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Abstract

Tendon injuries may result from acute trauma or chronic overuse and
typically present with pain, inflammation, weakness, and stiffness. These
conditions often fail to resolve with rest alone and usually require a
multimodal treatment approach. Among the available strategies, platelet-
rich plasma (PRP) and ultrasound-guided electrolysis (USGET) have shown
significant potential to enhance the body's intrinsic healing mechanisms.
However, the efficacy of PRP depends critically on the preparation
method and the specific inflammatory context in which it is applied. Acute
inflammation is a rapid and controlled response that initiates the healing
cascade. In contrast, persistent, unresolved inflammation leads to chronic
inflammation, fibrosis, and degenerative changes, affecting biomechanical
properties and adjacent tissues, as seen in chronic tendinopathies.

This review summarizes the cellular and molecular mechanisms
underlying tendon repair, with a focus on the spatiotemporal interplay
of inflammatory mediators and growth factors during acute and chronic
inflammation. We also examine the mechanistic rationale and clinical
evidence for PRP and USGET, alone and in combination, across different
tendinopathies. Although no consensus exists regarding the superiority
of either PRP or USGET as stand-alone treatments, we propose that, in
chronic tendinopathies, physical stimulation of fibrotic tissue by USGET,
followed by PRP infiltration and eccentric exercises, may reactivate the
healing cascade and support each phase of the repair process. This approach
has shown promising results in refractory tendon injuries, offering distinct
advantages over conservative treatments. Emerging clinical data suggest
that this integrative approach provides advantages over conservative
therapies in refractory tendon injuries.

Keywords: Platelet-rich plasma; Ultrasound-guided electrolysis;
Tendinopathy; Tendon repair; Healing cascade

Introduction

The ability of platelets and their associated growth factors to promote
tissue repair has generated increasing interest in musculoskeletal medicine.
However, the clinical effectiveness of these orthobiologic therapies
depends strongly on the inflammatory context in which they are applied
[1]. In acute tendinopathy, inflammation is typically rapid and self-limited,
supporting tissue repair. In contrast, chronic tendinopathy is characterized
by a failed healing response, persistent inflammation, and progressive
matrix degeneration [2]. In recent years, platelet-rich plasma (PRP) and
physical therapies such as extracorporeal shock wave therapy (ESWT) and
ultrasound-guided electrolysis (USGET) have emerged as promising options
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for the management of tendinopathies [3,4]. These treatments
may modulate specific phases of the tendon healing cascade,
particularly by influencing the balance between pro- and
anti-inflammatory mediators and the quality of extracellular
matrix (ECM) remodeling.

This review aims to (i) summarize the subcellular
mechanisms involved in tendon healing and in the transition
from acute to chronic inflammation; (ii) discuss how
different PRP formulations and USGET can modulate these
mechanisms; and (iii) propose a rationale for combining
USGET with PRP and eccentric exercise in chronic
tendinopathies. We also highlight the importance of the
spatiotemporal delivery of these interventions to maximize
tendon repair and minimize fibrosis and reinjury.

This review presents the best evidence on the cellular
and molecular factors involved in tendon repair, including
selected in vitro, in vivo, and randomized controlled trials, as
well as meta-analyses from high-impact journals. It highlights
the evidence for PRP, ESWT, and USGET in each stage of
tendon repair.

Healthy Tendon:
Components

Functions and Cellular

A tendon connects a muscle to a bone, allowing the
transmission of muscle force to generate movement, stabilize
joints, store energy, and adapt to mechanical loads. A tendon
is a dense, regular fibrous connective tissue composed
mainly of tendon stem/progenitor cells (TSPCs), specialized
fibroblasts known as tenocytes, and an extracellular matrix
(ECM) rich in type I collagen, elastin, proteoglycans, and
glycoproteins. A delicate balance between proinflammatory
and anti-inflammatory mediators within this matrix is
essential to maintain tissue homeostasis and preserve normal
tendon function (Figure 1) [S]. The ECM plays a crucial role
in the healing of tendon injuries, providing structural support
and initiating and controlling the transmission of biochemical
and biomechanical signals essential to tissue homeostasis [6].

NORMAL
TISSUE
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The Physiological Healing Cascade in Tendon
Injuries

The healing of ruptured tendons follows a predictable series
of three overlapping phases: (1) reparative inflammation, (2)
proliferation and extracellular matrix (ECM) production, and
(3) tissue remodeling. The duration and quality of each phase
depend on the injury site and the severity of the damage [7].

