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ABSTRACT

Starting point: Peripheral nerve paresis is a consequence of axonal
damage, which leads to muscle weakness, atrophy and functional
disability. Nerve regeneration is a slow process influenced by age,
location and type of lesion. The aim of this review article is to analyse
the current possibilities of using electrical stimulation in the therapy of
peripheral nerve paresis with a focus on its potential to influence axonal
regeneration.

Methodology: The article is based on a narrative search of the
professional literature (PubMed, Scopus, Web of Science) from 2000—
2025. Experimental studies on animal models, clinical studies and review
papers evaluating the effect of various types of electrical stimulation on
peripheral nerve regeneration were included.

Discussion: Current electrical stimulation is mainly important in
preventing muscle atrophy and maintaining muscle contractility, not in
directly supporting axonal regeneration. In contrast, invasive
electrostimulation applied perioperatively directly to the nerve activates
intracellular  signaling pathways, increases the expression of
neurotrophic  factors, and accelerates axonal regeneration.
Electroacupuncture, as a miniinvasive method, combines
neuromodulator effects with the possibility of outpatient application;
studies, primarily in animal models, confirm its effect on Schwann cell
proliferation, inhibition of apoptosis, and promotion of neuroplasticity.
Conclusion: Invasive electrostimulation and electroacupuncture appear
to be the most promising approaches for targeted influence on peripheral
nerve regeneration. Further research should be directed towards
optimizing stimulation parameters and verifying long-term clinical
outcomes, especially in the context of routine practice.
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1 INTRODUCTION

Peripheral paresis is the result of peripheral nerve damage. Clinically, it is manifested by the loss of
active movement in the muscles innervated by this nerve and a change in the perception of movement. It is
often directly related to more or less pronounced motor disability, which can negatively affect the quality
of patients life, especially in cases where the strength of the initial muscle is significantly reduced or com-
pletely disappeared !. Direct injury to a peripheral nerve is often an accompanying adverse event in trau-
matic injury to the upper or lower extremities. latrogenic damage is no exception. Local ischemia, oppres-
sion or immune or metabolic processes can lead to indirect nerve injury. The ability of the axon to regen-
erate depends on the patient's age, the mechanism of injury and the site of injury 2. For example, in the case
of digital nerve injury, the prognosis for regeneration is very good, whereas brachial plexus injury is usually
functionally devastating °. Currently, the treatment options for peripheral paresis, or rather the restoration
of active movement, are insufficient or unsatisfactory 3. The first-line treatment is exercise therapy com-
bined with electrical stimulation of palsy muscles.

The aim of the presented article is to point out the current possibilities of electrostimulation of dener-
vated muscle and the perspective of damaged nerve stimulation with an emphasis on electroacupuncture.

1.1 Factors influencing the course of motor recovery

Complete functional recovery of paretic muscles after peripheral nerve injury is rare in clinical practice.
Denervated muscles and sensory structures undergo progressive atrophic changes, leading to the
replacement of muscle fibers by fibrous or adipose tissue *°. This process is multifactorial and includes, in
particular:

* Prolonged axonal regeneration, which often exceeds the time during which the muscle is able to
maintain its structural integrity. Even with regular application of electrostimulation, not all muscle fibers
are preserved. This leads to their gradual atrophy and remodeling.

* Low number of regenerating axons that manage to grow to the insertion site in the muscle. This deficit
is partially compensated by the ability of reinnervated motor units to expand up to fivefold, which can
functionally replace 80% of the loss of motoneurons °.

» Non-specific targeting of regenerating axons, which may not always establish connections with the
original muscle fibers. Despite the increased sensitivity of the denervated muscle to regenerating axons, so-
called accidental reinsertion can occur, when the axon connects with fibers of another motor unit 7. This
phenomenon can lead to the phenomenon of synkinesis, typically observed, for example, in lesions of the
facial nerve, when functionally different muscle groups are activated simultaneously.

* Reduced blood flow in denervated muscle, which negatively affects the metabolic environment and
contributes to the progression of atrophy *.

Axonal injury not only affects the muscular system but also leads to complex changes at the central
nervous system (CNS) level, including cortical reorganization °. After peripheral nerve injury, spinal
motoneuron cells undergo apoptosis due to oxidative stress and increased expression of apoptosis-
regulating genes, including the TNF receptor. However, glial cell-derived neurotrophic factor (GDNF),
located in the vicinity of motoneuron cells, has been shown to prevent axotomy-induced motoneuron
atrophy '°. In response to the inflammatory reaction following peripheral nerve injury, microglia proliferate
in the spinal cord. Nerve growth factor (NGF) plays an important role in the regeneration of damaged
peripheral nerves. It is the first discovered and best described neurotrophic factor, known to have a critical
protective role in the development and survival of sympathetic and cholinergic forebrain neurons !' and
plays a key role in peripheral nerve regeneration .

