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Background: Thoracic outlet syndrome (TOS) encompasses a range of symptoms originating from
the compression of neurovascular structures, often leading to significant morbidity. Neurogenic
thoracic outlet syndrome (N-TOS) frequently manifests as brachial plexus neuropathy, with a subset
of patients experiencing refractory pain that does not respond to conservative treatments.

Objectives: This review aims to consolidate current evidence to evaluate the efficacy of available
ultrasound (US)-guided injection techniques, including muscle injections, hydrodissection,
regenerative therapies, and nerve blocks, in managing refractory pain associated with N-TOS.
Additionally, this study aims to provide clinical guidance for pain management in refractory TOS
through current treatment strategies, offering structured guides that physicians can use as practical
tools.

Methods: A literature search was conducted across various academic databases to identify studies
addressing US-guided interventions for refractory N-TOS. Relevant data regarding treatment
efficacy, patient outcomes, and procedural details were extracted and synthesized narratively, as
well as using structured tables and frameworks to aid in clinical decision-making.

Results: US-guided injection techniques have demonstrated effectiveness in managing refractory
pain that occurs after TOS surgery. Muscle injections, particularly botulinum toxin and local
anesthetics, target muscle spasms, while hydrodissection alleviates nerve entrapment. Additionally,
nerve blocks, such as epidurals and stellate ganglion blocks, provide targeted pain relief by
addressing specific nerve pathways. However, although regenerative therapies, including dextrose
prolotherapy and platelet-rich plasma (PRP), show great potential for tissue healing, they remain
under research and available data on them are limited.

Limitations: The effectiveness of these interventions may vary based on individual patient factors,
practitioner experience, and the complexity of TOS presentations. Furthermore, while US-guided
injections are well-established, the role of regenerative therapies requires further investigation due
to a lack of standardized protocols and robust clinical trials, calling for future research.

Conclusion: US-guided injection techniques represent a promising approach for managing
refractory pain in N-TOS, offering tailored pain relief strategies. However, ongoing research is
essential to clarify the efficacy of regenerative therapies and to optimize treatment protocols,
ultimately enhancing patient outcomes and quality of life.

Key words: Refractory thoracic outlet syndrome, pain relief, ultrasound-guided injections, nerve
entrapment, muscle spasms, scar tissue, interventional pain management, regenerative therapies,
brachial plexus, targeted interventions
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horacic outlet syndrome (TOS) is a complex
collection of symptoms caused by compression
of neurovascular structures as they pass through

the thoracicinlet, shoulder girdle, and axillaand into the
arm. First described in 1956 and with complex anatomy
and pathophysiology behind it, TOS consists of 3 primary
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compartments: the interscalene triangle (formed by
the anterior and medial scalene muscles and the first
rib), the costoclavicular space (between the clavicle and
first rib), and the retropectoralis minor space (near the
coracoid process). Traditionally, TOS are subdivided into
neurogenic, venous, and arterial categories. In contrast,
neurogenic thoracic outlet syndrome (N-TOS) manifests
as brachial plexus neuropathy, which may be associated
with the wasting of muscles and is confirmed by nerve
conduction studies. N-TOS is commonly associated
with traumatic injury, prolonged periods of repetitive
activities, including athletics or working at computers,
anatomical variations, or malignancy. Although most
TOS patients respond to conservative treatment, a
subset of such patients will ultimately require surgical
intervention for persistent symptoms (1,2). Given the
multifactorial nature of N-TOS, an effective method for
the diagnosis and treatment thereof is needed.

TOS is uncommon, and the lack of defined diag-
nostic criteria limits its usefulness in population stud-
ies. Therefore, little is known about the prevalence
of refractory TOS specifically. Bearing that limitation
in mind, epidemiological estimates of TOS prevalence
range from 3 to 80 cases per 1,000 individuals, depend-
ing on the population and diagnostic criteria used (3).
Notably, among patients diagnosed with TOS, a subset
of around 10-20% may experience refractory symptoms
that do not respond to conservative treatments. These
cases, in which symptoms persist despite standard man-
agement, are often considered candidates for surgery
or US-guided injections (4).

