duplicate publications (n = 83), 12 
studies that met the inclusion criteria [5–7, 20–28] were 
evaluated in terms of eligibility. When the titles and abstracts 
of these studies were scanned, studies that did not include 
surgical intervention, applied other treatments in addition 
to TENS therapy in the intervention group, applied needle 
acupuncture, and did not include pain outcome parameters 
were excluded. It was decided to include five articles in the 
review (Fig. 1).

Study characteristics

The included studies were published between 2017 and 
2024. The studies addressed the effects of TENS and TEAS 

https://www.rayyan.ai/
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in the management of pain after breast surgery in a total 
of 776 patients. Included were randomized controlled tri-
als from Brazil [5], China [6, 23], Turkey [7], and Egypt 
[21]. The sample size of the studies varied between 30 and 
568 (mean = 155). In all of the studies, pain intensity was 
the primary outcome parameter, and besides analgesic con-
sumption, endotracheal intubation time, patient satisfaction, 
sleep quality, postoperative nausea-vomiting, perioperative 
immunity, skin sensitivity, and nerve conduction were evalu-
ated. Except for one study [16], pain intensity was assessed 
according to VAS in all studies and the effect sizes were 
statistically significant at 0.52 (95% CI 0.08 to 0.97) medium 
effect [7], − 0.25 (95% CI − 0.45 to − 0.05) small effect [23], 
and 1.10 (95% CI 0.35 to 1.85) large effect [21], respectively. 
In Mendonça et al. study, the ES was − 0.21 (95% CI − 0.89 
to 0.46) small effect [5], and not statistically significant. The 
study by Ao et al. calculated the ES based on the frequency 
of analgesic consumption and found it to be 1.46 (95% CI 
0.91 to 2.01) large effect [16] (Table 2). The common ES 
of the studies [5, 7, 21, 23] according to pain intensity was 
determined to be a small effect of 0.25 (95% CI − 0.35 to 
0.84) (p > 0.05) and was not statistically significant (Fig. 2).

Methodological quality

The risk of bias assessment for the five included studies is 
described in Table 3. One study had low overall quality and 
was at high risk of bias related to intervention/exposure manage-
ment and selection and allocation [21]. In this study, although 

it is stated that the participants were randomly assigned to the 
intervention and control groups, the randomization method is 
not mentioned. Therefore, the selection and allocation process 
remains unclear [21]. In two of the studies, the allocation of par-
ticipants to intervention and control groups was not concealed 
[21, 23]. Only one of the included studies was participants 
blinded to treatment assignment [5]. It was observed that partici-
pants and those delivering treatment blinding was not performed 
in most studies [6, 7, 21, 23]. Only one of the reviewed studies 
was outcome assessors blinded to treatment assignment [21].

Characteristics and application of TENS therapy

In one of the reviewed studies, electrodes were applied 
around the drain in the surgical field [7], in three studies 
to acupuncture points on the arms or legs [5, 6, 23], and 
in one study to acupuncture points on the medial knee and 
medial malleolus [21]. During TENS application, acupunc-
ture points were stimulated—intensely in two of the studies 
[6, 23] and biphasically and asymmetrically in one study 
[5]. The waveform used in the two studies was not specified 
[7, 21]. In the study by Erden et al. [7], a high frequency of 
85 Hz was used, while a low frequency of 2 Hz and 10 Hz 
for two cycles was used in the study by Lu et al. [23]. In the 
study by Ao et al., a burst-type frequency of 2–100 Hz was 
used [6]. In the study by Elshinnawy et al., a low frequency 
of 15 Hz was used [21], and a high frequency of 100 Hz was 
used in the study by Mendonça et al. [5]. TENS was applied. 

Fig. 1   PRISMA 2020 flow chart
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The duration of TENS application was 20 min in two studies 
[5, 7] and 30 min in three of the studies [6, 21, 23]. Stimula-
tion was performed in the first 24 h [7] without preoperative 
anesthesia [23], starting preoperatively and continuing for 
the first 3 days postoperatively [6], and in two studies, three 
times a week postoperatively applied [5, 21] (Table 4).

Postoperative effects of TENS therapy

Pain relief

Only two of the studies included information about pre-treat-
ment pain; Lu et al. reported the number and percentage of 
patients who experienced preoperative pain at the surgical 
site, Elshinnawy et al. reported the severity of pain before 

and after treatment [21, 23]. In all of the studies reviewed, 
transcutaneous electrical stimulation had a beneficial effect 
on postoperative pain [5–7, 21, 23]. In Erden et al., a statisti-
cally significant difference was found between the interven-
tion and control groups in favor of the intervention group in 
terms of experiencing less pain in the first 24 h, perform-
ing activities such as turning, sitting, repositioning in bed, 
engaging in out-of-bed activities like walking, sitting on a 
chair, standing at the sink, falling asleep, and staying asleep 
(p < 0.05). Additionally, it was observed that the number of 
people who experienced very severe pain in the first 24 h 
was higher in the control group [7].

