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Abstract: “Mixed pain” is a term recently introduced to define the overlapping of nociceptive, neu-
ropathic and nociplastic pain. To date, it has been reported that pharmacological treatments might
have a modest effectiveness on patients affected by mixed chronic pain, with detrimental conse-
quences in terms of disability, physical function and health-related quality of life. In this scenario,
Percutaneous Electrical Nerve Stimulation (PENS), a mini-invasive neuromodulation technique,
has been recently suggested as a promising approach for the complex management of mixed pain
in musculoskeletal disorders. Albeit PENS showed to be effective in reducing unspecified pain in
several chronic pain conditions, there is still a lack of evidence in the literature about its role in the
management of neuropathic or mixed pain not responsive to pharmacological treatments. Therefore,
by the present scoping review, we portray the potential effects of PENS in the multidisciplinary and
multidimensional management of mixed chronic pain in patients with musculoskeletal disorders.

Keywords: percutaneous electric nerve stimulation; chronic pain; rehabilitation; neuromodula-
tion; disability

1. Introduction

Pain is “an unpleasant sensory and emotional experience associated with, or resem-
bling that associated with, actual or potential tissue damage” [1]. Pain classification has
been recently revised in order to overcome the challenging and over-simplistic catego-
rization in purely neuropathic or purely nociceptive pain [1]. In this scenario, the term
“mixed pain” has been recently introduced in order to characterize the overlapping of
nociceptive, neuropathic and nociplastic pain [2]. This complex clinical presentation could
be phenotypically heterogeneous and characterized by a simultaneous presentation of
nociceptive, neuropathic and nociplastic pain [2].

The term “mixed pain” has been recently proposed to describe a condition charac-
terized by the concomitant presence of specific symptoms referrable to both nociceptive
and neuropathic pain [3]. Although mixed pain has not been mentioned in the recent
IASP classification, the current literature on this topic is exponentially raising exploring its
occurrence in several pathological conditions such as low back pain (LBP), osteoarthritis,
postsurgical and cancer pain. Moreover, mixed pain in these chronic pathological condi-
tions contributes to increased disability and impairment in terms of both physical function
and health-related quality of life (HRQoL) [3].
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In this context, the Percutaneous Electrical Nerve Stimulation (PENS) is a mini-
invasive neuromodulation technique that has been recently suggested as a promising
therapeutic intervention for the management of mixed and refractory pain in different
clinical conditions [4]. Moreover, this novel technique might be used to reduce both
pain perception in several musculoskeletal diseases of Physical Medicine and Rehabil-
itation (PRM) interest, including LBP [5], total knee arthroplasty [6], chronic pain after
amputation [7], opioid-resistant cancer pain [8] and overactive bladder in children [9].
Although PENS showed to be effective in reducing unspecified pain in several chronic
pain conditions, there is still a lack of evidence in the literature about its role in the man-
agement of neuropathic or mixed pain in musculoskeletal disorders not responsive to
pharmacological treatments.

Therefore, this scoping review aimed at summarizing the current literature focusing on
the mechanisms of action, clinical indications, safety and effectiveness of PENS treatment
in patients affected by mixed chronic pain conditions in the rehabilitation field.

2. Musculoskeletal Disorders Characterized by Mixed Chronic Pain

Pain is commonly classified in three different entities with peculiar characteristics:
nociceptive, neuropathic and nociplastic [10]. More in detail, nociceptive pain could be
defined as a protective system from potentially dangerous stimuli acting on nociceptors
after tissue damage and transducing the signal through unmyelinated C fibers and thinly
myelinated A fibers [11]. Conversely, neuropathic pain is generated by a lesion or disease
of the somatosensory nervous system and is considered a maladaptive pain consequent to
a diseased state of the nervous system [12]. Lastly, nociplastic pain arises from an altered
nociception despite no clear evidence of actual or threatened tissue damage, and without
any evidence of a somatosensory system lesion [1].

Most patients suffering from neuropathic pain require pharmacological treatment,
including first-line drugs, calcium-channel-acting modulators (pregabalin, gabapentin),
tricyclic antidepressants and serotonin-noradrenalin reuptake inhibitors (duloxetine, ven-
lafaxine). Moreover, second-line pharmacological approaches include several interventions
such as lidocaine patches, capsaicin, tramadol and opioids (morphine and oxycodone) and
botulinum toxin-A [13,14].