TOS is still a very controversial entity in terms of
its diagnosis and the best treatment modalities for the
condition (5,6). Even after surgical decompression of a
nerve or vascular structures, pain associated with TOS
can persist, complicating the postoperative course and
affecting the patient’s quality of life. Importantly, sur-
gical interventions can lead to long-term complications
such as brachial plexus and phrenic nerve dysfunction,
apical lung herniation, and graft occlusion after artery
bypass (7). While US-guided injections show promise in
managing TOS, current literature highlights the need
for standardized protocols and further investigation
into the clinical efficacy of TOS treatments. Positive
outcomes have been reported from US-guided injec-
tion therapies, including botulinum toxin injections,
but gaps remain that limit consistent and reliable relief
for a wider general population (8). Recent evidence has
also identified specific anatomical challenges in target-
ing the scalene muscles with precision, suggesting that

better-defined injection points may improve results but
require further study to validate these recommenda-
tions for diverse patient populations (9). The need for
this review is underscored by recent research advocat-
ing the role of imaging guidance but calling for more
focused studies to establish best practices by comparing
and summarizing the evidence to enhance outcomes
in refractory TOS cases (10). Therefore, this literature
review aims to provide an overview of the role of US in
managing refractory pain associated with N-TOS and to
consolidate current evidence on US-guided injections.
This review will evaluate the variability in interventions
such as muscle injections, hydrodissection, regenerative
therapies, and epidural and ganglion blocks when such
techniques are used to target structures involved in
TOS-associated refractory pain.

The main purpose of this review is to provide a
comprehensive overview of the role of US-guided injec-
tions, covering all available techniques while highlight-
ing limitations such as precision, safety, and patient
outcomes. This review also emphasizes areas requiring
further research. Additionally, it aims to provide clini-
cal guidance for pain management in refractory TOS
through current treatment strategies, offering struc-
tured guides that physicians can use as practical tools.

METHODS

The literature search for this review was conducted
across academic databases, including PubMed, Scopus,
the Cochrane Library, Google Scholar, and EMBASE, to
identify relevant studies on refractory N-TOS and the
role of US -guided injections in its management. The
search terms included but were not limited to: “thorac-
ic outlet syndrome” or “brachial plexus neuropathy”
or “thoracic outlet nerve compression” or “thoracic
aperture syndrome” or “scalenus anticus syndrome”
or “costoclavicular syndrome” and “refractory” or
“chronic” or "persistent” or “treatment-resistant” and
“ultrasound” or "imaging-guided” or “sonography”
or “ultrasonography” and “injection(s)” or “nerve
block” or “botulinum toxin” or “pain management”
or “minimally invasive” or “pain relief” or “analgesia”
or "anesthesia” or “muscle block” or “procedural” or
“non-surgical.” The search focused on any studies pub-
lished until November 2024 that addressed the role of
any sort of US-guided injections or other pain manage-
ment interventions for N-TOS. Studies focused solely on
surgical interventions. Papers that had methodologi-
cal limitations, constituted animal studies, or did not
address refractory or chronic N-TOS specifically were

E510

www.painphysicianjournal.com



Optimizing Pain Relief in Refractory TOS With Ultrasound-Guided Injections

excluded. The authors of the present review screened
titles and abstracts individually, and full-text reviews
were conducted to extract relevant data, including
study design, sample size, interventions, outcomes,
and major findings. The data were synthesized and
provided narratively, summarizing the effectiveness
of US-guided injections, identifying procedural gaps,
and highlighting anatomical challenges. Limitations of
this review include language restrictions to English and
potential publication bias.

Pathophysiology of Refractory Thoracic
Outlet Syndrome

Persistent TOS occurs when symptoms continue or
worsen after surgery, while recurrent TOS refers to the
return of symptoms after an initial period of improve-
ment, often called the “honeymoon” phase. The usual
endpoints of surgical success are for patients to be able
to return to their baseline level of functioning and
their willingness to undergo similar procedures again
with similar results. Although uncommonly based on
symptoms, the decision for surgical approach is more
often influenced by surgeon preference. However, this
variation in style does not make a significant difference
to success rates based on the compression site. Impor-
tantly, early surgery is recommended for true N-TOS,
since delaying treatment with conservative manage-
ment may postpone effective management (11-13). A
major factor in refractory TOS, particularly in women,
is trauma, which often triggers neurological symptoms.
Trauma-related TOS generally shows better surgical
outcomes than work-related cases, making trauma
history an important predictor of success. However,
factors such as repetitive post-surgery arm movements,
workers’ compensation claims, and pre-existing joint
or neurological issues in the upper extremity can af-
fect outcomes negatively. These elements highlight the
need for careful patient selection and accurate diagno-
sis to minimize the risk of recurrence (13-15).