In Lu et  al.’s study, pain was reported in 30.5% of 
the combined acupoint group, 35.4% of the single acu-
point group, and 39.9% of the sham group in the third 

Fig. 2   Comparison of pain intensity between intervention and control groups according to the VAS scale

Table 3   Critical appraisal checklist for randomized controlled studies

Internal Validity

Statistical

conclusion 

validity

Bias related to 

selection and 

allocation

Bias related to 

administration of 

intervention/exposure

Bias related to 

assessment, 

detection, and

measurement of 

the outcome

Bias 

related to 

participant 

retention

Studies 1 2 3 4 5 6 7 8 9 10 11 12 13

Mendonça,

2017 [5]
Y Y Y Y Y Y Y Y Y Y Y Y Y

Ao, 2021[6] Y Y Y N N Y Y Y Y Y Y Y Y

Erden,2022 [7] Y Y Y N N Y Y Y Y Y Y Y Y

Elshinnawy,

2024 [21]
U N Y N N Y N Y Y Y Y Y Y

Lu, 2021 [23] Y N Y N N Y Y Y Y Y Y Y Y

Green indicates yes, red signifies no, and yellow represents unclear
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postoperative month in patients with breast cancer who 
underwent TEAS after mastectomy (p < 0.05) [23]. At the 
sixth postoperative month, 22.1% of the combined acupoint 
group, 36.4% of the single acupoint group, and 34.6% of the 
sham group reported pain. However, there was no statistical 
difference between the groups regarding the NRS pain score 
of patients reporting pain at the postoperative sixth month 
(p > 0.05). Pairwise comparison showed that patients in the 
combined acupuncture points group had a lower NRS score 
than the sham group at postoperative three months (p < 0.05; 
risk ratio, 95% CI − 0.56 [− 1.01, − 0.11]). At 6 months post-
operatively, the combined acupoint group had a lower pain 
score than the single acupoint group (p < 0.05; risk ratio, 
95% CI 0.72 [0.55, 0.93]) and the sham group (p < 0.05; risk 
ratio, 95% CI 0.68 [0.52, 0.89]).

In the study by Ao et al. [6], it was reported that post-
operative pain scores were significantly lower in the TEAS 
group at 12 and 24 h postoperatively compared to the sham 
group. However, the difference at 4 and 48 h postoperatively 
was not statistically significant. In the study, opioid analge-
sic demand and consumption from the PCA pump were sig-
nificantly lower in the TEAS group compared to the sham 
group in the postoperative 48 h. When the groups were 
compared, the incidence of postoperative nausea, vomiting, 
and headache was significantly lower in the TEAS group. 
However, there was no statistically significant difference 
in the incidence of pruritus and dizziness between the two 
groups [6].

In another study, intraoperative remifentanil consumption 
was significantly lower in the combined acupuncture TEAS 
group compared to the sham group (p < 0.001, 95% CI − 0.21 
[− 0.34, − 0.07]). The first postoperative verbal response 
(p > 0.05) and time to endotracheal extubating (p > 0.05) 
did not differ in the combined acupuncture group and the 
single acupuncture group compared to the sham group [23].

The NRS pain score at rest (p = 0.12) and during cough-
ing (p = 0.49) did not show a statistically significant differ-
ence between the three groups. There was no statistical dif-
ference between the groups regarding postoperative rescue 
analgesic requests and patient satisfaction scores [23].

Studies were analyzed in terms of pain control in the process 
of TENS application after breast surgery. In one of the stud-
ies, diclofenac 75 mg intramuscularly on postoperative day 0, 
paracetamol 500 mg tablet twice on postoperative day 1, and 
paracetamol were administered as needed until discharge [7]. 
Two of the studies used sufentanil for patient-controlled postop-
erative analgesia [6, 23]. Two studies did not include information 
on analgesia application [5, 20] (Table 2). One of the reviewed 
studies concluded that TENS reduced pain due to chemother-
apy-induced diabetic peripheral neuropathy after mastectomy, 
but the cold application was more effective than TENS [21].

Nausea and vomiting

In one study, the incidence of nausea and vomiting after the 
first postoperative day was 18.4% in the combined acupunc-
ture TEAS group, lower than 29.8% in the single acupoint 
TEAS group (p = 0.004; risk ratio, 95% CI 0.71 [0.53, 0.94]) 
and 36.2% in the sham group (p < 0.001; risk ratio, 95% CI 
0.60 [0.45, 0.81]). The nausea and vomiting score in the com-
bined acupuncture group was lower than in both the single acu-
point and sham groups (p < 0.001). However, further analysis 
revealed that the incidence of nausea differed between groups 
(p < 0.001), but the incidence of vomiting did not (p > 0.05). 
TEAS is associated with lower analgesic consumption and 
lower postoperative nausea and vomiting scores in patients 
undergoing radical mastectomy under general anesthesia [23].

Patient satisfaction

Patients in the intervention group with TENS application 
showed a higher patient satisfaction rate than the control 
group [7]. Additionally, it was shown that there was a mod-
erate, positive, and meaningful relationship between the 
level of pain relief participation in treatment and patient 
satisfaction with analgesia [7]. In one of the included stud-
ies, the patient satisfaction scores were similar between the 
intervention and control groups [23].