1.2 Neurophysiological context of axon regeneration

The classification of peripheral nerve lesions according to Seddon distinguishes three basic types of
damage: neurapraxia, axonotmesis and neurotmesis. Neurapraxia represents the mildest form of conduction
disorder, which does not require specific treatment and usually resolves spontaneously within a window of
several hours to two weeks. In contrast, axonotmesis and neurotmesis are associated with a disruption of
axonal continuity, which leads to Wallerian degeneration - a process in which the distal axon stump is
fragmented and subsequently phagocytosis occurs by Schwann cells (SCs) and macrophages 315,
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Neurotmesis is further divided according to the extent of damage to the nerve sheaths (endoneurium,
perineurium, epineurium) '°. Partial regeneration may occur when the endoneurium is damaged, but lesions
of the perineurium and epineurium usually require surgical revision. Surgery on the peripheral nerve is also
performed in cases where conservative therapy is ineffective . It was found that after direct nerve suturing,
42% of axons regenerated into the muscle, compared to only 25% when using an autograft '8,

Axon regeneration is influenced by axonal transport and neurotrophic growth factors secreted by the
SC after nerve injury. The rate of regeneration is theoretically 1-3 mm/day. However, clinical practice does
not correspond to this and the rate depends on a number of factors. A realistic rate of 25 mm in 8-10 weeks
can be assumed °. In the case of peripheral nerve suture, a latent period of 3-7 days must also be taken into
account, during which axons pass through the surgical site 2°?2. The neuronal response of the SC to injury
is associated with the expression of neurotrophic factors, transcription factors, growth-stimulating
substances, cell adhesion molecules (e.g. N-cadherin), extracellular matrix components, intracellular
signaling enzymes and cytoskeletal cell surface regulatory proteins 23-°. The greatest secretion of growth
factors from the SC is reached on the 15th day after injury and returns to normal on the 35th day after injury
26 However, the ability of SCs to express growth factors gradually decreases over time, and continued
denervation leads to atrophy and apoptosis of SCs %’. SC atrophy causes a delay in axonal growth %
However, there is a possibility that growing axons can reactivate SCs, for example in the case of delayed
neurosurgery 2.

Another factor contributing to the delayed axonal regeneration are the endothelial cells forming the
blood-nerve barrier. Its disruption contributes to the delay of axonal regeneration 2°. Last but not least, it
may be the state of the endoneurial tube after the inflammatory reaction of macrophages. Long-term
absence of axons endoneurially can lead to the collapse of the endoneurial space or to excessive formation
of collagen fibers. These fibrotic changes cause thickening of the nerve sheaths, an increase in the content

of collagen and connective tissue, which reduces their elasticity and leads to less effective axon sprouting
30

1.3 Diagnosis of peripheral paresis

The current diagnosis of peripheral paresis is based on a combination of clinical examination,
electrophysiological methods and imaging techniques. A comprehensive approach begins with a quality
medical history and clinical examination by a physician, followed by a specific physiotherapeutic
examination, including kinesiological analysis. This approach includes the assessment of muscle strength,
range of motion, reflexes, sensory functions and is supplemented by specific functional tests. Part of the
functional diagnosis of peripheral nerve lesions is the assessment of nerve mechanosensitivity *!. A key
part of the diagnosis is needle electromyography (EMG), which can detect even very small changes in the
transmission of information from the peripheral nerve to the muscle. EMG is considered the gold standard
for accurately determining the nature and localization of the nerve lesion. Surface electromyography can
also be used as part of a comprehensive functional examination *2. Imaging methods include, for example,
ultrasound of peripheral nerves or magnetic resonance imaging, which allow the detection of compression,
neuroma or changes after trauma.

2  EXISTING TREATMENT OPTIONS FOR PERIPHERAL PARESIS

The principles of clinical treatment after nerve damage have not changed in a broader context over the
past 35 years, despite a significantly greater understanding of neuropathophysiology and corresponding
clinical outcomes **. In the case of complete lesions, when the macroscopic integrity of the nerve is im-
paired, surgical intervention is indicated, while partial or compressive lesions are usually treated conserva-
tively - rehabilitation including electrical stimulation of denervated muscles. This therapy is rather support-
ive and tries to delay atrophic changes in the muscle, maintain its elasticity and thus movement in the joint.
If reinnervation does not occur, it is important to find a compensatory mechanism.

The effect of electric current on tissue can cause a change in the membrane potential of nerve and muscle
fibers, leading to their depolarization. If the depolarization exceeds a threshold value, an action potential is
generated, which leads to the generation of a nerve impulse or muscle contraction in the case of a nerve
fiber.
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Historically, the effectiveness of electric current on muscle tissue was first described in the 18th century
by Luigi Galvani, which laid the foundation for modern electrotherapy. One of the first pieces of evidence
that low electric currents accelerate nerve regeneration after peripheral nerve injury was provided by Po-
meranz et al. 3. The direct effect of electrical stimulation on peripheral nerve regeneration, especially on
axonal growth, has so far been mainly observed in experimental studies on animal models and has not been
clearly demonstrated in clinical practice. Current evidence suggests that short-term electrical stimulation
can accelerate axonal growth and improve functional recovery, but its widespread use in clinical rehabili-
tation requires further research and standardization of protocols **.
In recent decades, various types of currents have been used with respect to intensity, frequency, nature
and localization of application. Electrostimulation can be divided into several categories according to the
type of application.

2.1 Non-invasive forms of electrostimulation

2.1.1 Muscle electrostimulation

Selective electrostimulation of denervated muscle is a non-invasive therapeutic approach in which an
electric current is applied through the skin. This term is also known as electrostimulation according to the
I/t curve (intensity—time). This expresses the relationship between the intensity of the stimulation current
and the pulse duration necessary to induce muscle contraction. This concept allows for targeted stimulation
of muscle fibers with different degrees of innervation.
In practice, oblique pulses with variable duration are
used 3373 since denervated muscles have a lower
ability to accommodate. The parameters of excitability
are monitored, in particular the contraction threshold,
chronaxy and rheobase *. The transmission of the
stimulation signal occurs through the conductive layers
of tissues — epidermis, dermis and subcutaneous tissue
— to the target muscle tissue. It has been shown that the
cathode has a greater stimulation potential *>~*7, which
is why it is often placed above the motor point of the
muscle (the area of the muscle in which the largest
number of neuromuscular junctions are located). Point
Picture I: Muscle electrostimulation electrodes are used for small muscles, and area elec-
trodes for larger muscles. Typical sti-mulation pulses
for denervated muscles range in duration from a few hundred ms *>%, In denervated muscles, it is necessary
to apply longer pulses and higher intensity due to the reduced excitability of the tissue, while in healthy or
partially reinnervated muscles, shorter pulses with lower intensity are sufficient *°. The intensity is chosen

so as to achieve a visible contraction without excessive discomfort to the patient. (Picture 1)