Inflammation and initial repair

In the initial stage of a tendon lesion, platelets induce
the proinflammatory cascade, releasing TNFa, IFNy,
IL1B, and nitric oxide synthase inducible (iNOS), with the
recruitment of type I-associated immune cells such as Thl
T-cells, neutrophils, and M1-macrophages [8], followed by
the increase of regulatory T lymphocytes (Tregs), which
mediate a shift from type 1 (proinflammatory) to type 2
(anti-inflammatory) responses. M2-polarized macrophages
and Tregs facilitate the ECM deposition and the secretion of
growth factors that induce a proliferative and regenerative
microenvironment, including the recruitment of resident stem
and progenitor cells [2,9]. Evidence suggests that a balance
of type 1 and type 2 immune responses is crucial to prevent
chronic inflammation and tissue degeneration [10].

Proliferation and synthesis of ECM

After several days, when the inflammation has subsided,
M2 macrophages produce anti-inflammatory molecules
such as TGF-B1, IL-4, and IL-10, which are necessary to
initiate the proliferative phase and ECM synthesis. TGF-$1
and Wnt3a promote proliferation and migration, which are
required for granulation tissue formation [11]. Additionally,
M2 macrophages secrete metalloproteinases, specifically
MMP-2 and MMP-9, which facilitate the degradation of the
old ECM. After cellular detritus has been cleared, fibroblasts
and tenocytes synthesize abundant ECM, primarily collagen
type III, which is randomly arranged, with increased numbers
of new vessels. This stage also features increased cellularity
and increased water absorption [12].

Tenocyte stem :
progenitor cells S | bre-
> inflammatory inflammatory
Q ' > molecules molecules
A /" Tenocytes -

ECM

Rich in type | collagen, elastin, proteoglycans and glycoproteins

Figure 1: Healthy tendon tissue. It typically exhibits a well-organized, parallel arrangement of collagen fibers, characterized by a distinct
hierarchical structure. These fibers are produced by elongated, flattened tenocytes (also known as specialized fibroblasts) embedded within the

ECM.
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Remodeling and maturation

Tissue remodeling enables macrophages and fibroblasts
to restore tissue architecture, thereby helping restore tissue
strength and integrity. It includes two sub-stages and begins
6 to 8 weeks after the injury, lasting up to 1 year to generate
mature fibers (collagen type I). Collagen fibers realign, thereby
increasing tensile strength. Due to the irregular arrangement
of fibers, scar tissue has 80% of the strength of normal tissue
[13,14]. The balance between matrix metalloproteinases
(MMPs) and their tissue inhibitor proteins (TIMPs) is crucial
to prevent excessive matrix degradation and fibrosis [15].

Interplay of Molecules and Signaling Pathways
in Acute and Chronic Inflammation

Acute Inflammation

Acute inflammation is a rapid, reparative response to
tissue injury, characterized by the release of histamines,
prostaglandins, and leukocytes [16]. These mediators
increase vascular permeability and facilitate the infiltration
of inflammatory cells, such as neutrophils and macrophages
[17]. Growth factors released by platelets, such as TGF-f1
and PDGF, stimulate cell proliferation and ECM synthesis
[18]. Additionally, matrix metalloproteinase inhibitors, such
as TIMP-1 and TIMP-2, play a critical role in regulating
granulation tissue remodeling and facilitating proper tissue
repair [15]. Among the most prominent are IL-6, TNF-a,
TGF-B, and VEGF, which play a crucial role in mediating
and resolving inflammation (Table 1). A subgroup of Achilles
tendinopathy patients with elevated IL-6 levels showed a
poorer response to physiotherapy. Additionally, IL-6/JAK/
STAT signaling activates tendon fibroblast populations,
initiating and exacerbating the hallmarks of tendinopathy
[19]. TNF-a can strongly activate tenocytes by inhibiting
the expression of the proapoptotic Fas ligand in Achilles
tendinopathy [20], and TNF-a polymorphisms (308 G>A)
could influence the susceptibility to developing tendinopathy
among athletes [21]. During acute tendinopathy, signaling
pathways such as mitogen-activated protein kinases
(MAPKSs), including ERK1/2, contribute to a healthy healing
response by stimulating cell proliferation and migration.
However, in chronic conditions, persistent and excessive
activation of NF-kB and MAPK pathways is associated with
ongoing tendon damage and impaired structural integrity
[22]. Indeed, experimental models have shown that inhibiting
these pathways can attenuate the severity of Achilles
tendinopathy [23].