In more advanced cases in which patients present
with neurological deficits like weakness and atrophy,
electromyography (EMG) studies are frequently abnor-
mal. These cases are particularly challenging, since the
surgical recovery might be incomplete, and as such,
the time to intervention is internal before irreversible
effects take place (12,13). If there are residual muscle
spasms or hyperactivity, the occurrences thereof often
happen in the scalenes or alongside other musculoskel-
etal issues like pectoralis minor tightness and trapezius
overactivation or tension after TOS surgery, which will

also be a contributor to ongoing pain and discomfort.
These spasms are typically associated with surgical trau-
ma, altered biomechanics, or neuromuscular compen-
sations and result in poor recovery and referred pain
to the arm and/or neck. The control of these spasms
is essential in ensuring successful postoperative results
(16).

Furthermore, fascial involvement plays a central
role in TOS, particularly within the framework of the
biotensegrity model, in which muscles do not function
in isolation. Fascia, the connective tissue that surrounds
muscles, viscera, and joints and coordinates neighbor-
ing muscle activity, plays a crucial role in musculoskel-
etal function and sensation of pain (17). In TOS, the
scalene muscles, often implicated in both myofascial
trigger points and fascial anomalies, can contribute to
localized pain in the cervical region and refer symptoms
to distant areas (e.g., migraines). Fascial alterations,
such as densification or fibrosis, whether from poor
posture or trauma, disrupt the mechanical properties
of the deep fascia, leading to muscle dysfunction and
chronic pain (15,18,19).

Surgical failure in TOS often results from incom-
plete or improper techniques, such as scalenectomy
and neurolysis without removing the first rib, or in-
complete resection of the first rib. Removing a cervical
rib while leaving an aberrant first rib, or the inability
to treat anatomical defects such as ectopic ribs or re-
sidual scalene muscles, might result in recurrent pain.
The transaxillary approach has been associated with
more frequent reports of persistent pain, while the
supraclavicular approach offers advantages in reducing
intraoperative damage. An often-overlooked factor in
failed surgeries is the presence of congenital fibrous
bands, which can cause neurovascular compression that
remains undetected by standard preoperative imaging
(15,20-22).

Spontaneous recurrence of TOS symptoms is fre-
quently caused by scar tissue formation in the surgical
area and exacerbated by the chosen surgical approach.
Scar tissue can anchor nerves and vessels to the bone,
worsening compression and leading to recurring
symptoms. This issue reinforces the need for complete
rib removal during the initial surgery. However, redo
surgeries are more complex than initial surgeries due
to distorted anatomy and extensive scar tissue (21,23-
25). Scar tissue can develop adhesions that entrap
nerves like the brachial plexus, supraclavicular nerve,
or intercostobrachial nerve, resulting in persistent or
worsening discomfort, sensory abnormalities, or mo-
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tor impairments even after decompressive surgery. The
fibrosis may compress or tie nerves, resulting in addi-
tional areas of compression. Inflammation at the sur-
gery site can also result in swelling, which can compress
surrounding nerves and cause neuropathic pain. Other
causes of persistent pain include radial, median, or
ulnar neuropathy, intercostal nerve entrapment (slip-
ping rib syndrome), and suprascapular or cervical nerve
entrapment (16,26). Understanding specific symptoms
based on nerve entrapment in TOS helps clinical diag-
nosis and management (Table 1).

Joint and ligament instability surrounding the
thoracic outlet, particularly the acromioclavicular, ster-
noclavicular, glenohumeral, and scapulothoracic joints,
is @ major cause of refractory TOS. Ligament laxity can
cause subluxations in the thoracic spine or ribs, which

worsens neurovascular compression. Furthermore, en-
thesopathies in muscles such as the levator scapulae,
subscapularis, serratus anterior, and rotator cuff might
contribute to chronic discomfort. The involvement of
anterior chest joints and ligaments, particularly around
the costochondral and costosternal areas, is another
frequently neglected factor in refractory TOS (19,27).

