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Abstract

Background and Clinical Significance: Chemotherapy-induced peripheral neuropathy
(CIPN) is a frequent and limiting complication of oncological treatment, particularly in
patients receiving oxaliplatin. Its onset can significantly affect the quality of life and com-
promise the continuity of the antineoplastic therapy. Due to the limited efficacy of available
pharmacological therapies, percutaneous electrical nerve stimulation (PENS) has been
proposed as a non-invasive alternative for symptom management. Case presentation:
We report the case of a 75-year-old woman with colorectal adenocarcinoma who devel-
oped CIPN following oxaliplatin administration. She underwent a 12-week course of
PENS targeting the median nerve, with weekly sessions conducted without interruption
of chemotherapy and without adverse effects. The patient showed progressive improve-
ment in neurosensory symptoms, as measured by the EORTC QLQ-CIPN20 questionnaire.
Quantitative sensory testing revealed normalization of thermal and vibratory sensitivity
and improved mechanical detection thresholds. The cumulative oxaliplatin dose was
maintained throughout treatment. Conclusions: PENS may offer an effective and safe
therapeutic option for managing CIPN, enabling symptom control without compromising
oncological treatment. This case supports the need for controlled clinical trials to confirm
efficacy and establish standardized protocols.

Keywords: chemotherapy-induced peripheral neuropathy; percutaneous electrical nerve
stimulation; oxaliplatin; neuropathic pain; colon cancer

1. Introduction and Clinical Significance
Chemotherapy is one of the most common treatments for cancer. Although its goal is

to eliminate rapidly growing malignant cells, it also affects healthy cells [1]. This collateral
damage often results in a clinical condition known as chemotherapy-induced peripheral
neuropathy (CIPN), one of the most prevalent and debilitating complications of oncological
treatment [2]. CIPN not only compromises patients’ quality of life but may also lead to
dose reductions or even discontinuation of chemotherapy, directly impacting oncological
prognosis. The long-term consequences of CIPN can be particularly disabling, often
resulting in persistent functional impairment and significant psychological distress [3].
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Among cytotoxic agents, oxaliplatin is particularly associated with the development
of CIPN. This third-generation platinum compound, primarily used in the treatment of
colorectal cancer and other gastrointestinal tumors, has significantly advanced the treatment
of neoplasms and improved survival rates since its FDA approval in 2002. However, its use
is limited by the high incidence of associated neurotoxicity [4].

Oxaliplatin-induced neurotoxicity includes both acute and chronic impairments. In
the short term, up to 90% of patients experience neuropathic symptoms shortly after the
first infusion [5,6], and the prevalence one month after finishing chemotherapy approaches
68% [6], persisting in approximately 41% of patients beyond three months [7].

These manifestations typically involve a progressive distal sensory neuropathy with a
“stocking glove” distribution, characterized by dysesthesia, allodynia, hyperalgesia, and
proprioceptive deficits. These symptoms reflect damage to Aβ, Aδ, and C fibers, which
are critical for transmitting mechanical, thermal, and pain sensations. In severe cases,
symptoms may persist for months or even years after chemotherapy, leading to significant
functional disability [8,9].

Despite its clinical relevance, the therapeutic management of CIPN is limited to
modifying the chemotherapy regimen, dose reduction, or drug suspension, which may
compromise oncological efficacy [3]. Pharmacological treatments usually provide modest
relief and are frequently associated with adverse effects [1,10,11]. Consequently, the search
for effective, safe, and non-interfering therapeutic alternatives is a priority.

In this context, percutaneous peripheral nerve stimulation (PENS) has emerged as a
novel, minimally invasive therapeutic alternative for managing neuropathic pain. This
technique involves applying an electrical current through a percutaneously inserted elec-
trode targeting a peripheral nerve [9]. Based on the gate control theory of pain modulation
proposed by Melzack and Wall, PENS induces an inhibitory effect on pain transmission
pathways at both spinal and supraspinal levels [12,13]. Evidence accumulated from various
neuropathic pain syndromes suggests that this approach can improve physical function,
reduce pain intensity, and enhance quality of life [14–18].

Specific PENS of the median nerve, which innervates the palmar aspect of the fingers,
a region frequently affected in CIPN [7], offers significant therapeutic potential. Although
its use in this neuropathy is still emerging, the underlying pathophysiological rationale
and preliminary clinical evidence support its promising role [19].

