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Extracorporeal Shock Waves and Ultrasound: A Combined Approach in
the Treatment of Musculoskeletal Injuries

Claudio Lopes Simplicio', Everaldo Gregio-Junior’, Guilherme Ant6nio Moreira de
Barros’, Izair Jefthe Rodrigues’

The combination of extracorporeal shock wave therapy (ESWT) and ultrasound (US) emerges as an innovative and effective approach in the
treatment of musculoskeletal injuries. This integration provides significant benefits in both diagnosis and treatment, resulting in better clinical
outcomes and faster recovery for patients. US stands out as a non-invasive diagnostic tool that offers real-time imaging, and is widely used in the
assessment of various musculoskeletal conditions, including injuries to the shoulder, elbow, wrist, knee, and ankle.

ESWT is an effective method that has expanded to treat a variety of musculoskeletal pathologies through the application of acoustic waves. The
interaction between US and shockwavesis crucial in ensuring precision in interventions, allowing for more targeted and effective treatment.

In addition to enhancing the accuracy of injections and therapeutic interventions, US also plays a critical role in monitoring clinical progress and
the early detection of complications. Studies show that the combination of these approaches results in significant pain relief and improved
functionality for patients. Therefore, the integrated use of US and shock wave therapy represents a valuable strategy in the management of
musculoskeletalinjuries, broadeningits application in clinical practices.
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Introduction

The combination of extracorporeal shock wave therapy (ESWT) and
ultrasound (US) represents an innovative and effective approach in
the treatment of musculoskeletal injuries. This integration of
techniques provides significant benefits in terms of diagnosis and
treatment, enhancing clinical outcomes and promoting faster
recovery. This article explores the role of US in the context of shock
waves, highlighting its applications, effectiveness, and the importance
ofacombined approachin clinical interventions [1].

Ultrasound

US is a remarkable diagnostic tool for the assessment of the
musculoskeletal system. It stands out for providing real-time imaging
and being a non-invasive option, as it does not utilize ionizing
radiation. With recent technological advancements, such as
improvements in transducers, the implementation of power Doppler

US, and elastography, the clinical applications of US in
musculoskeletalimaging have become even more comprehensive.
This tool is widely employed in monitoring conditions such as
sarcopenia and inflammatory myopathies, in addition to diagnosing
and treating various musculoskeletal disorders. US enables a detailed
analysis of different joints and soft tissues, addressing inflammation,
traumatic injuries, degenerative changes, and myofascial trigger points
[1,2].

In the shoulder, US is effective in detecting rotator cuff tendon tears,
calcifications, tendinopathies, bursitis, and other lesions in the
acromioclavicular joint, although it has limitations in identifying
labralinjuries due to bony overlap (Fig. 1and 2).

The calcification, which is corticalized, exhibits a significant posterior
acoustic shadow with well-defined margins, suggesting a phase of
stability in the disease related to crystal deposits. The clear definition
of the calcification's borders, along with the presence of a strong
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surface.

Figure 1 and 2: Supraspinatus tendon, observed in the transverse axis (Figure 1) and longitudinal

axis (Figure 2). The presence of an insertional calcific tendinopathy is identified. This condition is
characterized by a coarse intratendinous calcification with well-defined borders, located in the
anterior fibers, resulting in a mass effect. This effect is evidenced by the bulging of the adjacent bursal

tenosynovitis, ligament injuries, and arthritis [4,
5]. In the hip, US is used to diagnose bursitis and
tendinopathies as well as to monitor
inflammation and serve as a screening tool post-
total hip arthroplasty, with diagnostic accuracy
comparable in comparison with to that of
magnetic resonance imaging (MRI) [6] (Figure
3).

It is also used in the assessment of
femoroacetabular impingement and in the
identification of hip labral tears. The knee is
examined for meniscal irregularities, ligament
injuries, osteoarthritis, cartilage lesions, and
tendinopathies, although ruling out cruciate
ligament tears may require additional imaging
studies. In the foot and ankle region, US is

posterior acoustic shadow, indicates that the condition is not recent,
reflecting chronic changesin the tendon.