Chronic Inflammation

Chronic inflammation is characterized by the persistent
presence of inflammatory cells, mainly macrophages and T
lymphocytes, and the continuous production of inflammatory
mediators [24] (Table 1). This response results in tissue
damage and fibrosis, impeding the effective repair. Gene
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expression associated with chronic inflammation includes
IL-1B, TNF-0, and MMPs, which can degrade the ECM
and perpetuate an unresolved inflammation [25]. IL-1fB
plays an essential role in degrading the ECM, inhibiting
tendon cell markers, and inducing pain, thereby impairing
TSPCs' function and inhibiting tendon repair capacity. Thus,
decreased IL-1p may be beneficial for maintaining TSPC
function during tendon repair [26,27].

The well-known signaling pathway in chronic
tendinopathy is the JAK/STAT pathway, which perpetuates
the inflammation and fibrosis. Abnormal activation of the
JAK/STAT signaling pathway contributes to tendinopathy
by impairing TSPC function [28,29]. The imbalance of pro-
and anti-inflammatory cytokine levels, along with MMPs
and TIMP levels, is the primary molecular driver of chronic
inflammation [30]. Other relevant signaling pathways in
chronic tendinopathy include proinflammatory pathways
such as NF-xB, p38/MAPK, and the NLRP3 inflammasome,
which contribute to the release of proinflammatory mediators,
pain, and tissue degradation. Mechanotransduction pathways,
such as the integrin-FAK/Src and YAP/TAZ pathways,
also regulate cellular responses to mechanical stress. These
pathways typically help tenocytes to adapt to mechanical
loading rather than contributing to chronic inflammation,
failed matrix repair, and ectopic tissue formation [26].

Chronic Tendinopathies represent a failed tendon
healing

Chronic tendinopathy, also known as tendinosis, is
characterized by the absence of reparative inflammation,
disorganization of collagen fibers, and an active degenerative
process in the collagenous matrix, accompanied by
hypercellularity, apoptosis, and elevated levels of vascular
endothelial growth factor (VEGF), as well as disordered
neovascularization attributed to hypoxia and excessive
mechanical loading. Consequently, the tendon thickens and
stiffens to overcome the lower mechanical strength; hence,
the tendon quality and its functional activity are reduced
[31]. Therefore, mechanical properties are weakened due
to maladaptive responses to compressive loading, and
mechanobiological overstimulation marks the onset of
degenerative disease [32].

The Importance of Temporal-Spatial Molecule
Expression in Tendon Healing

Through the tendon healing cascade, the expression and
interaction of various molecules within the tendon change both
in abundance and in their specific locations. Understanding
these temporal and spatial variations is essential for
developing personalized treatments for tendinopathies [28].

Variations in gene expression throughout tendon
healing

The transcription factor Scleraxis (Scx) is a critical
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regulator of tendon formation. Tendon injury, which expresses
Scx exclusively, follows differentiation from native tendon to
reactive tissue, influenced by interactions with inflammatory
mediators [33]. While this process is crucial for the proper
initiation of tendon healing, deregulated inflammation can
lead to fibrosis. Indeed, several transcription factors predicted
to mediate the reactive phase are strongly associated with
tissue fibrosis, including aberrant Egrl expression. Instead of
NF-«B signaling declining to prevent excessive inflammation,
Egrl induced the expression of Rela and Nfkb1, both NF-xB
subunits [34]. In cases where NF-kB and Egrl expression
remain elevated rather than returning to baseline after an
injury, they promote a persistent, pro-fibrotic environment,
leading to a loss of mechanical strength and an increased
risk of reinjury [35]. In the initial stages, the imbalance
between MMPs and TIMPs has been linked to collagenolysis,
potentially increasing the risk of reinjury. However, the
overall decrease in MMP13 expression occurred later,
reflecting a return to homeostatic tension as the repair tissue
matures, or the reestablishment of a homeostatic set point
by contractile tendon cells [36]. Even some studies suggest
that different tendons, such as the digital flexor, triceps, and
supraspinatus tendons, exhibit distinct growth factor profiles
after similar injuries [37,38].

Chronic Achilles tendinopathy is characterized by low
TGF-B expression; however, the addition of growth factors
activates signaling pathways in tendon fibroblasts, endothelial
cells, and macrophages, leading to increased TGF-8
expression only during the first two weeks of the healing
process. This upregulation supports collagen synthesis,
neovascularization, immune tolerance, and decreased
inflammation [39]. Supraspinatus tendon-to-bone healing has
been shown to exhibit early TGF-B expression at the first week,
accompanied by increases in Bone Morphogenetic Protein 12
(BMP-12), cartilage oligomeric matrix protein (COMP), and
connective tissue growth factor (CTGF) later in the healing
process, and at the insertion site [38]. PDGF-BB significantly
enhances type I collagen synthesis, highlighting its role in
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the expression and regeneration of native and functional
tissue [40]. For example, the administration of PDGF in
tendons has demonstrated remarkable enhancements in their
biomechanical behavior [41].