This report presents the first documented clinical case of successful CIPN management
via PENS. Its clinical relevance is reinforced by the growing number of cancer survivors
requiring effective and lasting interventions for persistent functional sequelae that compro-
mise quality of life [4].

2. Case Presentation
2.1. Patient Information

A 75-year-old right-handed Caucasian woman sought oncology consultation to begin
treatment after being diagnosed with colorectal adenocarcinoma. As part of the therapeutic
protocol, a chemotherapy regimen with oxaliplatin was prescribed at a dose of 145 mg
intravenously, administered every 15 days.

Before initiating chemotherapy, the patient’s neurological examination was unremark-
able, with no clinical signs or history suggestive of peripheral sensory or motor involvement.
Baseline nerve conduction studies and electromyography showed no abnormalities. Lab-
oratory tests revealed normal renal, hepatic, and metabolic function, except for a mild
normocytic normochromic anemia (hemoglobin 11.6 g/dL, hematocrit 35.9%).
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Her past medical history included hypertension and dyslipidemia, both controlled
with beta-blocker therapy. Apart from dexamethasone as part of the oncological regimen,
no other chronic medications were recorded.

2.2. Clinical Findings

After the first oxaliplatin infusion, the patient developed dysesthesias in both hands
triggered by cold exposure, accompanied by grade 1 paresthesia. These symptoms were
transient and resolved spontaneously within four days. During the perichemotherapy
period, symptoms were mitigated by avoiding cold exposure. No motor deficits or signs of
central or autonomic involvement were noted.

2.3. Patient Evolution

The patient received oxaliplatin chemotherapy cycles every 15 days. Treatment con-
tinued regularly, except for the fourth cycle, which was delayed one week due to mild
neutropenia. After the third cycle, a gradual decrease in neuropathic symptoms in the
hands was observed. However, after the fifth cycle, the patient developed new symptoms,
including paresthesias in both feet and oropharyngeal dysesthesia upon ingestion of cold
liquids. Subsequent neurological examinations remained normal, with no changes in
muscle strength, deep tendon reflexes, or coordination.

During the intermediate cycles, laboratory findings remained largely within normal
limits, although a progressive decrease in creatinine levels was noted, reaching a value
of 0.41 mg/dL in the third cycle. From the seventh cycle onward, hematological studies
showed a reduction in the count of leukocytes, neutrophils, erythrocytes, and platelets,
which was managed with close monitoring without requiring treatment suspension.

2.4. Diagnostic Assessment

The patient’s clinical presentation was consistent with oxaliplatin-induced peripheral
neuropathy, initially presenting as an acute, transient, cold-related form in the upper limbs
and later progressing to the lower limbs. The chronology, symptom distribution, and
temporal association with chemotherapy administration allowed for the clinical diagnosis
of CIPN.

The initial prognosis was considered favorable based on the patient’s overall clinical
stability. However, the emergence of neuropathic symptoms highlighted the need to explore
alternative therapeutic interventions.

2.5. Therapeutic Intervention

At the beginning of the intervention, the patient reported symptoms exclusively in
the upper limbs, primarily affecting hand function. For this reason, a physiotherapeutic
intervention based on PENS of the median nerve was applied, aiming to modulate CIPN
symptoms in the hands. The median nerve was specifically selected for stimulation due to
the sensory distribution of the patient’s symptoms, which were predominantly localized to
the palmar aspects of the fingers innervated by this nerve.

The intervention was performed under ultrasound guidance to precisely locate the
median nerve in the anterior region of the elbow (Figure 1). Once identified, a sterile
needle was inserted until the epineurium was reached and connected to a peripheral
nerve stimulator (Physio Invasiva®, CEO120; PRIM Physio, Madrid, Spain). A biphasic
rectangular current was applied at a frequency of 1 Hz, a pulse width of 200 µs, and an
intensity adjusted to the maximum threshold tolerated by the patient (1.3 mA). Stimulation
was maintained for 30 min per session [12,20–22].
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Figure 1. Localization of the median nerve in the anterior region of the elbow.

During stimulation, the patient reported a mild cramping sensation upon nerve
contact and involuntary contractions of the flexor forearm muscles, indicating an adequate
response. Treatment was administered once a week over 12 weeks, without complications
and was well tolerated.