Immune function

In one study, TEAS protected cellular immune function 
and reduced postoperative opioid-related side effects [6]. 
Ao et al. demonstrated that TEAS preserved cellular immu-
nity in mastectomized patients. Although the baseline levels 
of IL-2, IL-4, and IFN-γ before stimulation were similar 
between the two groups, serum levels of IL-2, IFN-γ, and 
IL-2/IL-4 ratio were higher in the TEAS group compared to 
the sham group at 24 and 48 h postoperatively [6].

Quality of life

Although similar to placebo, TENS reduced the intensity 
of dysesthesia after breast surgery but did not significantly 
change the quality of life compared to placebo [5].

Side effect

Only one of the studies reviewed did a patient report skin 
discomfort at the acupuncture points where the TEAS elec-
trodes were applied [23]. Other studies have not reported 
any side effects related to electrical stimulation [5–7, 21].
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Discussion

TENS is preferred for pain management worldwide because 
it is inexpensive, noninvasive, self-administered, and has no 
potential for toxicity or overdose. TENS can be used in com-
bination with medications without potential interactions, and 
in many countries, TENS devices can be purchased over the 
counter from pharmacies or online [29].

This review is the first study to evaluate the clinical effi-
cacy of transcutaneous electrical stimulation after breast 
surgery. In this review, we examined the effects of TENS 
application compared to standard treatment or sham TENS 
on postoperative pain in patients undergoing breast sur-
gery [5–7, 21, 23], patient satisfaction [7, 23], analgesic 
consumption [6, 23], nausea and vomiting score [5, 7, 23], 
endotracheal intubation time and first verbal response time 
after extubating [23], perioperative immunity [6], nerve con-
duction in patients who develop peripheral neuropathy [21], 
and cutaneous sensitization in the dermatome and quality 
of life [5].

A total of five randomized controlled trials met the 
inclusion criteria; all of this included randomization, but 
the randomization process was unclear in one of the trials 
[21]. Performance bias is at the heart of the debate about 
the quality of studies on TENS. Strategies for assessing the 
blinding of participants and practitioners have differed in 
previous reviews, with some reviewers arguing that TENS 
studies always have a high risk of bias because it is not pos-
sible to blind participants to the sensations of TENS as they 
will know whether they are receiving an active or placebo 
intervention [9]. Participants could not be blinded except for 
one of the studies included in this review [5].

The results of this study showed a decrease in VAS scores 
in the intervention group compared to the control group after 
TENS application after breast surgery. However, it is seen 
that the common effect size of the studies in the review is 
low and does not show statistical significance. This may be 
due to the heterogeneity of the studies, low sample sizes, and 
the application of the intervention at different TENS pro-
tocols in all studies. Differences in TENS parameters such 
as frequency (2/10 Hz, 100 Hz), waveforms, pulse dura-
tion, and application times in the studies in this review may 
lead to inconsistent results regarding the analgesic effects 
of TENS. The differences in the results may have resulted 
from the lack of a standardized protocol.

The analgesic effect of TENS is explained by the gate 
control theory, which provides attenuation of nociceptive 
stimulation of large-diameter afferent fibers in the dorsal 
horn of the spinal cord [30]. Traditional TENS relieves pain 
by activating A-α and A-β fibers. TENS also activates the 
endogenous opioid system. This activation is provided by 
the high and low-frequency stimuli of TENS [31]. In the 

studies in which low frequency (2/10 Hz) [23] and burst type 
(low and high frequency) (2/100 Hz) [6] TEAS were applied, 
a statistically significant decrease was observed in opioid 
consumption of patients after mastectomy. In Huang et al.’s 
study, the application of TEAS at different frequencies was 
compared, and it was found that 2/100 Hz TEAS reduced 
intraoperative opioid consumption by 33.5%; significantly 
decreased extubation time, time to reach discharge criteria, 
and NRS score immediately after extubation; and reduced 
anesthetic recovery time, while 100  Hz TEAS reduced 
PONV morbidity [32]. In a randomized clinical study with 
a small sample size (n = 18) of patients undergoing breast 
surgery, it was reported that acupuncture TENS application 
at slow (8–10 Hz) and fast alpha (10–12 Hz) wave frequen-
cies reduced the patients’ pain by 88.4 ± 10.7%, while burst-
type TENS pain reduced by 66.3 ± 24.6% [8]. In a meta-
analysis of 11 studies with optimal treatment parameters in 
TENS application, the median frequency was 85 Hz [33]. 
The studies analyzed in this review show that TENS shows 
analgesic efficacy at different frequencies. β-endorphin con-
centrations increase in the bloodstream and cerebrospinal 
fluid after high or low-frequency TENS application [34, 35]. 
Increased methionine enkephalin, a delta opioid agonist, and 
dynorphin A, a kappa opioid agonist, are observed in the 
lumbar cerebrospinal fluid after treatment of patients with 
low or high-frequency TENS, respectively [36]. This sug-
gests that different opioids are released at the spinal level 
with different stimulation frequencies. Thus, different opioid 
receptors are likely activated to produce analgesia with high 
or low-frequency TENS. Taken together, these data sug-
gest that various opioids and their receptors may play a role 
in pain relief by TENS [37]. Postoperative pain should be 
provided with a multimodal approach as a combination of 
pharmacological and non-pharmacological treatment meth-
ods. When cost and risk/benefit analyses are considered, 
the literature highlights the advantages of using TENS for 
non-pharmacological analgesia. The safety profile of TENS 
is favorable compared with drugs. Side effects are low and 
contraindications are few [38]. In the postoperative period, 
TENS often appears to be used to complement standard anal-
gesics for symptomatic treatment in pain management, rather 
than serving as a stand-alone method. This is thought to be 
due to the uncertainty in studies evaluating the efficacy of 
TENS on postoperative pain, which has been ongoing for 
more than 50 years [38].