Recently, the tendon-healing process has been enhanced
by delivering chemically modified mRNAs using injectable
nanoparticles in vivo, targeting specific anti-inflammatory
and regenerative pathways, including IL-1BRA and PDGF-
BB [42]. The infiltration of anti-inflammatory and reparative
biological molecules, such as IL-1BRA and PDGF-BB,
respectively, may improve two key steps in the physiological
repair process. However, using one or two molecules is not
enough for long-term effectiveness.

PRP contains a cocktail of key cytokines and growth
factors for tissue healing. The physical therapy that utilizes
a galvanic electrical current, known as ultrasound-guided
galvanic electrolysis technique (USGET), Ultrasound-
Guided Percutaneous Electrolysis (UGPE) or simply
Percutaneous Electrolysis (PE), among others, is well known
to modulate the balance of temporal and spatial factors
required at each step of the healing process, including
significant immunomodulatory effects that are pivotal in
orchestrating the immune response during wound healing
[43,44]. Additionally, PRP and USGET have been shown to
reduce reinjury rates after treatment compared with controls
[45-48]. We presented here their mechanism of action and
how they impact the biology of the healing cascade, along
with the latest clinical evidence.

Mechanisms of Action of PRP as a Driver of
Tendon Repair

PRP: PRP is an autologous blood-derived product that
concentrates platelets and their associated growth factors,
including PDGF, TGF-B, HGF, VEGF, FGF-2, EGF, and
TNF-0, as well as cytokines such as IL-6, IL-1Ra, and IL-
8. These molecules enhance the activity of tendon stem/
progenitor cells and tenocytes [49,50], induce a controlled

Table 1: Cellular and molecular characteristics of chronic and acute tendinopathy.

Acute tendinopathy (reactive process)

Signs and Sudden, sharp pain, swelling, and tenderness at the
Symptoms affected tendon, often due to overuse or injury.
Mostly preserved collagen alignment with mild
Tendon disorganization, localized edema, and increased
characteristics | inflammatory cell infiltration; vascular changes are usually
mild and reversible.
Cytokines IL-1B, IL-6, IL-12, IL-17.

Growth Factors
and Signaling
Pathways

TNF-q, IFN-y, IGF-I, TGF-8, bFGF, MMP13, JAK-SHP2-
MAPK, JAK-AKT, and JAK-STAT3, as well as NF-kB
signaling pathways, are activated by TNF-a and IL-1f3.

Chronic tendinopathy (degenerative process)
Gradual onset of pain, stiffness, and weakness, with less
inflammation compared to acute cases. Dull, aching pain

that worsens with activity and can persist even at rest, and
decreased range of motion.

Marked disorganization and fragmentation of collagen fibers,
loss of tensile strength, hypercellularity with areas of apoptosis,
neovascularization, and fibrosis; acute inflammation is usually
absent.

IL-1B, IL-6, IL-8, 1I-10 (persistence).

IGF-1, VEGF, PDGF, TGF-B. JAK-STAT3, NF-kB, integrin-FAK/
Src, and YAP/TAZ signaling pathways.
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and transient inflammatory response [33], and promote cell
proliferation, angiogenesis, and ECM synthesis [51,52].
Additionally, PRP protects tenocytes from oxidative stress-
induced cell death by activating the Nrf2 pathway, thereby
helping to restore tenocyte homeostasis and promoting tendon
regeneration and repair [53,54]. The first study of PRP in
tendinopathy suggests its ability to stimulate tissue repair by
increasing the expression of TGF-B1 and PDGF-BB, as well
as the matrix molecules collagen type I (COL1A1), collagen
type III (COL3Al), and COMP, without concomitant
increases in the catabolic MMP-3 and MMP-13 [55]. The
cocktail of molecules in PRP influences various phases of
tendon repair, including inflammation, proliferation, and
remodeling, by releasing growth factors that stimulate cell
proliferation and ECM formation [55,56]. However, when
analyzing more than 25 studies reporting platelet counts, it
is observed that platelet counts greater than 3.2 x 10° have
generally yielded more positive results [57].