Clinical Presentation of Refractory Thoracic
Outlet Syndrome

TOS can often be misdiagnosed as other condi-
tions that share similar symptoms, such as cervical disc
herniation, shoulder joint problems, fibromyalgia, or
Raynaud’s disease. This diagnostic confusion can lead
to unnecessary or ineffective surgical interventions.
Although many patients experience gradual improve-

Table 1. Symptoms of nerve entrapment in TOS 1o guide diagnosis and management.

Entrapped . . .
Nerve Symptom Guide for Diagnosis
Pain: dull aching in the supraclavicular region, extending to the chest and shoulder.
Supraclavicular Paresthesia: tingling above the clavicle and upper chest.
nef’)ve Hypersensitivity: increased sensitivity to touch, worsened by arm or shoulder movements.
Numbness: around the clavicle, possibly extending to the shoulder.
Secondary Effects: chronic irritation may cause shoulder and upper back muscle fatigue, limiting motion.
Pain: deep, dull ache in the posterior or lateral shoulder, worsened by movement.
Suprascapular Weakness: difficulty with shoulder abduction and external rotation, affecting overhead or outward movements.

nerve Atrophy: chronic entrapment may lead to muscle wasting in the supraspinatus and infraspinatus, causing shoulder asymmetry.
Sensory Symptoms: occasional tingling or numbness, though less common due to the motor function of the nerve

Dorsal scapular
nerve

Pain: dull aching along the medial border of the scapula, often described as “burning” or “nagging”
Radiation: pain may spread to the shoulder or neck, especially with overhead movements.
Weakness: difficulty retracting or elevating the scapula, leading to poor posture or scapular winging.
Tension: discomfort in the upper back or between the shoulder blades due to muscle fatigue.
Sensory Symptoms: rare numbness or tingling, since the nerve primarily has motor function.

Spinal accessory

Weakness: shoulder drooping and difficulty with shoulder elevation and scapular stability due to trapezius dysfunction.
Pain: dull ache in the shoulder and neck, worsened by lifting or carrying weight.
Impaired Movement: difficulty with shoulder shrugging and arm elevation above shoulder level.

nerve Atrophy: muscle wasting in the trapezius, leading to shoulder asymmetry and scapular winging.

Secondary Discomfort: compensatory pain in the neck and shoulder, though sensory symptoms are rare.

Weakness: difficulty with shoulder adduction and internal rotation, affecting activities like rowing or swimming.
Thoracodorsal Pain: dull, aching pain in the lower scapular or upper back during shoulder or arm movements involving the latissimus dorsi.

nerve Atrophy: chronic entrapment may lead to muscle wasting in the latissimus dorsi, altering the shoulder and upper back contour.
Sensory Symptoms: rare, since the thoracodorsal nerve primarily serves motor function.

Long thoracic

Winging: scapular winging, noticeable when pushing against a wall or lifting the arm.

Weakness: difficulty stabilizing the scapula due to weakened serratus anterior, affecting overhead movements.
nerve Pain: dull ache or discomfort along the shoulder and upper back, especially after physical activity.

Sensory Symptoms: rare, as the long thoracic nerve primarily has motor function.

Pain: numbness, tingling, or burning along the inner upper arm, from the armpit to the elbow.
Hypersensitivity: discomfort or increased sensitivity in the upper arm, aggravated by arm movements or pressure in the axillary

Intercostobrachial :

nerve region.
Radiating Pain: sharp or shooting pain may radiate from the chest wall to the upper arm.
Sensory Function: the intercostobrachial nerve is sensory, causing discomfort along the upper arm.
Weakness: difficulty with shoulder abduction and external rotation due to deltoid and teres minor dysfunction.

. Atrophy: progressive muscle wasting in the deltoid, leading to visible shoulder asymmetry.

Axillary nerve Lo . . .
Sensory Loss: numbness or tingling over the lateral shoulder, where the axillary nerve provides sensation.
Exacerbation: repetitive overhead movements or poor posture may worsen pressure on the axillary nerve, causing impingement.
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Table 1 cont. Symptoms of nerve enirapment in TOS to guide diagnosis and management.

Ent d

N::r::ppe Symptom Guide for Diagnosis
Weakness: difficulty with shoulder adduction, internal rotation, and movements involving the pectoralis muscles, affecting pushing
or lifting.