The short-term and long-term postoperative effects of 
TENS application on analgesic efficacy were analyzed, high-
lighting its impact across different time points. Specifically, 
TENS application resulted in less pain on the first postop-
erative day compared to the control and sham groups [6, 
7]. Additionally, regarding analgesic consumption, a meta-
analysis involving 1350 patients demonstrated that TENS 
reduced postoperative opioid use by more than 25% [34]. In 
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a prospective, randomized, double-blind, placebo-controlled 
study (n = 74) evaluating the effects of TEAS on the quality 
of recovery and postoperative analgesia within 24 h after 
gynecological laparoscopic surgery, compared to the control 
group, the TEAS group had lower postoperative pain scores 
and cumulative opioid use (p = 0.04) [14]. These findings 
suggest that TENS provides both immediate and extended 
benefits in postoperative pain management.

In three of the studies discussed in this review [5, 6, 
23], the effects of TENS therapy on postoperative nausea 
and vomiting have been reported. Mendonça et al. found 
no reduction in nausea-vomiting scores observed in breast 
cancer patients who underwent 20 sessions of TENS in the 
postoperative period [5]. In the studies by Lu et al. and Ao 
et al., it was reported that nausea-vomiting was less common 
in patients with TEAS applied to acupuncture points [6, 23].

The anti-PONV effects of acupuncture are believed to 
result from alterations in the activity of neurochemicals such 
as endorphins, serotonin, and norepinephrine within the central 
nervous system. These changes help desensitize the brain’s 
vomiting center and enhance the body's natural anti-vomiting 
mechanisms. However, once the vomiting center becomes sen-
sitized, reversing this sensitivity becomes challenging [39]. It 
is hypothesized that high-frequency TEAS stimulates the early 
release of a greater amount of neurochemicals, which promptly 
desensitize the vomiting center. This mechanism may explain 
why a frequency of 100 Hz demonstrated significant anti-
PONV effects [33]. A systematic review and meta-analysis of 
26 studies reporting the effects of electrical acupoint stimula-
tion were reported to be effective in reducing postoperative 
nausea and vomiting, with a moderate to low level of evidence 
[40]. Viderman et al. reported in a systematic review and meta-
analysis on the postoperative effects of TENS in 2265 patients 
that using TENS reduced postoperative nausea and vomiting, 
although at a low level of evidence [41]. Another systematic 
review evaluated nine of the 22 studies on the effect of TEAS 
on nausea and vomiting, showing beneficial effects compared 
to standard treatment [11]. TEAS has also been reported to 
reduce nausea, vomiting, and antiemetic consumption in the 
sixth postoperative hour [42]. In a non-inferiority randomized 
controlled study comparing the effectiveness of TEAS and 
dexamethasone in preventing postoperative nausea and/or 
vomiting within 24 h after breast surgery, it was noted that 
TEAS was as effective as dexamethasone [28]. In conclusion, 
TEAS is recommended as a feasible method to prevent post-
operative nausea and/or vomiting.

Limitations of the review

Some limitations should be noted when interpreting the 
results of this review. The review’s search strategy and inclu-
sion criteria may carry a risk of publication bias. Focusing on 

English-language studies only and excluding randomized con-
trolled trial protocols, conference abstracts, and theses risked 
missing relevant data or studies with conflicting results that 
may affect the overall findings. Additionally, there was a risk of 
bias in four of the included studies due to the management of 
the intervention and incomplete blinding. The lack of blinding 
is a shortcoming in terms of understanding whether the analge-
sic efficacy of the application is due to the real or the placebo 
effect. Moreover, the small sample size of some included stud-
ies may affect the generalizability of the results. The main limi-
tation of this review is the limited number of studies included. 
In addition, the fact that preoperative pain intensity was not 
given in the studies, which may affect the assessment of post-
operative outcomes, was not considered a potential confounder 
and is among the limitations of the studies.