The benefit of PRP in treating tendinopathies lies in its
concentration and in the various PRP preparations available
to address different characteristics of the lesion (e.g.,
vascularized vs. non-vascularized lesions) and stages of
tendon healing, which are based on platelet concentration,
leukocyte levels, and activation methods. PRP preparations
can be classified into leukocyte-rich PRP (LR-PRP),
leukocyte-poor PRP (LP-PRP), and the acellular product,
serum-rich in growth factors (ACS) (Figure 2) [58].
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LR-PRP: In LR-PRP therapy, leukocytes release
inflammatory cytokines that activate inflammation, increasing
the TGF-B to restart the healing process, providing benefits
for acute tendinopathy [59]. A randomized, double-blind,
controlled clinical trial involving 47 patients with patellar
tendinopathy demonstrated that LR-PRP significantly
improved knee function and pain scores compared with the
extracorporeal shock wave therapy group. Additionally, the
PRP treatment has allowed patients to return to the initial
stage of patellar tendinopathy [60]. Numerous clinical trials
and meta-analyses have demonstrated strong evidence
supporting the efficacy of a single injection of LR-PRP
guided by ultrasound for the treatment of tendinopathies [61].
However, when the tendon has become fibrotic, physical
therapy, such as electrotherapy, must be included in the initial
stage of treatment, as a high concentration of leukocytes
alone is insufficient to reset the healing process.

LP-PRP: PRP low in leukocytes avoids an excessive
catabolic and inflammatory response to benefit the
proliferative state of the healing. In chronic injuries, LP-PRP
aims to minimize additional inflammation while promoting
rapid healing [59,62] by modulating the MMP/TIMP balance
[59]. To achieve the right balance between enhanced healing
and minimizing scar tissue formation, LP-PRP stands out as
a compelling solution. A meta-analysis of 10 RCTs involving
742 patients found that leukocyte-poor PRP significantly
reduces the postoperative retear rate in both the short- and
long-term, regardless of tear size or repair method [63].

Autologous blood centrifugation

/\

With anticoagulant

l

Plasma

A/\
LR-PRP LP-PRP

Low in leukocytes
*Without buffy coat
*Fibrinogen
*Less inflammation
*No red blood cells

Rich in leukocytes

*With buffy coat
*Fibrinogen
*Pro-inflammatory
*Some erythrocytes

Without anticoagulant

l

Serum

'
ACS

Autologous Conditioned Serum

*Leukocytes, platelets, and erythrocytes-free
*Fibrinogen-free

*Anti-inflammatory

*Manufactured in 6 to 24 hours.

Figure 2: PRP preparations. The mechanism of action depends on the type of blood derivative.
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Autologous Serum Rich in Growth Factors (ACS):
ACS is an acellular treatment, without coagulation factors
or leucocytes, so it contains high concentration of anti-
inflammatory cytokines (IL-4, IL-10, IL-13 y IL-1Ra) and
tissue repair proteins (TIMP-1, TIMP-2, VCAM-1, PDGF-
BB), with higher concentrations of IGF-1, TNF-alpha,
especially IL-1Ra and PDGF-BB compared to PRP [64].
Consequently, ACS could be another alternative for persistent
tendinopathies. A clinical trial involving 50 patients with
tendinopathy demonstrated that ACS provides greater long-
term clinical benefits than eccentric training [65]. In addition,
ACS was associated with significantly better pain control
and functional outcomes than corticosteroids in chronic
supraspinatus tendinopathy [66]. ACS has demonstrated
superior efficacy in managing chronic inflammation compared
with PRP, due to elevated levels of anti-inflammatory
cytokines such as IL-1Ra, IL-4, and IL-10 [67]. However,
because its preparation requires more than 24 hours, it is used
less frequently [68].

Clinical applications of PRP in tendinopathies

PRP has demonstrated its efficacy in different
tendinopathies due to its capacity to stimulate and potentiate
the physiological healing process. Among the most studied
tendinopathies, highlights:

Patellar Tendinopathy: LR-PRP has shown efficacy
in treating patellar tendinopathy [69]. Seventy studies
involving 2,530 patients were included in a meta-analysis,
showing an overall positive outcome, with eccentric
exercises as the strategy of choice in the short term. Still,
multiple PRP injections may offer more satisfactory results
at long-term follow-up [70]. Another study evidenced that
after LR-PRP treatment, patients with patellar tendinopathy
showed statistically significant and clinically meaningful
improvement for 1 year compared with needle tenotomy
and sham, as assessed by quantitative ultrasound and MRI
[71]. Notably, only those who had not previously received
ethoxysclerol, cortisone, or surgical treatment experienced
better results [72].