Medial pectoral Pain: dull, aching pain or discomfort in the chest or upper shoulder, worsened by arm movements or postural changes.

nerve Atrophy: muscle wasting in the pectoralis major or minor, reducing pushing strength in chronic cases.

Sensory Symptoms: rare, but mild tingling or numbness may occur in severe cases, since the nerve primarily provides motor
innervation.

lateral pectoral
nerve

Weakness: difficulty with shoulder adduction, flexion, and internal rotation, affecting pushing and cross-body movements.

Pain: dull, aching pain in the chest or anterior shoulder, worsened by overhead movements, pushing, or poor posture.

Atrophy: muscle wasting in the pectoralis major, leading to visible muscle loss and reduced shoulder function.

Sensory Symptoms: rare tingling or numbness in the chest or shoulder, as the lateral pectoral nerve mainly provides motor function.

Sympathetic
plexus

Vascular Symptoms: coldness and pallor in the affected hand or arm due to vasoconstriction and reduced blood flow.

Sweating Abnormalities: excessive sweating (hyperhidrosis) or lack of sweating (anhidrosis) in the affected area (hand or forearm).
Pain and Discomfort: burning pain or aching in the arm/hand, and tingling or numbness, potentially due to sympathetic plexus
involvement.

Temperature Regulation Issues: heightened sensitivity to temperature changes (cold or heat) in the affected limb.

Superficial vs. Deep Plexus: Superficial Plexus: linked to sweating issues and temperature regulation. Deep Plexus: involvement can
cause vascular changes, chronic pain, or muscle weakness.

Medial Cutaneous
Nerve

Numbness/Tingling: felt along the medial arm and forearm, especially with certain arm positions or thoracic outlet compression
(e.g., overhead movements).

Pain: dull, aching or burning pain in the inner arm/forearm, worsened by lifting, reaching, or sustained arm postures.
Hypersensitivity: excessive sensitivity to touch or temperature on the medial arm/forearm, causing discomfort even with light
pressure or clothing.

Skin Discoloration: rare vascular changes, such as paleness or flushing, if other brachial plexus or sympathetic fibers are involved.
Muscle Weakness: not typical for the medial cutaneous nerve, but weakness may occur if other brachial plexus branches are affected.

Phrenic nerve

Breathing Difficulties: shortness of breath, especially with deep breaths or physical exertion.

Paradoxical Breathing: abnormal abdominal rise during inhalation, indicating diaphragmatic weakness or paralysis.

Decreased Diaphragmatic Movement: reduced chest expansion due to limited diaphragm movement, causing breathing difficulty.
Cervical Pain: neck, shoulder, or upper chest pain due to phrenic nerve involvement (C3-C5 roots).

Neurological Symptoms: tingling, numbness, or pain in the neck or shoulder region from nerve proximity.

Autonomic Symptoms: in rare cases, symptoms like increased sweating or temperature regulation issues due to sympathetic

dysfunction.

ment in numbness within the first 6 weeks after sur-
gery, these symptoms can persist for months or even
years, reflecting the prolonged recovery process as-
sociated with N-TOS surgery. This issue highlights the
importance of patient education and setting realistic
expectations about postoperative recovery and symp-
tom resolution. Persistent pain can be caused by any of
several factors, including lingering nerve compression
(often affecting the brachial plexus or nearby nerves),
myofascial tension or spasms (especially in the scalene
and pectoralis minor muscles), scar tissue formation, or
inflammation in the surrounding areas. Proper patient
education reduces frustration and provides a better
understanding of potential recurring symptoms (28)
(Tables 2 and 3).

Secondary surgeries, particularly those involving
first rib resection, carry a higher risk of complications,
including nerve injuries. For instance, palsies of the
long thoracic nerve (LTN) have been reported in a small
number of patients undergoing secondary rib resection
procedures. This increased risk emphasizes that the

need for careful planning and execution in secondary
interventions is even greater than in primary surgeries
(23,29).

TOS manifests in 2 primary forms, organic com-
pression of nerves or blood vessels, and functional
compression related to muscle tightness and poor rib
mechanics, particularly in the scalene and pectoralis
minor muscles. Post-surgical pain often arises from
undiagnosed or inadequately treated myofascial pain
syndrome (MPS), with scalene muscle dysfunction play-
ing a major role. Myofascial trigger points and fascial
anomalies in these muscles can cause localized pain in
the cervical region and even radiate to distant areas,
like the head, resulting in migraines. Fascial alterations,
such as densification or fibrosis from surgery or poor
posture, disrupt muscle function and lead to chronic
pain (30-33).