2.1.2 NMES (Neuromuscular Electrical Stim-
ulation) and FES (Functional Electrical Stim-
ulation)

NMES and FES are considered non-invasive
forms of electrical stimulation but are not intended to
stimulate completely denervated muscle in periph-
eral nerve paresis. However, they can be applied in
cases of partial denervation or following at least par-
tial reinnervation, when functional neuromuscular
transmission has been restored. While FES is inher-
ently focused on functional tasks and task-specific
3639 such as grasping or dorsiflexion

o5 S Ericos AR,

Picture 2 Functional electrical stimulation of nervus peroneus
to facilitate gait movements
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during walking (see picture 2), NMES primarily aims to elicit muscle contraction to facilitate activation,
strengthening or neuromuscular control.

2.2 Invasive forms of peripheral nerve electrostimulation

2.2.1 Perioperative invasive electrical stimulation

There are procedures in which stimulating electrodes are placed directly on the peripheral nerve, which
requires surgical intervention. These procedures are temporary, applied directly to the nerve during or
shortly after surgery in connection with surgical nerve reconstruction. Typical parameters of electrical sti-
mulation used in studies 3#4*** are quite consistent: most often a frequency of 20 Hz, a pulse width of 0.1—
1 ms, and an intensity in the range of 3-30 V (or around 2 mA) are applied. The duration of stimulation
varies between 20 and 60 minutes, with the electrodes placed proximal to the site of nerve damage during
or immediately after surgical reconstruction. This procedure is now considered a promising adjunct to neu-
rosurgical operations.

2.2.2 Electroacupuncture

It represents a relatively innovative method
in the treatment of peripheral paresis. It is a com-
bination of classical acupuncture with electrost-
imulation. It can be considered a miniinvasive
form of electrostimulation. Unlike invasive pe-
ripheral nerve stimulation, electrodes are not
placed directly into the peripheral nerve. Elec-
troacupuncture uses the introduction of thin nee-
dles into specific (acupuncture) points, thereby
overcoming the high skin resistance, which is a
certain limiting factor in transcutaneous elec-
trostimulation methods. Thanks to this, the elec-
tric current is applied to deeper layers, which al-
lows for more selective stimulation of target
neuromuscular structures * (picture 3).

Acupuncture pathways are considered energetic in traditional medicine. Their partial anatomical cor-
relation with the course of peripheral nerves can be pointed out (e.g. nervus radialis — colon pathway, nervus
peroneus profundus — stomach pathway, nervus peroneus superficialis — gallbladder pathway) *°.

Picture 3: Electroacupuncture

2.3 Further insights into influencing peripheral nerve regeneration

Advances in treatment include the application of cell cultures (Schwann cells, mesenchymal cells, bone
marrow cells) that produce growth factors to the site of nerve injury *’. However, conservative pharma-
cotherapy (B vitamins, methylcobalamin, exogenous neurotrophic factors) has been shown to be ineffective
due to the low concentration of drugs at the site of nerve injury *>°,

3 METHODS

This review article is based on a narrative search of the scientific literature focused on the use of elec-
trical stimulation in the therapy of peripheral nerve paresis. The search was conducted in the databases
PubMed, Scopus and Web of Science from 2000 to 2025. The main included studies were experimental
studies on animal models, clinical studies and review articles that dealt with the effect of different types of
electrical stimulation on peripheral nerve regeneration. Studies were selected based on relevance to the
topic, availability of full text and presence of measurable outcomes related to axon regeneration. In total,
approximately 60 studies were analyzed, most of which focused on electroacupuncture and invasive elec-
trical stimulation.
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4 DISCUSSION
The direct effect of electrical stimulation in the area of damaged nerve on regeneration, or rather on
axonal growth, has so far been mainly observed in experimental studies on animal models. Current evidence
suggests that short-term electrical stimulation can accelerate axonal growth and improve functional re-
covery, but its widespread use in clinical rehabilitation requires further research and standardization of
protocols 2>

4.1 Potential of electrostimulation of denervated muscles

Although muscle electrical stimulation is widely used, its effect on axon regeneration itself remains
controversial. The aim of this stimulation is to preserve the contractile ability of the muscle, slow its atro-
phy, and extend the time window for peripheral nerve reinnervation.

Application of NMES to partially reinnervated muscle may further contribute to improving muscle
strength, increasing perfusion, and preserving muscle volume >'.

In functional electrical stimulation (FES), the effect of electrical stimulation is enhanced by stimulating
the muscle during movement **. While systematic reviews demonstrate that FES supports motor learning
and neuroplasticity mainly in patients with central nervous system lesions, in peripheral nerve paresis the
primary benefit lies in functional movement facilitation and improvement of movement patterns rather than
in direct induction of motor learning .