Achilles Tendinopathy: A meta-analysis of randomized
controlled trials involving 406 patients found that eco-
guided PRP injection demonstrated good efficacy for
chronic Achilles tendinopathy [73]. Additionally, another
meta-analysis of PRP based on randomized controlled trials
showed significant improvements in ankle dorsiflexion angle,
ankle dorsal extension strength, and calf circumference
compared with control groups [74]. Furthermore, the use of
ACS appears to provide greater long-term clinical benefits
than eccentric training [65]. Otherwise, evidence also
indicates no superiority of PRP over placebo in 4 RCTs [75].
Although one those studies conducted a follow-up for only
3 months [62], it is a short-term assessment of PRP efficacy.
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Another did not activate the PRP [62], a crucial step for its
effectiveness in treating tendinopathies [76]. The last study
did not mention using ultrasound to guide infiltration [63].
Ultrasound-guided injections are more accurate than blind
injections in achieving therapeutic efficacy [77,78]. However,
the current understanding of Achilles tendinopathy indicates
limited evidence regarding the effectiveness of infiltrative
therapies. A multimodal treatment approach is a good choice
in cases of non-therapy response.

Rotator Cuff Injuries: For arthroscopic rotator cuff
repair, LP-PRP has been utilized to enhance postoperative
healing and alleviate postoperative pain [79]. A randomized
controlled study demonstrated that LR-PRP improves clinical
outcomes and reduces pain in patients with chronic rotator cuff
tendinopathy [80]. Additionally, PRP and ACS have shown
higher efficacy than corticosteroid infiltration [66,81,82].
There is strong evidence supporting the effectiveness of PRP
in different stages of rotator cuff healing.

Lateral Epicondylitis (Tennis Elbow): PRP has
demonstrated greater efficacy than corticosteroids in meta-
analyses of RCTs. These studies suggest that PRP offers
superior long-term benefits in pain reduction and improved
functionality [83,84]. Additionally, further evidence from
other RCTs continues to support the superior efficacy of PRP
compared to corticosteroids [81,85]. However, most of these
studies did not provide details on how the PRP was prepared.

In a meta-analysis evaluating the use of PRP in the
musculoskeletal field, only 11 out of 105 clinical studies (10%)
provided a comprehensive report on the PRP preparation
protocol. Additionally, only 17 studies (16%) reported the
composition of the platelet-rich plasma preparation [86].

Mechanisms of Action of USGET as a Driver of
Tendon Repair

Ultrasound-guided electrolysis (USGET) is a minimally
invasive electrotherapy technique that uses a galvanic current
delivered through an ultrasound-guided acupuncture needle,
with a dosage of 3 to 6 milliAmps. Electrolysis refers to the
decomposition of water (H20) and sodium chloride (NaCl)
present in tissues. This controlled decomposition promotes
tissue repair. This process occurs when a galvanic current
is applied, causing these substances to decompose into their
constituent chemical elements. These elements recombine to
form new substances: sodium hydroxide (NaOH), hydrogen
(H), and chloride (CI) [87]. It induces specific electrochemical
reactions at the cellular level in affected tissues, resulting in
controlled microtrauma and non-thermal electrochemical
ablation directly in the degenerated tendon area, triggering
reparative inflammation and angiogenesis [4,88,89].
Additionally, this promotes phagocytosis and tendon
healing by producing new collagen fibers and inhibiting
proinflammatory factors [76], as well as by overexpressing
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the activated gamma receptor for peroxisome proliferator-
activated receptor (PPAR-gamma). Furthermore, it inhibits
the actions of IL-1B, TNF, and COX-2 by directly inhibiting
NF-«B [89].

In the USGET, the galvanic current creates two distinct
electrochemical environments in the tissue: an alkaline
environment at the cathode (the needle tip) and an acidic
environment at the anode (the skin surface electrode), both of
which are crucial to its therapeutic effect.

The principal reactions include:

Electrolysis of water: The galvanic current applied
through the needle dissociates water into hydrogen ions (H+)
and hydroxide ions (OH-). This reaction produces reactive
oxygen species (ROS) and free radicals, which play a crucial
role in cell signaling and induce a localized inflammatory
response [87].

Ion production: Electrolysis also dissociates salts and
other molecules present in the extracellular environment
into their constituent ions. For example, the dissociation of
sodium chloride (NaCl) produces sodium (Na+) and chloride
(Cl-) ions, which contribute to local pH alterations and the
activation of enzymes and other bioactive molecules [87].

Generation of free radicals: The free radicals generated
during electrolysis cause controlled damage to cells and
tissues, triggering the release of growth factors and activating
repair mechanisms. These radicals include reactive oxygen
species, hypochlorite (C10—), and hypochlorous acid (HCIO),
which possess antimicrobial and denaturing properties [90].