Nerve entrapment is a significant concern both
as a primary source of TOS pain and as a potential
post-surgical complication. During the first stages of
recovery, patients typically experience mild to moder-
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Table 2. The factors contributing to refractory pain after TOS surgery and the complexity and interplay of various causes and steps in

the treatment process.

Cause of Refractory Pain .
Following TOS Surgery Step Details
Improper patient selection | Selection of patients unsuitable for surgery may lead to inadequate outcomes.
First Step Inconclusive diagnosis Diagnosis may be unclear or mistaken for other conditions.
Confused with other conditions that mimic its symptoms.
Surgical failure Issues during surgery may arise due to inadequate technique.
Incomplete or improper surgical technique leading to unresolved symptoms.
Failure to identify and address congenital bands during surgery
Second Step Intraoperative nerve injury | Nerve injury occurring during the surgical procedure.
After surgery Complications after surgery may include scar tissue formation.
Scar tissue can cause additional pain and complications.
Redo surgery Necessity for additional surgical intervention due to unresolved issues.

Table 3. The various factors that can lead to pain afier surgery and the potential sources of discomfort that patienis may experience.

Post-Surgical Pain Generators Description

Residual nerve compression

Nerve compression that may occur after surgery, leading to pain and discomfort.

Myofascial tension

Tension in the fascia and muscles that can result from surgical trauma, causing pain.

Persistent muscle spasms

Ongoing muscle spasms that may arise as a response to surgery or nerve irritation.

Scar tissue development

Formation of scar tissue can create adhesions and restrict movement, leading to pain.

Inflammatory responses in surrounding tissues

Inflammation in tissues surrounding the surgical site can contribute to ongoing pain.

ate pain, frequently described as spasms in the neck,
back, and shoulder, very close to the site of their N-TOS
surgery. In addition, numbness may also occur notably
at the incision site but can extend to the neck, chest,
arm, or hand. Other postoperative conditions, such as
hyperhidrosis, causalgia, and reflex sympathetic dys-
trophy, may lead to sympathetically maintained pain
syndromes (21,34,35).

Scapular winging is a well-described complication
that ensues after nerve injuries incurred during TOS
surgery. This complication can occur in specific patterns,
depending on the nerves that are injured. The most
common cause of medial scapular winging is LTN palsy
of the serratus anterior muscle, an effect that manifests
as the protrusion of the scapula. On the contrary, later-
al winging is often due to trapezius dysfunction (most
commonly following spinal accessory nerve [SSN] palsy)
or rhomboid paralysis associated with dorsal scapular
nerve injury. These conditions not only cause pain and
functional limitations but also contribute to cosmetic
deformities, which can be distressing for most patients.
As such, refractory symptoms after TOS surgery, such
as scapular winging, often necessitate further thera-
peutic consideration, emphasizing the need for careful
intraoperative nerve preservation and postoperative

management (26,36). Conditions like costochondritis
or ligament strain in the surrounding areas can mimic
or worsen TOS, resulting in persistent chest wall pain
that radiates to the shoulder or neck. Inflammation or
degeneration at soft-tissue attachment sites can add to
localized pain and increase neurovascular compression
within the thoracic outlet. Additionally, ligament insta-
bility in the joints that connect the ribs to the sternum
can cause abnormal movement and biomechanical
stress, further intensifying TOS symptoms (33).

Diagnostic US in Refractory Thoracic Outlet
Syndrome

Diagnosing N-TOS, particularly in refractory in-
stances, is difficult due to a lack of defined diagnostic
criteria, the low sensitivity of imaging modalities, and
a broad differential diagnosis. High-frequency ultra-
sound (HFUS) emerges as a valuable tool in N-TOS
diagnosis, allowing for the visualization and location
of brachial plexus lesions, as well as the identifica-
tion of muscle or bony abnormalities that cause nerve
compression. HFUS provides precise insights into the
perineural environment, nerve fascicular structure, and
diameter, assisting with diagnosis and treatment (5).