2.6. Study Variables and Follow-Up

Quality of life was assessed using the European Organization for Research and Treat-
ment of Cancer (EORTC) questionnaire for evaluating CIPN (QLQ-CIPN20). This question-
naire consists of 20 items, divided into three subscales: sensory symptoms (9 items), motor
symptoms (8 items), and autonomic symptoms (3 items). Each item is scored on a Likert
scale from 1 to 4, where 1 represents the absence of symptoms and 4 indicates maximum
severity [23,24].

Neural sensitivity was measured using the quantitative sensory testing (QST), which
included three types of tests to assess different aspects of the somatosensory function [25].
First, mechanical detection thresholds (MDTs) were evaluated using the “up/down”
method with von Frey monofilaments [26], which apply forces ranging from 0.02 to 10 g.
Each filament was applied for approximately one second on the palmar surface of the
distal interphalangeal joint of the index finger, starting with the one with the lowest force.
The procedure was then repeated with increasingly stronger filaments (0.02, 0.07, 0.5, 2,
and 10 g) until the patient reported perceiving the tactile stimulus [27]. The force corre-
sponding to the first detected filament was applied three times to confirm the perception,
and the average value of these three measurements was recorded as the tactile threshold.
Subsequently, vibration thresholds (VTs) were assessed using the NerveCheck® device
(Phi Med Europe, Barcelona, Spain). Nine random stimuli of different intensities (none,
light (2.7 V), moderate (4.2 V), and strong (6.4 V)) were applied to the palmar surface of
the distal interphalangeal joint of the index finger, and the patient was asked to report
whether vibration was perceived [27]. Finally, temperature detection thresholds (TDTs)
were measured, also using the NerveCheck® device. The thermode was placed on the
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palmar surface of the distal interphalangeal joint of the index finger, and a baseline tem-
perature of 32 ◦C was established. For the cold detection test (CDT), five random stimuli
of varying intensities were applied: none, light (22.4 ◦C), moderate (17.8 ◦C), and strong
(9.8 ◦C). For the heat detection test (WDT), five random stimuli were applied with the
following varying intensities: none, light (37 ◦C), moderate (39.4 ◦C), and strong (44.7 ◦C).
The patient was instructed to indicate when a temperature change was perceived [27].

Finally, the cumulative dose of oxaliplatin (in mg) was recorded, obtained from the
oncologist’s treatment records.

These variables were assessed at three different time points: prior to the PENS treat-
ment period, after 4 weeks, and after 12 weeks of treatment.

2.7. Results

The first evaluation was conducted one week after the administration of the second
oxaliplatin cycle. At baseline, quality of life assessed with the EORTC QLQ-CIPN20
questionnaire revealed significant neuropathic impairment, with high scores in tingling
(3/4), stabbing pain (3/4), and cramps (2/4) in the hands, as well as difficulties handling
small objects (2/4).

After four weeks of intervention, an improvement in quality of life was observed,
with stable scores for tingling (3/4) and cramps (2/4), and resolution of stabbing pain and
functional difficulties. At twelve weeks, symptoms continued to improve, with a further re-
duction in tingling (2/4) and sustained absence of stabbing pain and functional difficulties.

Regarding neural sensitivity measured by quantitative sensory testing, baseline assess-
ment revealed decreased vibration thresholds (10/12) and significant dysfunction of Aδ

and C fibers, reflected in a low warm detection threshold (2/6). Cold detection thresholds
were within normal limits (6/6), and mechanical detection thresholds indicated decreased
protective sensation. After four weeks of treatment, vibration and warm detection thresh-
olds had normalized to maximum scores (12/12 and 6/6, respectively), with no changes in
cold detection thresholds or mechanical detection thresholds. By week twelve, improve-
ments were maintained in vibration, warm, and cold detection thresholds, and mechanical
detection thresholds progressed from impaired protective sensation (baseline) to reduced
light-touch sensitivity (12 weeks), reflecting a gradual recovery of sensory function.

The cumulative dose of oxaliplatin remained constant at 145 mg throughout the inter-
vention period, indicating that a reduction in chemotherapy dosage due to neuropathy was
not necessary. The patient demonstrated optimal adherence to the treatment, completing
all scheduled sessions over the twelve-week period, with no adverse effects reported.