Conclusions

This systematic review emphasizes that postoperative TENS 
application reduces pain intensity, decreases nausea and vomit-
ing, and lowers opioid consumption in breast cancer patients 
who have undergone surgery. However, some studies were 
limited in terms of factors such as lack of preoperative pain 
intensity assessment, small sample sizes, and risks of bias. 
These limitations indicate that more studies with larger sample 
sizes, appropriate blinding methods, and more rigorous study 
designs are needed to strengthen the evidence. Although both 
the short-term and long-term effects of TENS appear to be 
beneficial for pain management in a manner consistent with 
the literature, the generalizability of these effects is limited due 
to heterogeneous protocols. To increase the level of evidence 
of the current results and reduce heterogeneity, high-quality 
studies comparing the effects of standardized TENS protocols 
are needed. After breast cancer surgery, TENS application can 
accelerate patients’ recovery by reducing pain. In addition, its 
effect on nausea and vomiting and its reduction in opioid con-
sumption may increase patient comfort and satisfaction. Due 
to its cost-effectiveness and ease of use, it allows the treatment 
to be continued at home. This therapy can be an integral part of 
patient care and rehabilitation, especially when part of a more 
comprehensive therapeutic program.

Future research should focus on assessing the severity 
and characteristics of baseline pain in patients undergoing 
breast surgery, as well as exploring the long-term effects of 
TENS on pain and other postoperative outcomes. Addition-
ally, large-scale clinical trials, including sham TENS groups, 
are necessary to confirm the clinical utility of this technique. 
Studies should also consider using devices that terminate 
the electrical current after a brief period to ensure proper 
blinding.



Supportive Care in Cancer (2025) 33:90	 Page 15 of 16  90

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00520-​024-​09129-3.

Author contribution  All authors contributed to the study conception 
and design. Conception of the work, data collection and analysis were 
performed by Seda Akutay, Hatice Yüceler Kaçmaz and Özlem Cey-
han. The first draft of the manuscript was written by Seda Akutay and 
all authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.

Funding  Open access funding provided by the Scientific and Techno-
logical Research Council of Türkiye (TÜBİTAK).

Data availability  Data sharing is not applicable to this article as no new 
data were created or analysed in this study.

Declarations 

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Piñeros M, Znaor 
A, Soerjomataram I, Bray F (2020) Global cancer observatory: 
cancer today. https://​Gco.​Iarc.​Fr/​Today.

	 2.	 Keelan S, Flanagan M, Hill ADK (2021) Evolving trends in sur-
gical management of breast cancer: an analysis of 30 years of 
practice changing papers. Front Oncol 11:1–10. https://​doi.​org/​
10.​3389/​fonc.​2021.​622621

	 3.	 Łukasiewicz S, Czeczelewski M, Forma A, Baj J, Sitarz R, 
Stanisławek A (2021) Breast cancer-epidemiology, risk factors, 
classification, prognostic markers, and current treatment strat-
egies-an updated Review. Cancers 13:1–30. https://​doi.​org/​10.​
3390/​cance​rs131​74287

	 4.	 Kannan P, Lam HY, Ma TK, Lo CN, Mui TY, Tang WY (2022) 
Efficacy of physical therapy interventions on quality of life and 
upper quadrant pain severity in women with post-mastectomy pain 
syndrome: a systematic review and meta-analysis. Qual Life Res 
31(4):951–973. https://​doi.​org/​10.​1007/​s11136-​021-​02926-x

	 5.	 Mendonça ACR, Rett MT, Garcez P de A, Aquino MJ das V, Lima 
LV, DeSantana JM (2017) TENS effects on dysesthesia and quality 
of life after breast cancer surgery with axilectomy : randomized 
controlled trial. Fisioterapia Em Movimento 30(1), 285–295

	 6.	 Ao L, Shi J, Bai Y, Zhang S, Gan J (2021) Effects of transcuta-
neous electrical acupoint stimulation on perioperative immune 
function and postoperative analgesia in patients undergoing radi-
cal mastectomy: a randomized controlled trial. Exp Ther Med 
21(184):1–10. https://​doi.​org/​10.​3892/​etm.​2021.​9615

	 7.	 Erden S, Yurtseven Ş, Güler Demir S, Arslan S, Arslan UE, Dalcı 
K (2022) Effects of transcutaneous electrical nerve stimulation 

on mastectomy pain, patient satisfaction, and patient outcomes. 
J Perianesth Nurs 37:485–492. https://​doi.​org/​10.​1016/j.​jopan.​
2021.​08.​017

	 8.	 Silva JG, Sanatana CG, Inocencio KR, Orsini M, Machado S, 
Bergmann A (2014) Electrocortical analysis of patients with inter-
costobrachial pain treated with TENS after breast cancer surgery. 
The Journal of Physical Therapy Science 26(3):349–353

	 9.	 Johnson MI, Paley CA, Wittkopf PG, Mulvey MR, Jones G (2022) 
Characterizing the features of 381 clinical studies evaluating 
transcutaneous electrical nerve stimulation (TENS) for pain relief: 
a secondary analysis of the meta-TENS study to improve future 
research. Medicina 58(803):1–47

	10.	 Vance CGT, Dailey DL, Chimenti RL, Van Gorp BJ, Crofford LJ, 
Sluka KA (2022) Using TENS for pain control: update on the state 
of the evidence. Medicina 58(10):1332. https://​doi.​org/​10.​3390/​
medic​ina58​101332

	11.	 Szmit M, Krajewski R, Rudnicki J, Agrawal S (2023) Applica-
tion and efficacy of transcutaneous electrical acupoint stimu-
lation (TEAS) in clinical practice: a systematic review. Adv 
Clin Exp Med 32(9), 1–12. https://​doi.​org/​10.​17219/​ACEM/​
159703