4.2 The potential of invasive electrical stimulation for peripheral nerve regeneration

Perioperative electrical stimulation has been shown to be an effective tool for promoting peripheral nerve
regeneration ***, Direct postsurgical electrical stimulation has been shown to have a positive effect on
axonal regeneration, as brief stimulation (typically 20 Hz for 20—60 min) applied immediately after nerve
suturing activates intracellular signaling pathways (e.g., cCAMP elevation) that promote growth factor ex-
pression and accelerate axonal regeneration. It also stimulates the SC, creating an optimal environment for
remyelination and reinnervation of target muscles *. Clinical studies have shown that this method leads to
faster recovery of sensory and motor functions compared to standard surgical reconstruction without stim-
ulation, without significant adverse effects. This approach is therefore considered a promising adjunct to
neurosurgical procedures to improve the functional outcome of peripheral nerve regeneration #0:43:4433.34,

The positive effect of electroacupuncture on axonal regeneration in combination with rehabilitation pro-
cedures has been repeatedly demonstrated in experimental studies on animal models **>~’. Electroacupunc-
ture in patients with peripheral facial nerve palsy has led to a better prognosis of functional recovery com-
pared to conventional methods *®. The mechanisms of action include inhibition of neuronal apoptosis and
reduction of the peripheral inflammatory response, which promotes nerve fiber regeneration and accelerates
the recovery of muscle function *°. Furthermore, it has been found that electroacupuncture stimulates the
proliferation of Schwann cells, which play a key role in the process of remyelination and axonal growth
6061 ‘The regenerative potential is mediated by the increased expression of neurotrophic factors, especially
nerve growth factor (NGF), and other molecules that migrate towards the cathode 2. Another important
mechanism is the influx of Ca*" ions into the proximal end of the severed axon, which activates growth-
promoting signaling pathways %. Placing the cathode distal to the lesion site accelerates regeneration, while
its proximal position slows this process . Electroacupuncture is more effective than classical acupuncture,
not only in terms of peripheral regeneration, but also in its effect on the reorganization of the somatosensory
cortex, which suggests its ability to support neuroplasticity of the central nervous system %6, The param-
eters used for electroacupuncture range from a frequency of 5-20 Hz, an intensity of 0.2—2 mA, a duration
of one application of 15 minutes, with a frequency of 56 times a week for a period of 4 weeks to 4 months
57,62,65,66

Our current clinical experience and available evidence also point to the positive effect of electroacu-
puncture on accelerating the return of motor function. This method appears to be the most promising for
the possibility of directly influencing nerve regeneration. The advantages of electroacupuncture include
mini invasive and relatively simple application by an erudite physician. Its minimal invasive nature allows
for safe and repeated outpatient application. We have not encountered any major complications or adverse
effects while using this method. It can also be used for muscle electrostimulation.
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4.3 Limits of current evidence

Although available experimental and clinical studies suggest the potential benefit of electrostimulation
in promoting peripheral nerve regeneration, the current level of evidence has several significant limitations.
Most published studies evaluating the direct effect of electrostimulation on axonal regeneration have been
conducted in animal models. These results cannot be directly transferred to clinical practice. Another sig-
nificant limitation is the considerable heterogeneity of the stimulation parameters used, including fre-
quency, intensity and duration of application, which make it difficult to compare individual studies and
formulate uniform recommendations. In the case of electroacupuncture, most of the available evidence is
based on experimental studies or clinical studies with a limited number of patients and different methodol-
ogies. Although the results suggest a beneficial effect on peripheral nerve regeneration and functional re-
covery, there is still a lack of high-quality randomized controlled trials that would allow us to clearly de-
termine its effectiveness and optimal therapeutic protocols.

S CONCLUSIONS

Recent findings suggest that there is sufficient evidence to change the approach to the treatment of
peripheral nerve palsy. Selective electrical stimulation of denervated muscle is of primary importance in
maintaining muscle activity, preventing atrophy and extending the time window for reinnervation, but not
in directly promoting axonal regeneration.

In contrast, invasive electrical stimulation appears to be a promising adjunct to surgical nerve recon-
struction, as clinical studies confirm faster recovery of motor and sensory functions with minimal risk of
adverse effects. Electroacupuncture represents another promising miniinvasive method that combines neu-
romodulatory effects with the possibility of outpatient application. Studies show that it not only accelerates
the return of motor function, but also supports neuroplasticity of the central nervous system. Both methods
— perioperative invasive stimulation and electroacupuncture — thus appear to be the most promising ap-
proaches for targeted influence on peripheral nerve regeneration, either directly within the surgical proce-
dure or during subsequent rehabilitation. Further research should be directed towards optimizing stimula-
tion parameters and verifying long-term functional results, especially in the context of clinical practice.

Zusammenfassung

Die Einleitung: die periphere Nervenparesen sind eine Folge von Axonschiddigungen, die zu Muskelschwiche, Atrophie und letztlich funktioneller Behinderung
fiihren. Nervenregeneration ist ein langsamer Prozess, der durch Alter, Lokalisation und Art der Lision beeinflusst wird. Das Ziel dieses Ubersichtsartikels ist
es, die aktuellen Méglichkeiten der Anwendung von Elektrostimulation bei der Behandlung der peripheren Nervenparese zu analysieren, mit Fokus auf ihr
Potenzial zur axonalen Regeneration.

Die Methoden: der Artikel basiert auf einer narrativen Literaturiibersicht (PubMed, Scopus, Web of Science) von 2000-2025. Experimentelle Studien mit
Tiermodellen, klinische Studien und Ubersichtsarbeiten, die die Wirkung verschiedener Arten von Elektrostimulation auf die Regeneration peripherer Nerven
bewerten, wurden eingeschlossen.

Die Diskussion: die gegenwirtige Elektrostimulation ist besonders wichtig zur Verhinderung von Muskelatrophie und zur Aufrechterhaltung der Muskelkon-
traktilitét, nicht zur direkten Unterstiitzung der axonalen Regeneration. Andererseits aktiviert invasive Elektrostimulation, die perioperativ direkt auf den Nerv
angewendet wird, die intrazelluldren Signalwege, erhoht die Expression neurotropher Faktoren und beschleunigt die axonale Regeneration. Die Elektroakupunk-
tur als minimalinvasive Methode kombiniert neuromodulatorische Effekte mit der Moglichkeit ambulanter Anwendung; Studien hauptséchlich an Tiermodellen
bestatigen ihre Wirkung auf die Schwann-Zellen, die Hemmung der Apoptose und die Férderung der Neuroplastizitét.