To further illustrate the patient’s clinical trajectory, an additional descriptive intra-
patient analysis was performed across the three assessment points. The most pronounced
improvements were observed in stabbing pain and functional difficulties, which resolved
completely by week 4 and remained absent at week 12, representing a 100% reduction from
baseline. Tingling decreased from a severity score of 3 to 2 (a 33% reduction), whereas
cramps remained stable. Regarding objective measures, vibration thresholds improved
from 10/12 to 12/12 (complete normalization), and warm detection thresholds increased
from 2/6 to 6/6. Mechanical detection thresholds evolved from decreased protective sensa-
tion to partial recovery, characterized by reduced light-touch sensitivity. Cold detection
thresholds remained stable within the normal range at all time points. These temporal
trends are summarized in Table 1 and Figure 2.
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Table 1. Descriptive evolution of the subjective and objective outcome measures. Higher scores
in “Tingling”, “Cramps”, “Stabbing pain”, and “Functional difficulties” indicate greater symptom
severity; thus, a decrease reflects clinical improvement. For “Vibration Thresholds”, “Warm Detection
Thresholds”, and “Cold Detection Thresholds”, higher scores indicate better sensory function. In
the case of “Mechanical Detection Thresholds”, the categories reflect different degrees of mechanical
sensitivity based on the force required to elicit tactile perception. The observed progression from “de-
creased protective sensation” to “reduced light-touch sensitivity” suggests a recovery of mechanical
sensory function.

Variable Baseline Week 4 Week 12 Change
(Baseline–Week 12)

Percentage
Change

Tingling (0–4) 3/4 3/4 2/4 −1 −33%

Cramps (0–4) 2/4 2/4 2/4 0 0%

Stabbing pain (0–4) 3/4 0/4 0/4 −3 −100%

Functional difficulties (0–4) 2/4 0/4 0/4 −2 −100%

Vibration Thresholds (0–12) 10/12 12/12 12/12 +2 +20%

Warm Detection Thresholds
(0–6) 2/6 6/6 6/6 +4 +67%

Cold Detection Thresholds (0–6) 6/6 6/6 6/6 0 0%

Mechanical Detection
Thresholds

Decreased
protective
sensation

No change
Reduced
light-touch
sensitivity

Partial
recovery —

Figure 2. A graphical representation of the scores obtained in the Quantitative Sensory Testing (QST)
at baseline, week 4, and week 12. Higher scores in the vibration threshold (0–12), warm detection
threshold (0–6), cold detection threshold (0–6), and mechanical detection threshold (1–5) indicate
improved sensory function.

3. Discussion
CIPN is among the most frequent and debilitating complications of oncological

treatments, particularly with oxaliplatin, known for causing persistent neurotoxicity that
severely affects quality of life [28,29]. As survival rates among cancer patients improve, the
incidence of CIPN is expected to increase, representing a growing challenge for clinicians
and an additional threat to patients, as it can lead to reductions in chemotherapy doses,
treatment interruptions, and even discontinuation of cycles [3]. Currently, CIPN is a com-
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plex disorder to manage, with few effective treatments available. In this context, PENS was
selected as a non-pharmacological intervention due to its ability to modulate nerve activity
and restore neurophysiological balance [12,13].

One of PENS’s main advantages is that it does not require the implantation of per-
manent devices, as needles are removed after each session, minimizing risks associated
with invasive procedures [30]. In the presented case, the patient showed a significant
improvement in quality of life, with a decrease in symptoms such as tingling, cramps, and
stabbing pain in the hands, which had previously been highly reported. In addition, the
results of the QST showed progressive normalization, with a recovery in the function of the
Aβ, Aδ, and C fibers. These improvements in sensory parameters suggest that PENS may
have a positive impact on nerve function altered by CIPN.

Another relevant finding in this case is that the patient was able to continue oxaliplatin
treatment without the need for dose reduction, which is a crucial factor in managing the
disease [10]. The ability to control symptoms without affecting the oncological treatment
allows patients to maintain the efficacy of chemotherapy without compromising their
quality of life.

Importantly, no adverse effects were reported throughout the intervention, and the
patient’s adherence was optimal. These findings collectively suggest that PENS may
contribute not only to symptomatic relief but also to an improved quality of life, without
interfering with the ongoing chemotherapy regimen.