	12.	 Szmit M, Agrawal S, Goździk W, Kübler A, Agrawal A, Pruch-
nicki P, Woźniak M, Nowak M, Bartoszewicz B, Rudnicki J 
(2021) Transcutaneous electrical acupoint stimulation reduces 
postoperative analgesic requirement in patients undergoing 
inguinal hernia repair: a randomized, placebo-controlled study. 
J Clin Med 10(146):1–13. https://​doi.​org/​10.​3390/​jcm10​010146

	13.	 Vickers AJ, Sloan M, Cancer K, Vertosick EA, Sloan M, Cancer 
K, Lewith G, Macpherson H, Foster NE, Sherman KJ, Irnich D, 
Witt CM (2018) Acupuncture for chronic pain: update of an indi-
vidual patient data meta-analysis. Journal of Pain 19(5):455–474. 
https://​doi.​org/​10.​1016/j.​jpain.​2017.​11.​005.​Acupu​ncture

	14.	 Shinbara H, Okubo M, Kimura K, Mizunuma K, Sumiya E (2015) 
Contributions of nitric oxide and prostaglandins to the local 
increase in muscle blood flow following manual acupuncture in 
rats. Acupunct Med 33(1):65–71. https://​doi.​org/​10.​1136/​acupm​
ed-​2014-​010634

	15.	 Yao Y, Zhao Q, Gong C, Wu Y, Qiu L, Wu X, Chen Y, Chen Y 
(2015) Transcutaneous electrical acupoint stimulation improves 
the postoperative quality of recovery and analgesia after gyneco-
logical laparoscopic surgery: a randomized controlled trial. 
Evidence-Based Complementary and Alternative Medicine, 1–6. 
https://​doi.​org/​10.​1155/​2015/​324360

	16.	 Wang D, Shi H, Yang Z, Liu W, Qi L, Dong C, Si G, Guo Q (2022) 
Efficacy and safety of transcutaneous electrical acupoint stimula-
tion (TEAS) as an analgesic intervention for labor pain: a network 
meta-analysis of randomized controlled trials. Pain Research and 
Management, 1–10. https://​doi.​org/​10.​1007/​s40122-​023-​00496-z

	17.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou 
R, Glanville J, Grimshaw JM, Hróbjartsson A, Lalu MM, Li T, 
Loder EW, Mayo-Wilson E, McDonald S, … Moher D (2021) 
The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. The BMJ 372(71), 1–9

	18.	 Reeves BC, Deeks JJ, Higgins JPT, Shea B, Tugwell P, Wells GA 
(2024) Chapter 24: including non-randomized studies on interven-
tion effects [last updated October 2019]. In: Higgins JPT, Thomas 
J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). 
Cochrane Handbook for Systematic Reviews of Interventions ver-
sion 6.5. Cochrane, 2024. Available from www.​train​ing.​cochr​ane.​
org/​handb​ook

	19.	 Barker TH, Stone JC, Sears K, Klugar M, Tufanaru C, Leonardi-
Bee J, Aromataris E, Munn Z (2023) The revised JBI critical 
appraisal tool for the assessment of risk of bias for randomized 
controlled trials. JBI Evidence Synthesis 21:494–506. https://​doi.​
org/​10.​11124/​JBIES-​22-​00430

https://doi.org/10.1007/s00520-024-09129-3
http://creativecommons.org/licenses/by/4.0/
https://Gco.Iarc.Fr/Today
https://doi.org/10.3389/fonc.2021.622621
https://doi.org/10.3389/fonc.2021.622621
https://doi.org/10.3390/cancers13174287
https://doi.org/10.3390/cancers13174287
https://doi.org/10.1007/s11136-021-02926-x
https://doi.org/10.3892/etm.2021.9615
https://doi.org/10.1016/j.jopan.2021.08.017
https://doi.org/10.1016/j.jopan.2021.08.017
https://doi.org/10.3390/medicina58101332
https://doi.org/10.3390/medicina58101332
https://doi.org/10.17219/ACEM/159703
https://doi.org/10.17219/ACEM/159703
https://doi.org/10.3390/jcm10010146
https://doi.org/10.1016/j.jpain.2017.11.005.Acupuncture
https://doi.org/10.1136/acupmed-2014-010634
https://doi.org/10.1136/acupmed-2014-010634
https://doi.org/10.1155/2015/324360
https://doi.org/10.1007/s40122-023-00496-z
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://doi.org/10.11124/JBIES-22-00430
https://doi.org/10.11124/JBIES-22-00430


	 Supportive Care in Cancer (2025) 33:9090  Page 16 of 16

	20.	 Castro-Martín E, Ortiz-Comino L, Gallart-Aragón T, Esteban-
Moreno B, Arroyo-Morales M, Galiano-Castillo N (2017) Myo-
fascial induction effects on neck-shoulder pain in breast cancer 
survivors: randomized, single-blind, placebo-controlled crossover 
design. Arch Phys Med Rehabil 98(5):832–840. https://​doi.​org/​10.​
1016/j.​apmr.​2016.​11.​019