Die Schlussfolgerung: invasive Elektrostimulation und Elektroakupunktur scheinen ein vielversprechender Ansatz zur gezielten Beeinflussung der peripheren
Nervenregeneration zu sein. Weitere Forschung sollte darauf ausgerichtet werden, die Stimulationsparameter zu optimieren und langfristige klinische Ergebnisse
zu tberpriifen, insbesondere im Kontext der routineméBigen Praxis.

Die Schliisselworter: Elektrostimulation, Elektroakupunktur, periphere Nervenverletzungen, Nervenregeneration, Schwann-Zellen, neurotrophe Faktoren.

REFERENCES
1 Lopes B et al. (2022). “Peripheral Nerve Injury Treatments and Advances: One Health Perspective”. Int J Mol Sci. 23(2):918.
doi: 10.3390/ijms23020918.
2 Bugalova, M. (2023). “Lézie periférnych nervov na hornej koncatine”. Rehabilitacia. 60(3), 208-215. doi:

10.61983/Icrh.v60i3.7.


https://doi.org/10.61983/lcrh.v60i3.7
https://doi.org/10.61983/lcrh.v60i3.7

10

13

14

16

17

19

20

21
22

23

24

25

26

JOURNAL REHABILITACIA, VOL. 63(3)/2026, P221-232

Faroni A et al. (2015) “Peripheral nerve regeneration: experimental strategies and future perspectives”. Adv Drug Deliv Rev.
82-83:160-167. doi: 10.1016/j.addr.2014.11.010.

Lundborg G. (2000) “A 25-year perspective of peripheral nerve surgery: evolving neuroscientific concepts and clinical sig-
nificance”. J Hand Surg Am. 25:391-414. doi: 10.1053/jhsu.2000.4165.

Mucha C. (2002) “Elektroterapeutické postupy v rehabilitacnej lie€be peronealnej parézy”. Rehabilitacia, Vol 35, No.2.
Gordon T et al. (1993). “Recovery potential of muscle after partial denervation: a comparison between rats and humans”.

Brain Res. Bull. 30: 477-482. doi: 10.1016/0361-9230(93)90281-f.

Thomas CK et al. (1987). “Patterns of reinnervation andmotor unit recruitment in human hand muscles after complete ulnar
andmedian nerve section and resuture”. J Neurol Neurosurg Psychiatry. 50: 259-268. doi: 10.1136/jnnp.50.3.259.

Chu XL et al. (2022). “Basic mechanisms of peripheral nerve injury and treatment via electrical stimulation”. Neural Regen
Res. 17(10):2185-2193. doi: 10.4103/1673-5374.335823.

Dahlin LB. (2004). “The biology of nerve injury and repair”. J Am Soc Surg Hand. 4:143-155. doi:
10.1016/j.jassh.2004.06.006.

Henderson CE et al. (1994). “GDNF: a potent survival factor for motoneurons present in peripheral nerve and muscle”. Sci-
ence. 11;266(5187):1062—4. doi: 10.1126/science.7973664.

Aloe L et al. (2015). “Nerve Growth Factor: A Focus on Neuroscience and Therapy”. Curr Neuropharmacol.. 13: 294-303.
doi: 10.2174/1570159x13666150403231920.

Yu H et al. (2014). “Local delivery of controlled released nerve growth factor promotes sciatic nerve regeneration after crush
injury”. Neurosci Lett. 566:177-181. doi: 10.1016/j.neulet.2014.02.065.

Waller A. (1850). “Experiments on the section of the glossopharyngeal and hypoglossal nerves of the frog, and observations
of the alterations produced thereby in the structure of their primitive fibres”. Trans. R. Soc. Lond. 140: 423-429. doi:
10.1098/rst1.1850.0021.

Avellino AM et al. (1995). “Differential macrophage responses in the peripheral and central nervous system during Wallerian
degeneration of axons”. Exp. Neurol. 136: 183—198. doi: 10.1006/exnr.1995.1095.

Hirata K, Kawabuchi M. (2002). “Myelin phagocytosis by macrophages and nonmacrophages during Wallerian degenera-
tion”. Microsc. Res. Tech. 57: 541-547. doi: 10.1002/jemt.10108.

Sunderland S. (1951). “A classification of peripheral nerve injuries producing loss of function”. Brain. 74:491-516. doi:
10.1093/brain/74.4.491.

Midha R, Grochmal J. (2019). “Surgery for nerve injury: current and future perspectives”. J Neurosurg. 130:675-685. doi:
10.3171/2018.11.JNS181520.

De Ruiter et al. (2008). “Misdirection of regenerating motor axons after nerve injury and repair in the rat sciatic nerve model”.
Exp. Neurol. 211, 339-350. doi: 10.1016/j.expneurol.2007.12.023.

Al-Majed AA et al. (2000). “Brief electrical stimulation promotes the speed and accuracy of motor axonal regeneration”. J
Neurosci. 20(7): 2602-2608. doi: 10.1523/JNEUROSCI.20-07-02602.2000.

Gutmann E et al. (1942). “The rate of regeneration of nerve”. J Exp Biol. 19 (1): 14-44. doi: 10.1093/oxfordjour-
nals.bmb.a070228.

Sunderland S. (1978). “Nerve Injuries”. London: Churchill Livingstone. ISBN: 0443016534, 9780443016530.