Redox reactions: The galvanic current also induces
oxidation-reduction (redox) reactions in the tissue. These
reactions can modify the structure of proteins and other
molecules, facilitating the degradation of damaged
components and promoting the synthesis of new materials for
tendon repair [87,90]

USGET as a controlled proinflammatory trigger

The effects of USGET are dose-dependent: excessive
current intensity or duration can cause unwanted cell
damage and necrosis, which underscores the need for
precise parameter selection [87]. When properly applied,
the galvanic current generates a localized electric field
that transiently disrupts cellular homeostasis and elicits a
controlled inflammatory response, activating macrophages,
stimulating fibroblast proliferation, and promoting ECM
remodeling, particularly in fibrotic lesions resulting from
persistent chronic inflammation. Galvanic current has been
shown to activate the NLRP3 inflammasome, a key regulator
of inflammation, eliciting a transient IL-1B/IL-18 response
that primes tissue remodeling. This process is also associated
with the activation of the proinflammatory M1-macrophage
phenotype. The matrix reorganization is also promoted, with
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a shift toward type I collagen and a reduction in type III
collagen, aligning with the restoration of a more mechanically
robust tendon matrix [91]. Also, evidence indicates that
USGET triggers cellular apoptosis by activating caspases and
releasing Smac/Diablo proteins from the mitochondria into
the cytosol, thereby facilitating tissue repair by eliminating
damaged cells and promoting a more efficient regeneration
process [89]. Therefore, USGET may be the therapeutic
option that initiates the healing cascade.

Clinical applications of extracorporeal shock
wave therapy (ESWT), and USGET therapy in
tendinopathies

Unlike USGET, ESWT uses mechanical shockwaves to
break down tissue and stimulate tissue healing. In contrast,
USGET employs a fine needle to deliver an electric current to
a specific tissue under ultrasound guidance. ESWT delivers
high-energy sound waves to the affected tissue at frequencies
ranging from 0 to 20 MHz. ESWT can be a highly effective
therapy option for relieving pain in individuals with
tendinopathy, stimulating healing, and promoting the release
of growth factors and neovascularization at the tendon—bone
junction [92,93]. A meta-analysis demonstrated that ESWT
was effective in alleviating pain associated with rotator cuff
tendonitis, lateral epicondylitis, finger tendonitis, and long
bicipital tendonitis. Interestingly, the efficacy of ESWT was
compared with that of PRP infiltration for jumper's knee and
plantar fasciitis, showing improved outcomes in the PRP
group that were even superior to those of corticosteroid
infiltration [94,95].

Patellar tendinopathy: A RCT with a duration of 10
years provided evidence that the USGET, combined with
eccentric exercises, shows an effective and consistent
improvement in symptoms of chronic patellar tendinopathy
[96], yielding Dbetter outcomes than conventional
electrophysiotherapy by destroying the degenerated tissue
and causing a controlled inflammatory response that
triggers the biological process of collagen repair [48]. In a 3-
year follow-up study, the USGET restores functionality
and decreases pain over time. The significant clinical
improvement was confirmed by increases in scores on the
VISA-P, IKDC, Kujala, and Tegner activity scales [97].

Distal bicep tendon: The distal biceps tendon has
two heads that rotate and insert into the radial tuberosity,
making it challenging to visualize and access fully with
ultrasound. A recent protocol using US guidance has been
shown to be safe for USGET of the distal biceps brachii
tendon in insertional tendinopathies [98].

Supraspinatus tendinopathy: Forty-six participants
were randomly allocated to USGET, percutaneous peripheral
nerve stimulation, and eccentric exercise, or a conventional
physical therapy group. The combined intervention provided

Citation: Ferran Abat, Rodrigo Arancibia, Paul Teran, Matias Roby, Jose Estay, Solange Rivas, Manel M. Santafe. Influence of Inflammation on
Tendon Healing and The Use of Platelet-Rich Plasma. Journal of Orthopedics and Sports Medicine. 7 (2025): 556-568.



Abat F, et al., J Ortho Sports Med 2025
Journals DOI:10.26502/josm.511500242

safe and effective treatment, resulting in statistically
significant improvements in pain, mobility, and function
compared with conventional electrotherapy [99]. In addition,
USGET seems to be more effective than trigger point dry
needling in relieving pain and improving shoulder range
of motion, as well as point pressure pain threshold values
in the supraspinatus, both right after treatment and at one-
year follow-up [100]. USGET enhances shoulder function,
alleviates pain, and facilitates the resorption of calcific
deposits [101].