Pain could be also classified as acute, sub-acute and chronic [10]. Chronic pain is
defined as a painful condition lasting more than 3 months and is a crucial issue in several
pathological conditions with detrimental effects on Health-Related Quality of Life (HRQoL),
disability and, as a consequence, on direct and indirect sanitary costs [15].

Although, at present, several therapeutic options are available for the management of
chronic pain, a consistent number of patients might experience a persistent or refractory
pain [16-18]. In particular, more than one-half of patients suffering from neuropathic pain
are refractory to a single agent, suggesting that a combined therapy with different pharma-
cological agents such as antiepileptic and antidepressant drugs might be more effective to
treat this condition in these patients [2]. However, a multidisciplinary approach is strongly
recommended in patients not achieving relevant benefits from single interventions, in-
cluding psychoeducational interventions, mind-body therapies and physical exercise [19].
Unfortunately, evidence about the effectiveness of specific drug combinations in patients
suffering mixed chronic pain is still lacking, and the safety of combined pharmacological
treatments has still not been fully assessed [20].

In this context, a main component of mixed chronic pain is neuropathic pain, defined
as a consequence of various nerve damaging stimuli, which could affect both the peripheral
and the central nervous system, thus representing a somatosensory system dysfunction
or damage [12,21]. However, the maladaptive process sustaining the persistence of neu-
ropathic pain is only a central mechanism, also involving satellite glia and autonomic
neurons, which take part in a pain-promoting state in response to axonal damage [22].

A recent systematic review [23] highlighted that neuropathic pain components might
be experienced in 20 to 55% of LBP patients. Moreover, the majority of these patients seem
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to experience symptoms referrable to both neuropathic and nociceptive components [2].
Similarly, the recent systematic review and meta-analysis by French et al. [24] reported that
patients with osteoarthritis might experience pain with neuropathic features in 23% of cases,
suggesting that knee osteoarthritis is characterized by both nociceptive and neuropathic
pain components.

Pharmacological therapy (e.g., gabapentin, pregabalin, serotonin/noradrenaline reup-
take inhibitors and tricyclic antidepressants) has been considered the first-line approach
for patients with mixed pain for several years, albeit a recent meta-analysis showed that
these pharmacological treatments had a modest effectiveness in this condition [25]. In light
of these considerations, mixed chronic pain is a multifactorial and complex pathological
entity that often requires multidisciplinary management, including different professional
figures such as PRM physicians, algologists, psychiatrists and physical therapists [5,25]. In
this context, several non-pharmacological rehabilitative approaches have been proposed to
treat all the features of chronic pain, including physical exercise therapy, psychoeducational
interventions, physical therapies (e.g., transcutaneous electrical nerve stimulation (TENS))
and novel interventional techniques (e.g., oxygen-ozone therapy) [13,26,27].

In this complex scenario, PENS has been proposed as a promising neuromodulation
approach for the management of mixed chronic pain in patients affected by musculoskeletal
disorders [4].

3. Percutaneous Electrical Nerve Stimulation (PENS)

PENS is a mini-invasive neuromodulation technique that alters nerve impulses at
the subcutaneous level and might be effective in chronic and refractory pain manage-
ment [28]. Moreover, the mechanisms underpinning its positive effects in neuropathic
pain management involve the physiological gate control theory, recently implemented and
revisited [29].

To date, the gate control regulation theory indicates that inhibitory interneurons at the
spinal level are the keys that might open or close “the gate” to the painful sensation [30].
However, a large heterogeneity of interneurons has been identified, both excitatory (pain
facilitation) and inhibitory (pain inhibition). It has been hypothesized that specific an-
terograde signals might play a crucial role in gate control regulation; however, despite
the progress in the last decades in pain modulation circuits understanding, the precise
mechanisms underpinning inhibitory interneurons spinal circuits are far from being fully
understood [29].

In this scenario, a growing interest has been rising in the research field about neuron-
microglia communication with intriguing implications in neuropathic pain modulation.
Tsuda et al. [31] recently suggested that the purinergic receptor P2 x 4R might be involved
in the processing of somatosensory cardinal symptoms and principal components of
neuropathic pain, and in the process of cortex plasticity [31]. The authors concluded that,
despite the role of microglia in microgliosis, migration, phagocytosis and synaptic pruning
process, its direct effects on the pathogenesis and modulation of neuropathic pain are
still unclear.