Additionally, the lesion is measured in both the transverse and
longitudinal axes, and the distance from the skin to the lesion is
assessed in centimeters. This measurement is crucial for planning
therapeutic interventions and monitoring the progression of the
tendinopathy and calcification over time.

For the identification of calcium deposits in tendons, US exhibits a
sensitivity of 94% and specificity of 99%. In calcific tendinopathies, it
is common to observe hyperechoic areas within the tendon, with the
presence of acoustic shadowing depending on the level of calcium,
which can vary according to the phase of the condition. In some cases,
these calcifications may be presented as hypoechoic areas without
acoustic shadowing. Despite limitations and possible artifacts in
tendon examinations, it is recommended that US is the first imaging
modality used in suspected tendon injuries. In addition, the use of
Doppler US should be considered in evaluations of active
inflammation in tendon sheaths [3].

In the elbow, US aids in identifying conditions such as lateral and
medial epicondylitis and olecranon bursitis. For the wrist and hand, it
allows for the evaluation of ligaments and the identification of
syndromes such as carpal tunnel syndrome, trigger finger,

Figure 3: Ultrasound examination of the right hip. Psoas tendon, measured ata depth

0f2.84 cm from the skin to the iliopubic eminence.

valuable for diagnosing plantar fasciitis, bursitis,
ligamentinjuries, and calcaneal tendinitis [4, 7].

Extracorporeal ShockWaves

ESWT is a safe and effective approach for treating various
musculoskeletal conditions. Originally, these waves were used in
medicine for the fragmentation of kidney stones, in a technique known
as extracorporeal shock wave lithotripsy. The first successful treatment
in humans occurred in 1980. During the treatment of ureteral stones,
urologists observed that shock waves also caused changes in bone [8,
9].

ESWT is a non-invasive procedure that applies a short-duration
acoustic wave to specific areas of the body. The pressure profiles
produced by most shock wave sources consist of compression pulses
lasting between 0.5 and 3 ys, with a pressure increase occurring over a
span of 2-500 ns. These compressions are characterized by positive
peak pressures ranging from approximately 10 to 150 MPa, followed
by rarefaction pulses extending from 2 to 20 ps. These shock waves are
characterized by positive pressure pulses, a phenomenon known as
mechanotransduction, followed by a negative phase, resulting in tissue
cavitation, pain relief, and stimulation of tissue repair [ 8-13].

This process occurs through both direct (positive) and indirect
(negative) effects, leading to a cellular cascade effect, increased
metabolic activity, modulation of inflammation, and the release of
factors such as nitric oxide (NO), substance P, and calcitonin gene-
related peptide. These elements are essential for angiogenesis,
vasculogenesis, lymphangiogenesis, and tissue regeneration,
contributing to the reduction of unmyelinated nerve fibers, collagen
synthesis, decreased viscosity, and increased production of hyaluronic
acid[11,14].

Studies have shown that exposing bones to shock waves stimulate
osteoblasts, resulting in fracture healing in animal models. Since then,
the use of ESWT has expanded to cover various musculoskeletal
pathologies, including non-unions and tendinopathies. This therapyis
quick, cost-effective, and presents few side effects during application,
such as mild discomfort during sessions. Among the benefits of ESWT
are pain relief, stimulation of neovascularization, nerve regeneration,
and production of progenitor cells (exosomes), aiming to promote
cellular proliferation, migration, growth, and differentiation [ 14, 15].
Although the exact mechanisms of shock waves are not completely
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understood, it is known that their effects go beyond analgesia and
tissue regeneration to include increased blood flow, angiogenesis,
osteogenesis, and stimulation of fibroblast activity. Shock waves have
also been shown to reduce cellular inflammation and promote tissue
regeneration by modulating both stem cells and macrophage activity.
Clinical trials have demonstrated that ESW'T alleviates pain in chronic
tendinopathies and other conditions that do not respond to
conventional treatments [ 16].

The energy of focused shock waves, measured in mJ/mm?2, and radial
pressure waves, measured in Bar, can be classified as low, medium, or
high, depending on their intensity. Low to medium-energy flux
density waves are used for analgesic, anti-inflammatory, and tissue
regeneration effects, while high-energy waves induce fragmentation of
solid bodies and regeneration of deep soft tissuesand bones [ 16].