From a physiological perspective, the underlying mechanisms of PENS have been
extensively studied in animal models [31], demonstrating reductions in central excitability
of nociceptive neurons and a decrease in the release of excitatory neurotransmitters, such
as glutamate, in the dorsal horn of the spinal cord. This effect appears to be related to the
activation of central inhibitory pathways, which help restore the neurophysiological balance
disrupted in CIPN [5]. The physiological mechanisms underlying the effects of PENS
are multifaceted. At the peripheral level, stimulation may promote axonal regeneration
and restore ion channel function in damaged nerve fibers. Centrally, PENS has been
shown to reduce hyperexcitability of spinal dorsal horn neurons and to enhance inhibitory
descending pathways [12,32–34]. These processes can modulate nociceptive transmission
and contribute to pain relief. Moreover, this technique has already shown effectiveness in
patients with neuropathies that do not respond well to conventional treatments and present
hyperexcitability and symptoms such as allodynia or hyperalgesia [14–18].

Given the nature of a single-patient case report, the observations presented here are
intended to be descriptive rather than to establish causal inferences. The outcomes should
be interpreted with caution and viewed as preliminary clinical insights that may inform
future hypothesis-driven research.

Despite these promising results, it is crucial to recognize that PENS remains an emerg-
ing technique, requiring further knowledge and standardization. Variability in stimulation
parameters (intensity, frequency, duration) generates uncertainty regarding optimal appli-
cation [35–37].

Additionally, given the chronic nature of CIPN, the lack of long-term follow-up is
another limitation in thoroughly assessing the sustainability of the observed effects. Al-
though symptom improvement was observed following a 12-week PENS protocol, pro-
longed follow-up is necessary to determine whether these benefits are maintained over the
long term.

This case represents the first report documenting the success of PENS in treating
medically refractory CIPN. However, controlled and randomized studies are needed to
confirm these findings in a more diverse and representative population.
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4. Conclusions
PENS appears to be a promising therapeutic option for treating CIPN, with preliminary

results suggesting efficacy in improving neurosensory symptoms without interfering with
cancer therapies. However, further clinical research is needed to validate these results and
establish clear guidelines for their clinical application.
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12. Ristić, D.; Spangenberg, P.; Ellrich, J. Analgesic and antinociceptive effects of peripheral nerve neurostimulation in an advanced
human experimental model. Eur. J. Pain 2008, 12, 480–490. [CrossRef] [PubMed]

13. Kupers, R.; Laere, K.V.; Calenbergh, F.V.; Gybels, J.; Dupont, P.; Baeck, A.; Plaghki, L. Multimodal therapeutic assessment of
peripheral nerve stimulation in neuropathic pain: Five case reports with a 20-year follow-up. Eur. J. Pain 2011, 15, 161.e1–161.e9.
[PubMed]

14. D’souza, R.S.; Her, Y.F.; Jin, M.Y.; Morsi, M.; Abd-Elsayed, A. Neuromodulation Therapy for Chemotherapy-Induced Peripheral
Neuropathy: A Systematic Review. Biomedicines 2022, 10, 1909. [CrossRef] [PubMed]

15. Ghoname, E.-S.A.; White, P.F.; Ahmed, H.E.; Hamza, M.A.; Craig, W.F.; Noe, C.E. Percutaneous electrical nerve stimulation: An
alternative to TENS in the management of sciatica. Pain 1999, 83, 193–199. [CrossRef]

16. Hamza, M.A.; White, P.F.; Craig, W.F.; Ghoname, E.S.; Ahmed, H.E.; Proctor, T.J.; Noe, C.E.; Vakharia, A.S.; Gajraj, N. Percutaneous
electrical nerve stimulation: A novel analgesic therapy for diabetic neuropathic pain. Diabetes Care 2000, 23, 365–370. [CrossRef]

17. Raphael, J.H.; Raheem, T.A.; Southall, J.L.; Bennett, A.; Ashford, R.L.; Williams, S. Randomized double-blind sham-controlled
crossover study of short-term effect of percutaneous electrical nerve stimulation in neuropathic pain. Pain Med. 2011, 12,
1515–1522. [CrossRef]

18. Gilmore, C.; Ilfeld, B.; Rosenow, J.; Li, S.; Desai, M.; Hunter, C.; Rauck, R.; Kapural, L.; Nader, A.; Mak, J.; et al. Percutaneous
peripheral nerve stimulation for the treatment of chronic neuropathic postamputation pain: A multicenter, randomized, placebo-
controlled trial. Reg. Anesth. Pain Med. 2019, 44, 637–645. [CrossRef]