HFUS is particularly beneficial for making preoper-
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ative dynamic assessments, especially in cases of lower
trunk compression of the brachial plexus. The tool al-
lows for accurate evaluation of the required surgical
approach. The dynamic nature of TOS symptoms can
complicate diagnosis; however, when clinical suspicion
of N-TOS is high, a dynamic US can capture symptoms
that may not be present at rest. For instance, HFUS
can reveal focal thinning at the point of lower trunk
compression, along with significant thickening of the
nerve distal to the compression site. This symptom can
be quantified, showing a greater increase in the cross-
sectional area of nerve cords on the affected side than
on the healthy side, indicative of nerve compression.
The US can also visualize hyperechoic fibromuscular
structures, known as the “wedge-sickle sign,” which
may compress the inferior trunk of the brachial plexus.
If abnormal bony structures are present along the deep
surface of the nerve root, these should also be docu-
mented (13,37,38).

Additionally, US is useful for identifying indirect
signs of muscle spasms and hypertrophic changes. A
US image can indicate muscle spasms by revealing
increased stiffness or tension and may show chronic
changes like thickened fascia or muscle swelling, with
the color Doppler technique demonstrating altered
blood flow caused by increased muscle tension. For
hypertrophy, US can visualize increased muscle thick-
ness and density, with changes in echotexture indicat-
ing chronic hypertrophy (39). Furthermore, muscle
spasms are common in TOS, notably in the scalene
and pectoralis minor muscles, which cause pain and
worsen neurovascular compression. Hypertrophy may
also result from persistent stress or compensatory
mechanisms affecting these muscles. Hypervascularity
is more associated with muscle spasms or inflammation
than with hypertrophy itself; in hypertrophic muscles,
there are typically no significant changes in blood
flow detectable by Doppler US, particularly when the
muscles are not inflamed. Whereas hypervascularity
indicates inflammation or active processes, muscle hy-
pertrophy alone generally does not lead to increased
vascularity unless inflammation is present. Thus, both
muscle spasms and hypertrophy can contribute to TOS
symptoms, with hypervascularity linked primarily to
spasms or inflammation. US is a noninvasive method
for monitoring muscle thickness changes and detecting
individual muscle patterns and superficial membranous
layers during exercise. While muscles seem hypoechoic,
the fascia connecting them appears hyperechoic, allow-
ing for exact visualization (40).

Furthermore, US may detect the presence, topog-
raphy, and thickness of superficial membrane layers,
with the arrangement and thickness varied accord-
ing to body area and individual characteristics. In
advanced cases involving neurological impairments,
an ultrasonography examination can detect muscular
atrophy. However, a healing process for damaged
muscle fibers may appear as hyperechoic alterations on
ultrasonography, indicating muscle fiber remodeling.
This dynamic evaluation helps to diagnose the level of
damage and directs therapy interventions to maximize
recovery. HFUS is a valuable tool for detecting muscle
hypertrophy and fibrosis, particularly in the anterior
and middle scalene muscles. In cases of TOS, HFUS can
reveal specific manifestations of muscle hypertrophy
that may contribute to nerve compression, even in the
absence of other pathologies. For instance, brachial
plexus echography might show isolated hypertrophy of
the subclavius muscle, which can cause compression of
the brachial plexus (37,38). This hypertrophy is often
fusiform in nature, compressing the brachial plexus in-
side the interscalene triangle but not involving the pec-
toralis minor area. A typical subclavius muscle measures
approximately 0.51 cm in thickness; however, in hyper-
trophic cases, the subclavius muscle can rise to 0.72 cm,
underlining the usefulness of focused ultrasonography
in identifying TOS-related muscular abnormalities (17).

In cases of refractory TOS, diagnostic US is essential
for identifying entrapment neuropathy. The cross-
sectional area of the brachial plexus is often larger on
the affected side, indicating lower trunk compression.
The distal part of the nerve may be thickened due to
edema, with measurements of approximately 0.49 +
0.12 cm on the affected side compared to 0.38 + 0.06
cm on the healthy side. Abnormal US findings associ-
ated with pressure neuropathy include nerve enlarge-
ment at the site of compression, reduced echogenicity,
and increased vascularity. Accurate quantification of
nerve size is essential for diagnosing nerve entrapment
and related conditions. US provides detailed measure-
ments, such as cross-sectional area and swelling ratio
in transverse views and nerve diameter in longitudinal
images. Major pathological signs, such as alterations
in nerve shape, disruption of the normal fascicular
pattern, and increased blood flow, the last of which is
identified by color Doppler imaging, indicate the sever-
ity and nature of nerve entrapment. Furthermore, post-
surgical complications such as scar neuromas might
develop at the site of nerve damage. US is useful in
diagnosing these neuromas, which appear as discrete
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hypoechoic fusiform masses with several longitudinal
hypoechoic bands separated by hyperechoic tissue.
Recognizing these different ultrasonography findings
is crucial for addressing chronic symptoms after nerve
injury (16,17,22,37,41).