	21.	 Elshinnawy AM, Eraky ZS, Abdelaziz SS, Abd-Elrahman NAF 
(2024) Effect of cold application versus transcutaneous nerve 
stimulation on chemotherapy induced diabetic peripheral neu-
ropathy post mastectomy. Physiother Res Int 29(1):1–6. https://​
doi.​org/​10.​1002/​pri.​2051

	22.	 Hemmati M, Rojhani-Shirazi Z, Zakeri ZS, Akrami M, Salehi 
Dehno N (2022) The effect of the combined use of complex 
decongestive therapy with electrotherapy modalities for the treat-
ment of breast cancer-related lymphedema: a randomized clinical 
trial. BMC Musculoskelet Disord 23(1):1–8. https://​doi.​org/​10.​
1186/​s12891-​022-​05780-1

	23.	 Lu Z, Wang Q, Sun X, Zhang W, Min S, Zhang J, Zhao W, Jiang 
J, Wang Y, Zhu Y, Zheng L, Wang Y, Guo Y, Zhang L, Wang L, 
Lei C, Liu T, Yang X, Zhang J, … Xiong L (2021) Transcutaneous 
electrical acupoint stimulation before surgery reduces chronic pain 
after mastectomy : a randomized clinical trial. Journal of Clinical 
Anesthesia, 74, 1–7. https://​doi.​org/​10.​1016/j.​jclin​ane.​2021.​110453

	24.	 Mao JJ, Xie SX, Farrar JT, Stricker CT, Bowman MA, Bruner D, 
DeMichele A (2014) A randomized trial of electro-acupuncture 
for arthralgia related to aromatase inhibitor use. Eur J Cancer 
50(2):267–276. https://​doi.​org/​10.​1016/j.​ejca.​2013.​09.​022.A

	25.	 Tong Q, Liu R, Gao Y, Zhang K, Ma W, Shen W (2022) Effect 
of electroacupuncture based on ERAS for preoperative anxiety 
in breast cancer surgery : a single-center, randomized, controlled 
trial. Clin Breast Cancer 22(7):724–736. https://​doi.​org/​10.​1016/j.​
clbc.​2022.​04.​010

	26.	 Toth MJ, Voigt TB, Tourville TW, Prior SM, Guigni BA, Schlos-
berg AV, Smith IB, Forest TJ, Kaufman PA, Wood ME, Rehman 
H, Dittus K (2020) Effect of neuromuscular electrical stimulation 
on skeletal muscle size and function in patients with breast can-
cer receiving chemotherapy. J Appl Physiol 128(6):1654–1665. 
https://​doi.​org/​10.​1152/​jappl​physi​ol.​00203.​2020

	27.	 Zhang Q, Gao Z, Wang H, Guo F, Zhong H, Xiong L, Wang Q 
(2014) The effect of pre-treatment with transcutaneous electrical 
acupoint stimulation on the quality of recovery after ambulatory 
breast surgery: a prospective, randomised controlled trial. Anaes-
thesia 69:832–839. https://​doi.​org/​10.​1111/​anae.​12639

	28.	 Zhang Y, Li Y, Ji F, Zhang K, Lou Y, Xu H (2023) Transcu-
taneous electrical acupoint stimulation versus dexamethasone 
for prophylaxis of postoperative nausea and vomiting in breast 
surgery: a non-inferiority randomized controlled trial. Surgery 
174(4):787–793. https://​doi.​org/​10.​1016/j.​surg.​2023.​06.​014

	29.	 Bennett MI, Hughes N, Johnson MI (2011) Methodological qual-
ity in randomised controlled trials of transcutaneous electric nerve 
stimulation for pain: low fidelity may explain negative findings. 
Pain 152(6):1226–1232. https://​doi.​org/​10.​1016/j.​pain.​2010.​12.​009

	30.	 Melzack R, Wall PD (1965) Pain mechanisms: a new theory. Sci-
ence 150(3699):971–979

	31.	 Kalra A, Urban MO, Sluka KA (2001) Blockade of opioid recep-
tors in rostral ventral medulla prevents antihyperalgesia produced 
by transcutaneous electrical nerve stimulation (TENS). J Pharma-
col Exp Ther 298(1):257–263

	32.	 Huang S, Peng WP, Tian X et al (2017) Effects of transcutaneous 
electrical acupoint stimulation at different frequencies on perio-
perative anesthetic dosage, recovery, complications, and progno-
sis in video-assisted thoracic surgical lobectomy: a randomized, 
double-blinded, placebo-controlled trial. J Anesth 31(1):58–65

	33.	 Bjordal, J. M., Johnson, M. I., & Ljunggreen, A. E. (2003). Trans-
cutaneous electrical nerve stimulation (TENS) can reduce postop-
erative analgesic consumption. A meta-analysis with assessment 
of optimal treatment parameters for postoperative pain. European 
Journal of Pain, 7(2), 181–188. https://​doi.​org/​10.​1016/​S1090-​
3801(02)​00098-8