Kline DG, Hudson AR. (1995). “Nerve injuries: operative results for entrapments and tumors”. Philadelphia: Saunders. Doi:
doi:10.1302/0301-620X.78B3.0780513.

Doster SK et al. (1991). “Expression of the growth-associated protein GAP-43 in adult rat retinal ganglion cells following
axon injury”. Neuron. 6: 635-647. doi: 10.1016/0896-6273(91)90066-9.

Raivich G, Makwana M. (2007). “The making of successful axonal regeneration: genes, molecules and signal transduction
pathways”. Brain Res Rev. 53:287-311. doi: 10.1016/j.brainresrev.2006.09.005 .

Gordon T, Borschel GH. (2017). “The use of the rat as a model for studying peripheral nerve regeneration and sprouting after
complete and partial nerve injuries”. Exp Neurol. 287:331-347. Doi: 10.1016/j.expneurol.2016.01.014.

McGregor CE, English AW. (2018). “The role of BDNF in peripheral nerve regeneration: activity-dependent treatments and
Val66Met”. Front Cell Neurosci. 12:522. doi 10.3389/fncel.2018.00522.


https://pubmed.ncbi.nlm.nih.gov/?term=Henderson+CE&cauthor_id=7973664
https://doi.org/10.1098/rstl.1850.0021
https://doi.org/10.3171/2018.11.JNS181520
https://doi.org/10.1093/oxfordjournals.bmb.a070228
https://doi.org/10.1093/oxfordjournals.bmb.a070228
https://doi.org/10.3389/fncel.2018.00522

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46
47

48

JOURNAL REHABILITACIA, VOL. 63(3)/2026, P221-232

Ronchi G et al. (2017). “Irreversible changes occurring in long-term denervated Schwann cells affect delayed nerve repair”. J
Neurosurg. 127:843-856. doi: 10.3171/2016.9.JNS16140.

Reinhold AK, Rittner HL. (2017). “Barrier function in the peripheral and central nervous system-a review”. Pflugers Arch.
469:123-134. doi: 10.1007/s00424-016-1920-8.

Yi S et al. (2017). “Microarray and qPCR analyses of wallerian degeneration in rat sciatic nerves”. Front Cell Neurosci. 11:22.
doi:10.3389/fncel.2017.00022.

Krarup C et al. (2017). “Sensation, mechanoreceptor, and nerve fiber function after nerve regeneration”. Ann Neurol. 82:940—
950. doi: 10.1002/ana.25102.

Jendrichovsky J, Jendrichovsky M. (2025). “Funk¢né vychodiska diferenciacie podielu mechanosenzitivity neuralnych
Struktar na klinickom obraze radikularnej a periférnej neuropatickej bolesti”. Rehabiliticia. 62(2):86-93. doi:
https://doi.org/10.61983/Icrh.v62i2.100

Kolafova B et al. (2019). “Pocitacové a robotické technologie v klinické rehabilitaci: moznosti vySetfeni a terapie (2.,
prepracované a doplnéné vydani)”. Olomouc: Univerzita Palackého v Olomouci. ISBN 978-80-244-5403-0.

Pomeranz B, Campbell JJ. (1993). “Weak electric current accelerates motoneuron regeneration in the sciatic nerve of ten-
month-old rats”. Brain Research. 603: 271-278. doi:10.1016/0006-8993(93)91247-P.

Gordon T, English AW. (2016). “Strategies to promote peripheral nerve regeneration: electrical stimulation and/or exercise”.
Eur J Neurosci. 43(3):336-50. doi: 10.1111/ejn.13005.

Pieber K et al. (2015). “Optimizing stimulation parameters in functional electrical stimulation of denervated muscles: a cross-
sectional study”. J Neuroeng Rehabil. 7:12:51. doi: 10.1186/s12984-015-0046-0.

Robinson AJ. (2008). ,,Physiology of muscle and nerve. In: Robinson AJ, Snyder-Mackler L, editors. Clinical electrophysio-
logy: electrotherapy and electrophysiologic testing®. Baltimore: Lippincott Williams & Wilkins. pp. 71-105. ISBN:
9780781744843.

Low J, Reed A. (2000). “Electrical stimulation of nerve and muscle”. Low J, Reed A, editors. Electrotherapy explained: prin-
ciples and practice. Oxford, UK: Butterworth-Heinemann. pp. 53—140.

Cummings JP. (1985). “Conservative management of peripheral nerve injuries utilizing selective electrical stimulation of
denervated muscle with exponentially progressive current forms”. J Orthop Sports Phys Ther. 7(1):11-15. doi:
10.2519/jospt.1985.7.1.11.

Vitek J, Kolarova B. (2026). “Bezprostiedni biomechanické a fyziologické zmény v kontextu okamzitého uc¢inku peronealni
funkéni elektrostimulace: pilotni studie”. Rehabilitacia. 63(1), 13-22. doi: 10.61983/lcrh.v63il1.144.

Huang J et al. (2013). “Electrical stimulation accelerates nerve regeneration and functional recovery in delayed peripheral
nerve injury in rats”. Eur J Neurosci. 38: 3691-3701. doi: 10.1111/ejn.12370.

Power HA et al. (2020). “Postsurgical electrical stimulation enhances recovery following surgery for severe cubital tunnel
syndrome: a double-blind randomized controlled trial”. Neurosurgery. 86:769—777. doi: 10.1093/neuros/nyz322.

Wong JN et al. (2015). “Electrical stimulation enhances sensory recovery: a randomized controlled trial”. Ann Neurol. 77:996—
1006. doi: 10.1002/ana.24397.

Juckett L et al. (2022). “The Effect of Electrical Stimulation on Nerve Regeneration Following Peripheral Nerve Injury”.
Biomolecules. 12;12(12):1856. doi: 10.3390/biom12121856.