Furthermore, one of the most widely investigated pathways in the spinal inhibitory
control of neuropathic pain involves the endogenous neuropeptide Y. However, its role as
a pain regulator is far from being completely understood due to the complex expression
of its receptors in both post-synaptic neurons and in the central terminals of primary
afferents [32]. Moreover, abnormal sensory messages stimulating the cortex areas might
induce stimulation in limbic regions that might be implicated in anxiety, depression and
sleep problems related to high neuropathic pain ratings [30]. Similarly, the cingulate cortex
and amygdala modulate descending controls projections from the periaqueductal grey to
the brainstem. At this level, maintenance of the pain state seems to be strictly related to the
brainstem excitatory pathways [30].

In this complex framework, a non-painful stimulus of a peripheral nerve could lead to
an increase in the neuronal electrical threshold together with a reduction in the conduction
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velocity, resulting in a lower excitability and inhibition of interneurons interrupting the
pain signaling [29]. Therefore, targeting specific levels involved in the neuropathic pain
circuits might have a role, not only in the pain relief, but also in the complex pathway
mentioned above with potential implication in the pain chronicization mechanisms [30].

Indeed, it has been demonstrated that pain relief induced by PENS treatment is
mediated by both Af fibers modulation and the local release of biochemical mediators
such as neurotransmitters and endorphins, hindering the pain response [28].

More in detail, an orthodromic stimulus applied on non-nociceptive A nerve fibers
activates respective dorsal horn interneurons and transmits the nociceptive information
to peripheral A and C fibers [28]. According to this neurophysiological dynamic, a non-
painful stimulus applied in a peripheral nerve territory can generate a decrease in pain
signals [28]. Moreover, non-nociceptive Af nerve fibers, after an anterograde activation,
might stimulate superficial layer interneurons in the Rexed laminae 2 and 3 of the dor-
sal horn, which usually process nociceptive signals and transmit the stimulus from C
fibers [33].

How could PENS modulate neuropathic pain? PENS might influence the abnormal
electrical discharge typical of chronic pain conditions, decreasing pain perception, a typi-
cal feature of neuropathic pain, throughout an electrical stimulation of non-nociceptive
fibers [34].

PENS consists of a subcutaneous neuromodulation of nerve structures, through 21
gauge 5 to 20 cm length modellable needle-electrode monopolar probes, inserted in the
skin; then, the probe is tunneled percutaneously through the use of an ultrasound guide
along the major axis of the painful area, within the subcutaneous tissue at a depth ranging
from 0.5 to 3 cm [35], as depicted by Figure 1.

PENS
Neurostimulator
device

Ultrasound
guide

Figure 1. The PENS probe tunneled percutaneously at the subcutaneous level through an ultra-
sound guide.

The probe is commonly connected to a neurostimulator device with a program of
sensitive stimulation at 100 Hz, with an intensity of 0.2 V until paresthesia along the
nerve pathway is obtained. Subsequently, a pulse frequency is commonly applied with
an intensity of 0.5 V and a frequency ranging between 2 Hz and 100 Hz every 3 s. The
stimulation protocol usually lasts at least 25 min, with continuous supervision by the
physician [35]. However, several stimulation programs are reported in the literature,
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characterized by heterogeneous intensity, frequency, duty cycles and treatment duration,
according to the different musculoskeletal disorders. The complete PENS treatment set up
is depicted in Figure 2.

Figure 2. PENS treatment in a patient with low back pain: the needle-electrode monopolar probe is
placed at lumbar level.

To date, the PENS technique has been defined as a “rapid emerging field” by the
National Institute for Health and Care Excellence (NICE) guidelines [36] and showed to be
safe, both in acute and chronic pain management [7,37,38]. Chakravarthy et al. showed
no complications nor side-effects, such as itching or bleeding from the puncture points
after removal of the device, in over 96 patients treated for postoperative pain following
cesarean section [39]. To date, the most common adverse event complained by patients in
the study of Cohen et al. was a mild discomfort during the probe implantation and/or
withdrawal [7].

PENS is not devoid of contraindications that are mainly related to the infective risk,
although it is a mini-invasive procedure. In addition, an implanted pacemaker/defibrillator
or neurostimulator is considered a common contraindication in the studies currently
available in the literature [5,37,38].