Intervention with US and Shock Waves

Physical and chemical agents, as well as invasive and non-invasive
treatment techniques, should be performed with the assistance of US
to ensure precise application to the target tissue. Examples of these
techniques include electrolysis, percutaneous needle tenotomy,
injections, and extracorporeal shock waves. US is crucial for guiding
the application of shock waves, taking into account the target to be
treated, the depth, and the topography of vital structures. After the
application of shock waves, changes in vascularization and activation
of the inflammatory cascade may occur, enhancing the tissue repair
process[16,17,18].

Intra-articular injections (IAls) and extra-articular injections (EAls)
are widely used for treating various musculoskeletal pathologies in
specialties such as orthopedics, rheumatology, physiatry, pain clinics,
and sports medicine to address both inflammatory and non-
inflammatory conditions. Different methods can be employed to
validate the needle position during injection or aspiration procedures.
Conventionally, IAIs are performed blind, relying solely on physical
examination and anatomical landmarks. This approach may
compromise the effectiveness of the procedure due to the lack of direct
visualization of the needle’s path and the joint space, increasing the risk
of damage to adjacent structures. Conversely, EAIs are often used for
treating myofascial dysfunctions with trigger points, which are also
typicallyadministered blindly [19,20].

To overcome these limitations, various imaging modalities, such as
fluoroscopy, air arthrogram, US, computed tomography, and MR, can
be utilized during injections. US is preferred for guiding interventions
that require speed, safety, and efficiency, and it does not emit ionizing
radiation, which is particularly advantageous for patients at higher risk
of complications and at a lower cost. US offers the capability to
visualize the needle’s position in real-time relative to anatomical
structures [ 19-24].

These injections play a significant role in diagnosis, providing pain
relief, reducing inflammation, improving mobility, and, in some cases,
promoting regeneration and healing. The most commonly used agents
in IAIs include corticosteroids, local anesthetics, and orthobiologics
such as hyaluronicacid, bone marrow concentrate, mesenchymal stem
cells,and platelet-rich plasma [20-24].

US plays a fundamental role in classifying injuries, taking into account
factors such as injury size, pain, soft-tissue changes, and loss of
function, which are essential for treatment planning and patient

recovery. In addition, US is effective in the early detection of
complications, such as muscle injuries, strains, hematomas, fluid
collections, and infections. During the healing process, US monitors
the progression of injuries and scar formation, complemented by
elastography, which assesses tissue elasticity [22-24].

US stands out as the preferred imaging technique in clinical settings
due to its accessibility and relatively low cost compared to other
modalities. This approach not only enables quick and efficient
interventions butisalso essential for patient recovery [23,24].

A meta-analysis evaluated the effects of US-guided percutaneous
electrolysis on pain and disability associated with musculoskeletal
conditions, both alone and in combination with other interventions.
The results indicated an average reduction in pain intensity, with a
confidence interval demonstrating significance. When pain was
assessed using visual analog or numerical scales, the impact was
considered large. Furthermore, the technique showed a significant
improvement in pain-related disability, with a large effect size
compared to control groups. Thus, US-guided percutaneous
electrolysis was proved effective in reducing pain and improving
functional capacity in patients with musculoskeletal conditions [16,
17,21].

Some case series involving individuals with lateral epicondylitis who
received percutaneous electrolysis and eccentric exercise also
reported a 56% reduction in hypoechogenicity on US. In fact, as
tendons have low metabolism, it is difficult to explain clinical
improvement solely based on changes in tissue structure in the short
term. In such scenarios, neuroplastic changes (induced by the
mechanical stimulus of percutaneous electrolysis or exercise) and
muscle adaptations could explain the clinical effects [21,23].
Intratissular percutaneous electrolysis (EPI°) guided by US is an
innovative treatment technique that stands out for directing a cathodic
current flow specifically to the area of the degenerated tendon,
allowing for a more focused and effective treatment. This modern
approach promotes targeted and efficient tissue regeneration,
contributing to functional recovery and pain reduction in patients.
The combination of imaging technology and electrolysis makes this
technique essential in clinical practice, especially in degenerative
tendon injuries [21].