	34.	 Hughes GS, Lichstein PR, Whitlock D, Harker C (1984) Response 
of plasma beta-endorphins to transcutaneous electrical nerve stim-
ulation in healthy subjects. Phys Ther 64(7):1062–1066. https://​
doi.​org/​10.​1093/​ptj/​64.7.​1062

	35.	 Salar G, Job I, Mingrino S, Bosio A, Trabucchi M (1981) Effect 
of transcutaneous electrotherapy on CSF β-endorphin content in 
patients without pain problems. Pain 10:169–172

	36.	 Han JS, Chen XH, Sun SL, Xu XJ, Yuan Y, Yan SC, Hao JX, 
Terenius L (1991) Effect of low- and high-frequency TENS on 
Met-enkephalin-Arg-Phe and dynorphin A immunoreactivity in 
human lumbar CSF. Pain 47(3):295–298. https://​doi.​org/​10.​1016/​
0304-​3959(91)​90218-M

	37.	 Sluka KA, Walsh D (2003) Transcutaneous electrical nerve stimu-
lation: basic science mechanisms and clinical effectiveness. Jour-
nal of Pain 4(3):109–121. https://​doi.​org/​10.​1054/​jpai.​2003.​434

	38.	 Johnson MI (2021) Resolving long-standing uncertainty about 
the clinical efficacy of transcutaneous electrical nerve stimulation 
(TENS) to relieve pain: a comprehensive review of factors influ-
encing outcome. Medicina 57(4):378. https://​doi.​org/​10.​3390/​
medic​ina57​040378

	39.	 Wang XQ, Yu JL, Du ZY, Xu R, Jiang CC, Gao X (2010) Elec-
troacupoint stimulation for postoperative nausea and vomiting in 
patients undergoing supratentorial craniotomy. J Neurosurg Anes-
thesiol 22:128–131

	40.	 Lu L, Xie C, Li X, Zhou Y, Yin Z, Wei P, Gao H, Wang J, Yong Y, 
Song J (2023) Efficacy and safety of electrical acupoint stimula-
tion for postoperative nausea and vomiting: a systematic review 
and meta-analysis. PLoS ONE 18:1–21. https://​doi.​org/​10.​1371/​
journ​al.​pone.​02859​43

	41.	 Viderman D, Nabidollayeva F, Aubakirova M, Sadir N, Tapinova 
K, Tankacheyev R, Abdildin YG (2024) The impact of transcuta-
neous electrical nerve stimulation (TENS) on acute pain and other 
postoperative outcomes: a systematic review with meta-analysis. 
J Clin Med 13(2). https://​doi.​org/​10.​3390/​jcm13​020427

	42.	 Han Z, Zhang X, Yang H, Yuan P, Wang H, Du G (2023) Sug-
gested electroacupuncture for postoperative nausea and vomit-
ing: a comprehensive meta-analysis and systematic review of 
randomized controlled trials. Medical Science Monitor 29:1–13. 
https://​doi.​org/​10.​12659/​MSM.​941262

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.apmr.2016.11.019
https://doi.org/10.1016/j.apmr.2016.11.019
https://doi.org/10.1002/pri.2051
https://doi.org/10.1002/pri.2051
https://doi.org/10.1186/s12891-022-05780-1
https://doi.org/10.1186/s12891-022-05780-1
https://doi.org/10.1016/j.jclinane.2021.110453
https://doi.org/10.1016/j.ejca.2013.09.022.A
https://doi.org/10.1016/j.clbc.2022.04.010
https://doi.org/10.1016/j.clbc.2022.04.010
https://doi.org/10.1152/japplphysiol.00203.2020
https://doi.org/10.1111/anae.12639
https://doi.org/10.1016/j.surg.2023.06.014
https://doi.org/10.1016/j.pain.2010.12.009
https://doi.org/10.1016/S1090-3801(02)00098-8
https://doi.org/10.1016/S1090-3801(02)00098-8
https://doi.org/10.1093/ptj/64.7.1062
https://doi.org/10.1093/ptj/64.7.1062
https://doi.org/10.1016/0304-3959(91)90218-M
https://doi.org/10.1016/0304-3959(91)90218-M
https://doi.org/10.1054/jpai.2003.434
https://doi.org/10.3390/medicina57040378
https://doi.org/10.3390/medicina57040378
https://doi.org/10.1371/journal.pone.0285943
https://doi.org/10.1371/journal.pone.0285943
https://doi.org/10.3390/jcm13020427
https://doi.org/10.12659/MSM.941262

	The healing power of transcutaneous electrical nerve stimulation: a systematic review on its effects after breast surgery
	Abstract
	Background 
	Aim 
	Methods 
	Results 
	Conclusion 
	Registration 

	Introduction
	Methods
	Study design
	Literature search
	Inclusion criteria
	Quality assessment
	Data extraction and synthesis
	Data analysis

	Results
	Study selection
	Study characteristics
	Methodological quality
	Characteristics and application of TENS therapy
	Postoperative effects of TENS therapy
	Pain relief
	Nausea and vomiting
	Patient satisfaction
	Immune function
	Quality of life

	Side effect

	Discussion
	Limitations of the review
	Conclusions
	References