Therefore, in light of these considerations, PENS seems to be a safe and well-tolerated
therapy in patients suffering from neuropathic and mixed pain. Moreover, it might rep-
resent an additional therapeutical option in refractory pain or in patients with relevant
comorbidities that contraindicate a conventional approach or pharmacological therapies.
In addition, given the low interaction with other therapies, it could be integrated as a
complementary treatment with a multimodal rehabilitative intervention, including phar-
macological drugs, physical exercise, and instrumental rehabilitative techniques in order to
boost the benefits of conventional therapies [5,8,35-37].

However, further studies are warranted to better investigate its tolerability, safety and
effectiveness in different pathological painful conditions.

4. PENS for Low Back Pain

LBP affects 540 million people worldwide, and it is the most frequent disease suffered
by patients referred to the Italian Physical Medicine and Rehabilitation outpatient reha-
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bilitation services [40-42]. Indeed, LBP is one of the main causes of disability worldwide
with crucial implications in the rehabilitation field [41]. Thus, the American College of
Physicians recommended a multidisciplinary treatment including physical exercise, phar-
macological drugs, and interventional rehabilitative approaches for patients suffering from
chronic LBP [43].

Among instrumental physical therapies that might be used (e.g., TENS, ultrasound,
laser therapy, oxygen-ozone therapy) in the complex multidisciplinary management of
LBP [27,44-47], PENS could be mentioned among the innovative approaches to treat this
pathological condition, and few promising papers addressed this issue.

A randomized crossover study [5] investigated the effectiveness of PENS therapy,
compared with TENS, and physical exercise on pain management in LBP patients. The
authors performed a PENS treatment for 30 min, 3 times per week for 3 weeks, on a sample
of 50 patients diagnosed with LBP secondary to degenerative disk disease. Their findings
showed a significant decrease in Visual Analogue Scale (VAS) pain score in patients treated
with PENS compared to those treated with TENS and physical exercise, suggesting that
PENS was effective in providing short-term relief and improving physical function in long-
term LBP patients [5]. Hsieh and Lee [48] compared the efficacy of a single PENS treatment
compared to a single TENS treatment and medication only in 133 patients affected by
chronic LBP. They observed that both PENS and TENS induced a significant improvement
in VAS pain scale compared to the medication-only group, although no differences between
the two intervention groups emerged [48].

Despite these promising results, the long-term efficacy of PENS therapy on LBP is
still unclear. In 2004, a study [49] was conducted to evaluate the number of PENS sessions
needed to determine analgesic effect and the effect duration in LBP. Patients treated with
PENS showed a significant pain and physical impairment reduction, together with de-
creased NSAIDs use. Thus, they found a significant analgesic effect of cumulative sessions
of PENS; however, this benefit gradually faded after discontinuation of treatment [49].
Lastly, a randomized controlled trial [50] conducted with over 200 chronic LBP patients
found that all patients treated with PENS showed a reduction in pain and physical im-
pairment, even though general conditioning and aerobic exercise was more effective than
PENS alone in reducing fear avoidance beliefs.

Taking into account all these findings, PENS could be considered a valid therapeutic
option in patients suffering from chronic LBP, especially in those not responsive to pharma-
cological interventions, albeit further studies are warranted to support this hypothesis.

5. PENS for Chronic Knee Pain

Chronic knee pain is a frequent and disabling condition, commonly related to knee
osteoarthritis (KOA). KOA is a musculoskeletal disease characterized by a progressive
articular cartilage loss, formation of osteophytes, subchondral bone remodeling and joint
inflammation, with a subsequent increased disability and reduced HRQoL [51]. Thus, an
early diagnosis of KOA is needed to provide a prompt therapeutic approach [52].

Non-surgical treatments of symptomatic KOA could consist of rehabilitation and
pharmacological treatments, such as acetaminophen, NSAIDs and opioids [53]. However,
long-term anti-inflammatory treatment is burdened by various side effects, including
gastric lesions and a documented progressive decreasing efficacy [54]. Alternatively, intra-
articular injections with hyaluronic acid and glucocorticoids appeared to provide pain
relief and to recover the viscoelastic properties of the synovial fluid and, thus, might be
considered as a second-line approach in patients not responsive to acetaminophen and/or
NSAIDs [55].