Coroneos Ch eet al. (2025). “Clinical evaluation of a novel disposable neurostimulator used to accelerate regeneration of in-
jured peripheral nerves in the hand”. Bioelectron Med. 25;11(1):9. doi: 10.1186/s42234-025-00171-y.

Zhang R et al. (2014). “Mechanisms of acupuncture—electroacupuncture on persistent pain”. Anesthesiology. 120(2):482-503.
doi: 10.1097/ALN.0000000000000101.

Focks C. (2008). “Atlas of acupuncture”. Churchill: Livingstone. ISBN 978-0-443-10028-4.

Kubiak CA et al. (2020). “Stem-cell-based therapies to enhance peripheral nerve regeneration”. Muscle Nerve. 61:449—459.
doi:10.1002/mus.26760.

Ehmedah A et al. (2019). “Vitamin B complex treatment attenuates local inflammation after peripheral nerve injury”. Mole-

cules. 24:4615. doi: 10.3390/molecules24244615.


https://doi.org/10.3171/2016.9.JNS16140
https://doi.org/10.3389/fncel.2017.00022
https://doi.org/10.1002/ana.25102
https://doi.org/10.61983/lcrh.v62i2.100
https://doi.org/10.1016/0006-8993(93)91247-P
https://doi.org/10.1186/s42234-025-00171-y
https://doi.org/10.3390/molecules24244615

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

JOURNAL REHABILITACIA, VOL. 63(3)/2026, P221-232

Karagyaur M et al. (2020). “A bicistronic plasmid encoding brain-derived neurotrophic factor and urokinase plasminogen
activator  stimulates peripheral nerve regeneration after injury”. J Pharmacol Exp Ther. 372:248-255.
doi:10.1124/jpet.119.261594.

Sawangjit R et al. (2020). “Efficacy and safety of mecobalamin on peripheral neuropathy: a systematic review and meta-
analysis of randomized controlled trials”. J Altern Complement Med. 26:1117-1129. doi: 10.1089/acm.2020.0068.
Ackermann P et al. (2024). “Unlocking the potential of neuromuscular electrical stimulation: achieving physical activity
benefits for all abilities”. Front Sports Act Living. 29:6:1507402. doi: 10.3389/fspor.2024.1507402.

Schick, T. (2022). “Evidence on Functional Electrical Stimulation”. Schick, T. (eds) Functional Electrical Stimulation in Neu-
rorehabilitation. Springer. doi: 10.1007/978-3-030-90123-3 17.

Geremia NM et al. (2007). “Electrical stimulation promotes sensory neuron regeneration and growth-associated gene expres-
sion”. Exp Neurol. 205: 347-359. doi: 10.1016/j.expneurol.2007.01.040.

Ni L et al. (2023). “Electrical stimulation therapy for peripheral nerve injury”. Front Neurol. 24;14:1081458. doi:
10.3389/fneur.2023.1081458.

Tang YJ et al. (2016). “Direct electrical stimulation on the injured ulnar nerve using acupuncture needles combined with
rehabilitation accelerates nerve regeneration and functional recovery - A case report”. Complement Ther Med. 24: 103—-107.
doi: 10.1016/j.ctim.2015.12.003.

Hoang GS et al. (2012). “Electro-acupuncture on functional peripheral nerve regeneration in mice: a behavioural study”. BMC
Complement Altern Med. 12:141. Doi: 10.1186/1472-6882-12-141.

Zhang CH et al. (2019). “Diffusional plasticity induced by electroacupuncture intervention in rat model of peripheral nerve
injury”. J Clin Neurosci. 69: 250-256. Doi: doi: 10.1016/j.jocn.2019.08.088.

Wang WH et al. (2020). “Electroacupuncture Is Effective for Peripheral Facial Paralysis: A Meta-Analysis. Evid Based Com-
plement Alternat Med. 31:5419407. doi: 10.1155/2020/5419407.

Fei J et al. (2019). “Electroacupuncture promotes peripheral nerve regeneration after facial nerve crush injury and upregulates
the expression of glial cell-derived neurotrophic factor”. Neural Regen Res. 14(4): 673—682. doi: 10.4103/1673-5374.247471.
Li QW. (2007). “Effect of electro-acupuncture on s-100 protein expression of nerve fibers in the repair process of transected
sciatic nerve in rats”. J. Acupunct. Tuina. Sci. 5:10-13. doi: 10.1007/s11726-007-0010-z.

Hu LN et al. (2018). “Electroacupuncture and moxibustion promote regeneration of injured sciatic nerve through Schwann
cell proliferation and nerve growth factor secretion”. Neural Regen Res. 13(3):477—483. doi:10.4103/1673-5374.228731
Zhang M et al. (2018). “Effect of long-term electroacupuncture stimulation on recovery of sensorimotor function after periph-
eral nerve anastomosis”. Acupunct Med. 36:170-175. doi: 10.1136/acupmed-2017-011367.

Inoue M et al. (2003). “The Effects of Electroacupuncture on Peripheral Nerve Regeneration in Rats”. Acupunct Med. 21(1-
2):9-17. doi: 10.1136/aim.21.1-2.9.

Napadow V et al. (2005). “Effects of electroacupuncture versus manual acupuncture on the human brain as measured by
fMRI”. Hum Brain Mapp. 24: 193-205. doi: 10.1002/hbm.20081.

Wu JJ et al. (2018). “A Longitudinal Mapping Study on Cortical Plasticity of Peripheral Nerve Injury Treated by Direct
Anastomosis and Electroacupuncture in Rats”. World Neurosurg. €267-¢282. doi: 10.1016/j.wneu.2018.02.173.