19. Loprinzi, C.L.; Lacchetti, C.; Bleeker, J.; Cavaletti, G.; Chauhan, C.; Hertz, D.L.; Kelley, M.R.; Lavino, A.; Lustberg, M.B.; Paice,
J.A.; et al. Prevention and Management of Chemotherapy-Induced Peripheral Neuropathy in Survivors of Adult Cancers: ASCO
Guideline Update. J. Clin. Oncol. 2020, 38, 3325–3348. [CrossRef]

20. Lu, C.; Bao, W.; Deng, D.; Li, R.; Li, G.; Zou, S.; Wang, Y. Efficacy of electroacupuncture with different frequencies in the treatment
of chemotherapy-induced peripheral neuropathy: A study protocol for a randomized controlled trial. Front. Neurol. 2022, 13,
843886. [CrossRef]

21. Li, R.; Lu, J.; Wang, M.; Zhang, P.; Fang, H.; Yang, K.; Wang, L.; Zhuang, J.; Tian, Z.; Yang, J.; et al. Ultrasound-Guided Median
Nerve Electrical Stimulation to Promote Upper Limb Function Recovery after Stroke. Evid. Based Complement. Altern. Med. 2022,
2022, 3590057. [CrossRef]

22. Chu, X.L.; Song, X.Z.; Li, Y.R.; Wu, Z.R.; Li, Q.; Li, Q.W.; Gu, X.S.; Ming, D. An ultrasound-guided percutaneous electrical nerve
stimulation regimen devised using finite element modeling promotes functional recovery after median nerve transection. Neural
Regen. Res. 2022, 18, 683–688. [CrossRef] [PubMed]

23. Hou, S.; Huh, B.; Kim, H.K.; Kim, K.-H.; Abdi, S. Treatment of Chemotherapy-Induced Peripheral Neuropathy: Systematic
Review and Recommendations. Pain Physician 2018, 21, 571–592. [CrossRef] [PubMed]

24. Velasco, R.; Bruna, J. Chemotherapy-induced peripheral neuropathy: An unresolved issue. Neurologia 2010, 25, 116–131. [CrossRef]
25. Weaver, K.R.; Griffioen, M.A.; Klinedinst, N.J.; Galik, E.; Duarte, A.C.; Colloca, L.; Resnick, B.; Dorsey, S.G.; Renn, C.L. Quantitative

Sensory Testing Across Chronic Pain Conditions and Use in Special Populations. Front. Pain Res. 2022, 2, 779068. [CrossRef]
26. Rolke, R.; Magerl, W.; Campbell, K.A.; Schalber, C.; Caspari, S.; Birklein, F.; Treede, R. Quantitative sensory testing: A comprehen-

sive protocol for clinical trials. Eur. J. Pain 2006, 10, 77. [CrossRef]
27. Zhi, W.I.; Baser, R.E.; Kwon, A.; Chen, C.; Li, S.Q.; Piulson, L.; Seluzicki, C.; Panageas, K.S.; Harte, S.E.; Mao, J.J.; et al.

Characterization of chemotherapy-induced peripheral neuropathy using patient-reported outcomes and quantitative sensory
testing. Breast Cancer Res. Treat. 2021, 186, 761–768. [CrossRef]

https://doi.org/10.1159/000209321
https://www.ncbi.nlm.nih.gov/pubmed/19420977
https://doi.org/10.1007/s40487-021-00168-y
https://www.ncbi.nlm.nih.gov/pubmed/34655433
https://doi.org/10.1136/rapm-2024-106229
https://doi.org/10.1177/1545968319899918
https://doi.org/10.1016/j.ygyno.2015.01.524
https://doi.org/10.1002/ana.24951
https://doi.org/10.1007/s13311-021-01142-2
https://doi.org/10.1016/j.ejpain.2007.07.013
https://www.ncbi.nlm.nih.gov/pubmed/17881268
https://www.ncbi.nlm.nih.gov/pubmed/20655255
https://doi.org/10.3390/biomedicines10081909
https://www.ncbi.nlm.nih.gov/pubmed/36009456
https://doi.org/10.1016/S0304-3959(99)00097-4
https://doi.org/10.2337/diacare.23.3.365
https://doi.org/10.1111/j.1526-4637.2011.01215.x
https://doi.org/10.1136/rapm-2018-100109
https://doi.org/10.1200/JCO.20.01399
https://doi.org/10.3389/fneur.2022.843886
https://doi.org/10.1155/2022/3590057
https://doi.org/10.4103/1673-5374.350215
https://www.ncbi.nlm.nih.gov/pubmed/36018194
https://doi.org/10.36076/ppj.2018.6.571
https://www.ncbi.nlm.nih.gov/pubmed/30508986
https://doi.org/10.1016/S0213-4853(10)70036-0
https://doi.org/10.3389/fpain.2021.779068
https://doi.org/10.1016/j.ejpain.2005.02.003
https://doi.org/10.1007/s10549-020-06079-2