Furthermore, considering the high prevalence of chronic knee pain (up to 25% of
adults) and the progressive ageing of the population [56], new therapeutic approaches are
strongly required to face this emerging medical need. Therefore, in the recent past, there
has been an increasing focus in other non-pharmacological treatments of KOA, including
focal vibration [57], intra-articular oxygen-ozone (O,03) therapy [58], radiofrequency (RF)
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ablation of genicular nerves [59], platelet-rich plasma (PRP) injections [60] and PENS [61].
In this context, PENS has been proposed as a novel therapeutic approach for KOA in
reducing pain and improve functioning [61]. Indeed, He et al. [61] investigated the use of
PENS on 72 patients affected by chronic knee pain, comparing real PENS + etoricoxib with
sham PENS + etoricoxib over an 8 week protocol. They found a significant improvement
in pain assessed through the Numeric Rating Scale and the Western Ontario and McMaster
Universities Arthritis Index in the real PENS + etoricoxib group, suggesting that this
multimodal approach could effectively treat chronic knee pain [61].

In conclusion, although little evidence is in the literature, we might hypothesize
a potential benefit of PENS treatment on chronic knee pain in terms of pain reduction.
However, further studies are warranted to support this hypothesis.

6. Other Applications and Future Perspectives

The role of PENS in chronic and refractory pain management has been also investi-
gated in other medical research fields, including oncology, gynecology and neurology.

Indeed, in 1998, Ahmed et al. [8] assessed the effects of PENS in the management
of opioid-resistant cancer pain in three cancer patients with bone metastases. More in
detail, the authors performed 30 min of electrical stimulation through acupuncture-like
needle probes, at 4-100 Hz of frequency, in three or more sessions. Their findings were
noteworthy, considering that significant pain relief lasted 24-72 h and was achieved in two
of three patients, supporting the hypothesis that PENS might be used as complementary
therapy to manage opioid-resistant cancer pain in terminal cancer patients [8]. In 2018,
Fu et al. [62] investigated the effectiveness of PENS treatment in reducing fatigue caused
by chemotherapy in 83 cervical cancer survivors. The authors found that PENS did
not significantly reduce fatigue, suggesting that its role should be limited only to pain
management [62].

Another application of this innovative technique could be for headache, as reported
by Ahmed et al. [63]. The authors assessed 30 patients with either tension headache,
migraine or posttraumatic headache symptoms, lasting for at least 6 months. The sample
was randomly divided into two groups: the first performed PENS (needles with electricity)
while the second performed a sham treatment (“needles alone”). The protocol consisted of
30 min, 3 times per week for 2 consecutive weeks. Moreover, according to the crossover
study design, after 1 week off, the patients underwent the other intervention. The authors
showed that PENS was significantly effective in decreasing the overall VAS pain scores
for tension-type headache, migraine and posttraumatic headache, suggesting the use of
this technique as a complementary therapy to analgesic and antimigraine drugs for the
short-term management of headache symptoms.

Taking into account all the possible clinical implications of a wide use of PENS
technique among clinicians, we might assume that this treatment strategy could rapidly
spread in the medical field as an effective and safe treatment acting on pain reduction.

7. Conclusions

In conclusion, this comprehensive review described the state of the- art about potential
applications of PENS in chronic mixed and refractory pain, suggesting its potential indica-
tion in the multimodal rehabilitative management of chronic musculoskeletal disorders.
As previously described, musculoskeletal disorders characterized by mixed chronic pain
are a crucial health issue with relevant implications in terms of residual disability and func-
tioning, and HRQoL impairment. These complex pathological conditions need multimodal
and comprehensive management characterized by effective therapeutic options, including
pharmacological drugs, physical exercise and instrumental rehabilitative techniques. In
this scenario, PENS might be considered a promising conservative and mini-invasive inter-
vention to manage mixed pain conditions and pain refractory to other pharmacological
interventions. To date, PENS efficacy and safety has been mainly investigated in LBP and
knee osteoarthritis only, but it is mandatory to underline that the high heterogeneity of the
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available literature on this topic does not allow to draw any strong conclusion. However,
the limited evidence summarized in this review might pave the way to future works on
this novel, promising technique, and future randomized controlled trials are warranted
to confirm the efficacy of PENS in the complex management of chronic and refractory
pain conditions.
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