Wu JJ et al. (2018). “Cortical remodeling after electroacupuncture therapy in peripheral nerve repairing model”. Brain Res.

1690:61-73. doi: 10.1016/j.brainres.2018.04.009.

10


https://doi.org/10.1124/jpet.119.261594
https://doi.org/10.3389/fspor.2024.1507402
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+WH&cauthor_id=32328134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fei%20J%5BAuthor%5D&cauthor=true&cauthor_uid=30632508
file:///C:/Users/64196/Desktop/Ph.D/Electroacupuncture%20promotes%20peripheral%20nerve%20regeneration%20after%20facial%20nerve%20crush%20injury%20and%20upregulates%20the%20expression%20of%20glial%20cell-derived%20neurotrophic%20factor.html
https://doi.org/10.4103/1673-5374.228731
https://pubmed.ncbi.nlm.nih.gov/?term=Inoue+M&cauthor_id=12924841

JOURNAL REHABILITACIA, VOL. 63(3) /2026, P221-232

= AQUATIZER QZ - 240 [IN[@ey:
™

Suché hydromasaz Daévkovac plynu

;}

AQUADELICIA

~eag 9%°

Celotelové anatomicky
tvarované vane pre virivd,

ﬂ m E DE x Im erlickovi a podvodni masaz

AQUAPEDIS Il [FAGl0/pIZ618  AQUAPEDIS |
Ty ' Unikétna kombinovana MINI =
ﬁ | vaia pre virivd
) a perlickovi masaz
“g\j hornych i dolnych

] £ -~ konéatin
' \ ".' 7 (vhodna na podavanie
N bahennych

a minerélnych
procedur)

—

-
~ 1T

Najpredavanejsi model sedacej
virivky - jedin sedacia virivka
s tryskami na chodidla

konéatinovy galvanicky kapel

MEDEXIM spol. s r.o.

HIiboka 58,921 0| Piestany, Slovakia

tel.: +42| 33 7724035, 7724687, 7724259
fax: +421 33 7725189

e-mail: medexim@medexim.sk
www.medexim.sk

11



JOURNAL REHABILITACIA, VOL. 63(3)/2026, P221-232

estabilné ?obloéku; . stabilnd 2tay;,

PC vanki§ kostriovj ikl
K30 925

L5500 0D 1. 7. 2013 PC vankas
" -BEZDOPLATKU! WK

Usegovy vankis detsky
K30 926 (37 x 27¢m

~
FHRAN (Ol
ey e, Dok atp RITR

™ e Usegovy vankis
SRR K 30 926 (46 x 37¢n)

n A %
°Jy PROAINESIS sro.  zanvotmice pomacky schvalené SUKL,

vyroba a predaj rehabilitacnych pomocok / :
Csl. parasutistov 11, 931 03 Bratislava zaraden¢ do vestnika MZSR,

0908 710 536, 0907 726 329 hradené vietkymi zdravotnymi poistoviiami

I YIT R yfokin esis.s k_

REHABILITACIA, vedecko-odborny, recenzovany ¢asopis pre otazky lie¢ebnej, pracovnej, psychosocidlnej a vychovnej rehabilitécie. Vyda-
va Vydavatelstvo LIECREH, s. r. 0. Zodpovedny redaktor: Anton Gith. Kontaktna adresa redakcie a distribicie: LIECREH, s. r. 0. Na barine 16,
841 03 Bratislava, ICO 366 756 61, tel. 00421/2/902 612 501, e-mail: rehabilitacia@rehabilitacia.sk. Casopis neprechadza jazykovou tpravou.
Sadzba, korektiry a technickd spolupraca: Liecreh, s. r. o. Tlaciaren: Faber, Bratislava. Vychadza 4-krdt ro¢ne v posledny den Stvrtroku (31. 3.,
30. 6., 30. 9. a 31. 12.) jeden zodit stoji 8 eur vratane DPH alebo 196 K¢ vratane DPH (pre Cesko) - platné pre rok 2024. Objednévky na predplat-
né (aj do zahrani¢ia) a inzertn plochu prijima redakcia na kontaktnej adrese alebo na adrese rehabilitacia@rehabilitacia.sk. Pri plathéch pos-
tovou poukazkou akceptujeme len prevody smerované zo Slovenska na nas icet ¢ SK92 7500 0000 0040 0815 1880 v CSOB Bratislava alebo
smerované z Ceska na nas uéet 212130130/0300 v CSOB Bfeclav. Casopis je indexovany v SCOPUS-e. Internetovd stranka: htpps://casopis.rehabilitacia.sk.
Dodané ¢lanky prechddzaji recenznym konanim, po ktorom mozu byt autorovi vratené. NevyZiadané rukopisy nevraciame. Za obsah rekldm
a prispevkov zodpoveda autor. Poddvanie ,Tlatovin® v SR povolené Riaditelstvom pdst Bratislava . j. 4/96 zo diia 30. 8. 1996, v CR na zdklade dohody
o0 poddvani postovych zasielok ,,Obchodni psani“ ¢. 982607/2010. Indexové ¢islo: 49 561. Reg. ¢. MK: EV 2945/09. ISSN 0375-0922

12



JOURNAL REHABILITACIA, VOL. 63(3) /2026, P221-232

" ‘\ Orthopaedic Clinic

CH

[ B DN J @ .5."'
( DE D& @ (<] @ - ' :
) o BN
@ © @
 \
Priodma aeko Dresia nNervo -
el prig 2 00 anenie ne e o ;
P
» - ave e reko oll= - ®
pacienta |e O &
o/ /8
Q0 24 OQ prep -
e Al pri ope DAclento 4
— Odrpg
f.j;?" T
P = |
D an A ® PhD ')D

13