Rotator Cuff Partial Tear: Fifty-five patients were
randomized to ESWT with PRP injection and PRP in isolation.
The combination showed notable additional improvements in
both forward flexion (p = 0.033) and abduction (p = 0.015)
after 1 month. Furthermore, a substantial augmentation
in the range of shoulder motion (SROM) (p < 0.001) was
observed after six months. The combination of ESWT with
PRP injection may offer advantages over PRP injection alone
[3]. This groundbreaking study highlights the remarkable
effectiveness of combining PRP with physical stimulation,
paving the way for innovative applications of both PRP and
USGET.

Chronic soleus injury: USGET combined with an
eccentric exercise program is a valuable therapeutic tool for
treating chronic soleus injury in the central tendon [102].

Achilles tendinopathy: Patients were randomly
assigned to two groups that received the same physiotherapy
treatment. The experimental group, which received three
USGET stimulations, demonstrated statistically significant
improvements compared to the control group. Specifically,
they showed superior results in the VISA-A score (p =
0.010) and its subscales, as well as in the Visual Analog
Scale (VAS) for pain (p = 0.002), overall pain (p = 0.004),
functional ability (p = 0.003), and sports-related activities (p
= 0.002). No adverse events were reported during the study.
In patients with Achilles tendinopathy, USGET has been
shown to reduce pain, increase range of motion (ROM), and
decrease morning stiffness, especially when combined with
eccentric exercises [103].

Chronic Lateral Epicondylitis: In the clinical trial
NCT02085928, 36 patients received USGET associated with
a home program of eccentric exercises and stretching. The
ultrasonographic findings revealed significant changes in
the hypoechoic regions and hypervascularity of the extensor
carpi radialis brevis. At 26 and 52 weeks, all participants
perceived a 'successful' outcome, and recurrence rates were
absent at follow-up at 6, 26, and 52 weeks [104].

In 2023 and 2024, relevant meta-analyses demonstrated
the efficacy of USGET in tendinopathies, particularly in
reducing pain and improving function, when combined with
exercises. It can eliminate fibrotic tissue that causes nerve
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entrapment, providing pain relief and improved function.
USGET has shown consistent results in treating specific
tendinopathies, including chronic lateral epicondylitis (tennis
elbow), patellar tendinopathy (jumper's knee), and Achilles
tendinopathy [4,44,105,106].

Clinical Practice Implications

Tendon healing is poorly understood, and the outcomes
of conservative and surgical management are often
suboptimal. The efficacy of PRP and USGET, summarized
here, represents a promising area of research in regenerative
medicine, particularly in cases of misrepair involving fibrotic
tissue, where PRP alone is often insufficient to restore a
physiological healing response [107]. These lesions may first
require inflammatorystimulation through USGET to disrupt
fibrotic tissue and reactivate a controlled inflammatory
phase. Subsequently, PRP can be applied to modulate this
renewed inflammatory response, support organized ECM
deposition, and enhance the release of endogenous growth
factors (Figure 3) [108]. When combined with an appropriate
physical therapy protocol to enhance biomechanics through
an eccentric exercise program, this strategy may offer a more
comprehensive and durable solution than any single modality
alone.
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Concluding Remarks and Final

Recommendations

Understanding the subcellular physiology of connective
tissues and the differences between acute and chronic
inflammation is crucial for platelet activation and tissue
repair. Utilizing techniques such as USGET and PRP, or in
combination, may improve clinical outcomes in patients with
different tendinopathies (Figure 3).

The application of PRP should be carefully matched to
the phase of the injury. In general, leukocyte-rich PRP (LR-
PRP) appears more suitable in the early or reactive phase
of tendinopathy, when a more substantial proinflammatory
stimulus may help to restart the healing cascade. In contrast,
leukocyte-poor PRP (LP-PRP) is preferable in chronic
tendinopathies and post-surgical settings, where excessive
inflammation could be detrimental and controlled matrix
remodeling is required. The type and location of the lesion
also dictate the optimal PRP formulation, as suggested by
studies on patellar tendinopathy, rotator cuff injuries, and
lateral epicondylitis (Table 2).

Combining physical and biological treatments as
multimodal therapy offers the advantage of addressing
not only the symptoms of the disease—such as pain
and functional limitations—but also the underlying
biomechanical risk factors and improvement of tissue quality.
This comprehensive treatment approach has the potential to
enhance effectiveness, shorten recovery time, and decrease
the likelihood of recurrence. However, the overall impact of
this combined treatment strategy requires validation through
rigorous clinical trials [109]

One recent proposal is that combining biological therapies
with adjunct inflammatory therapies, such as USGET,
particularly for chronic tendinopathies, can enhance treatment
efficacy by reactivating the inflammatory process, which
PRP can then effectively modulate. This comprehensive
approach enables tailored treatments based on the specific
inflammatory parameters of the injury, resulting in a quicker
and more effective recovery.
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