Studies have shown that machines combining US with fluoroscopy-
guided calculi demonstrated superior results compared to machines
using fluoroscopy exclusively. The results indicated higher stone
elimination rates, better disintegration rates, and lower retreatment
and complication rates [25].

Findings related to calcifications in the shoulder indicate that the
absence of symptoms is often associated with the dissolution or
significant reduction of calcium deposits, accompanied by changes in
the morphology of hydroxyapatite. The success of ESWT is
influenced by the size and initial morphology of the calcium deposits.
Therefore, assessing the involved tissues, the lesion depth, and the
appropriate size of the spacer to be used in the shock wave device’s
handpiece are crucial, as the intensity and frequency of the shock
wavesapplied in treatment depend on these variables [26].

To optimize the results of ESWT, two factors are essential: continuous
US-guided treatment and the application of high-energy therapy, with
repeated sessions when necessary. US guidance provides constant
visual control and allows adjustments in the direction of the shock
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waves, contributing to more effective therapy. The results of ESW'T for
calcific tendinopathy of the shoulder are comparable to those obtained
in arthroscopic or open surgeries, and it is believed that it may prevent
the need for surgicalinterventions [27].

The treatment of upper trapezius myofascial pain syndrome with the
combination of US-guided lidocaine injection and extracorporeal
radial pressure waves has shown promise. Patients who received this
therapeutic approach reported greater efficacy in reducing pain and
stiffness over 4 weeks, validating the precision and authenticity of the
measurements taken [28].

Areview study aimed atidentifying the injection technique and needle
portal positioning that provides greater precision for intra-articular
access to the knee analyzed 12 studies. The results showed that US-
guided injections were significantly more precise than blind
injections, regardless of the anatomical approach used, although the
superolateral approach was the most effective, reducing the risk of
extravascular administrations [29].

This randomized clinical trial in adhesive capsulitis of the shoulder
compared the efficacy and accuracy of US-guided steroid injections
with blind injections into the glenohumeral joint. The results showed
that after 4 weeks, the US-guided group demonstrated improvements
in pain, range of motion, and function. The accuracy of injections was
higher in the guided group (90% vs. 76.19%), although without
statistical significance (P = 0.24). While US-guided injections might
be more effective, they are more costly and time-consuming [30].

This study evaluated the efficacy of US-guided IAIs compared to the
blind technique in treating adhesive capsulitis, with patients receiving
triamcinolone injections followed by sodium hyaluronate. The
outcomes assessed were pain, shoulder range of motion, and daily
activity functionality, measured before the beginning and weekly for 6
weeks. The results showed that the US-guided group experienced

significant improvements in pain, range of motion, and functionality
from the 2nd week compared to the blind group (P < 0.05). However,
no significant differences were observed between the groups after the
3rd week. Itis concluded that US-guided injections may provide early
benefits in pain relief and functionality, suggesting that injection
accuracy is an important factor for effective management of adhesive
capsulitis and that imaging-guided techniques can optimize clinical
outcomes [31].

Conclusion

Ultrasound has become increasingly essential in addressing muscular
dysfunctions, providing a rapid and safe option for dynamic
assessment and effective interventions. Its use as an adjunct tool in
shock waves therapies not only enhances procedural safety but also
allows for more precise positioning, optimizing the delivery of
treatment.[32] Among the advantages of ultrasound-guided
injections are the preservation of surrounding vital structures and the
absence of radiation; however, it is important to consider its
disadvantages, such as operator dependency and the need for
specialized equipment. Additionally, the use of ultrasound can reduce
the number of shock waves pulses required and facilitate objective
documentation of the treatment response, which is critical for an
effective rehabilitation process. [33,34] The incorporation of
ultrasound into clinical practice, in addition to its diagnostic role,
significantly enriches the management of musculoskeletal conditions.
With features such as low cost, portability, and safety, ultrasound
broadens its applicability in therapeutic and regenerative
interventions, solidifying its role as an indispensable tool for
physicians in promoting better patient outcomes. [ 35,36]
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