Reports 2025, 8, 133 10 of 10

28. Cata, J.P.; Cordella, J.V.; Burton, A.W.; Hassenbusch, S.J.; Weng, H.R.; Dougherty, P.M. Spinal cord stimulation relieves
chemotherapy-induced pain: A clinical case report. J. Pain Symptom Manag. 2004, 27, 72–78. [CrossRef]

29. Li, T.; Mizrahi, D.; Goldstein, D.; Kiernan, M.C.; Park, S.B. Chemotherapy and peripheral neuropathy. Neurol. Sci. 2021, 42,
4109–4121. [CrossRef]

30. San-Emeterio-Iglesias, R.; Minaya-Muñoz, F.; Romero-Morales, C.; De-La-Cruz-Torres, B. Correct Sciatic Nerve Management to
Apply Ultrasound-Guided Percutaneous Neuromodulation in Patients with Chronic Low Back Pain: A Pilot Study. Neuromodula-
tion 2021, 24, 1067–1074. [CrossRef]

31. Xin, Y.Y.; Wang, J.X.; Xu, A.J. Electroacupuncture ameliorates neuroinflammation in animal models. Acupunct. Med. 2022, 40,
474–483. [CrossRef] [PubMed]

32. Ellrich, J.; Lamp, S. Peripheral nerve stimulation inhibits nociceptive processing: An electrophysiological study in healthy
volunteers. Neuromodulation 2005, 8, 225–232. [CrossRef] [PubMed]

33. Bari, A.; Pouratian, N. Brain imaging correlates of peripheral nerve stimulation. Surg. Neurol. Int. 2012, 3, 260–268. [CrossRef]
34. Lai, M.-I.; Pan, L.-L.; Tsai, M.-W.; Shih, Y.-F.; Wei, S.-H.; Chou, L.-W. Investigating the Effects of Peripheral Electrical Stimulation

on Corticomuscular Functional Connectivity Stroke Survivors. Top. Stroke Rehabil. 2016, 23, 154–162. [CrossRef]
35. Chen, X.H.; Han, J.S. Analgesia induced by electroacupuncture of different frequencies is mediated by different types of opioid

receptors: Another cross-tolerance study. Behav. Brain Res. 1992, 47, 143–149. [CrossRef]
36. Ghoname, E.S.; Craig, W.F.; White, P.F.; Ahmed, H.E.; Hamza, M.A.; Gajraj, N.M.; Vakharia, A.S.; Noe, C.E. The effect of stimulus

frequency on the analgesic response to percutaneous electrical nerve stimulation in patients with chronic low back pain. Anesth.
Analg. 1999, 88, 841–846.

37. Ahmed, S.; Haddad, C.; Subramaniam, S.; Khattab, S.; Kumbhare, D. The Effect of Electric Stimulation Techniques on Pain and
Tenderness at the Myofascial Trigger Point: A Systematic Review. Pain Med. 2019, 20, 1774–1788. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jpainsymman.2003.05.007
https://doi.org/10.1007/s10072-021-05576-6
https://doi.org/10.1111/ner.13396
https://doi.org/10.1177/09645284221076515
https://www.ncbi.nlm.nih.gov/pubmed/35229660
https://doi.org/10.1111/j.1525-1403.2005.00029.x
https://www.ncbi.nlm.nih.gov/pubmed/22151549
https://doi.org/10.4103/2152-7806.103016
https://doi.org/10.1080/10749357.2015.1122264
https://doi.org/10.1016/S0166-4328(05)80120-2
https://doi.org/10.1093/pm/pny278
https://www.ncbi.nlm.nih.gov/pubmed/30690516

	Introduction and Clinical Significance 
	Case Presentation 
	Patient Information 
	Clinical Findings 
	Patient Evolution 
	Diagnostic Assessment 
	Therapeutic Intervention 
	Study Variables and Follow-Up 
	Results 

	Discussion 
	Conclusions 
	References