Muscle wasting, atrophy, and degeneration often
result from direct mechanical compression, anatomical
variations, space-occupying lesions, or repetitive trac-
tion and irritation of nerves at focal entrapment sites.
This phenomenon highlights the importance of early
diagnosis and intervention to prevent permanent dam-
age. For example, US can detect atrophy and weakness
in the supraspinatus and infraspinatus muscles, which
are innervated by the suprascapular nerve (SSN), fur-
ther assisting in evaluating nerve compromise. US is
particularly valuable in visualizing and diagnosing
pathologies in the SSN, LTN, SAN, and phrenic nerve.
In cases of LTN palsy, US imaging may reveal muscle
edema, atrophy, or fatty degeneration, with the LTN
having a mean diameter of 1.6 mm. Peripheral nerve le-
sions, such as neuromas, appear as discrete hypoechoic
fusiform masses with multiple hypoechoic bands,
distinguishing them from healthy nerve structures.
Brachial plexus injuries are effectively assessed through
sonography, which may reveal scarring, nerve thicken-
ing, or abnormal fascicular patterns, helping to identify
the extent of nerve damage. High-resolution imaging,
like MR, further contributes to the radiologic diagnosis
of peripheral nerve lesions, offering hope for advanced
diagnosis and treatment planning in complex cases.
Sonographic findings often correlate closely with op-
erative findings, aiding surgeons in identifying nerve
injuries or neuromas, such as spindle neuromas result-
ing from chronic irritation (36,42-45). These advanced
imaging techniques are critical for guiding early and
accurate intervention, preventing further nerve dam-
age, and optimizing outcomes in refractory TOS and
other nerve-related conditions (Fig. 1).

Considering the complexity of cervical anatomy
and the role of fascial integrity in maintaining soft
tissue balance, a comprehensive diagnostic approach
is essential. Sonographic evaluations can assess both
superficial and deep muscle layers accurately, facili-
tating the identification of myofascial trigger points
(MTrPs) that may not be detectable through palpation.
These MTrPs are characterized by fascial densification
and impaired gliding, which illustrate the intricate
support system of fascial structures that contribute to
cervical myofascial pain and serve as a differential di-
agnosis. This advanced imaging methodology enhances

diagnostic precision and informs targeted therapeutic
interventions, ultimately improving patient outcomes
and minimizing the risk of chronic post-surgical pain.
By integrating US into clinical practice, health care pro-
viders gain a deeper understanding of the multifaceted
nature of myofascial pain and its implications for surgi-
cal management (16,33).

Ultrasonography is instrumental in detecting fas-
cial changes, particularly in the deep fascia of the neck,
which are often implicated in TOS. The ability to visual-
ize fascial planes allows for the detailed assessment of
thickness, density, and structural integrity. Real-time
US capabilities enable dynamic evaluations, providing
insights into how fascial tissues respond to movement,
tension, and mechanical stress. Clinicians can identify
areas of fascial thickening, adhesions, or abnormalities
that may contribute to musculoskeletal pain or dys-
function. In healthy individuals, the membranous layer
of fascia appears as a sharply defined, continuous hy-
perechoic line. In contrast, unhealthy patients exhibit
discernible adhesions among fascial layers, presenting
a more heterogeneous and hypoechoic appearance,
which may indicate increased susceptibility to compres-
sion and lateral translation (16,18,40).

Although the results of a systematic review high-
light the lack of available evidence to support the
assertion that US can be used as a diagnostic test for
N-TOS, there do exist cues that may assist the physician
in conducting a diagnostic workup at the patient’s bed-
side to rule out the causes of refractory TOS (Table 4).

US-Guided Injections for Refractory Thoracic
Outlet Syndrome Pain Management

US-guided therapies have proven critical in manag-
ing refractory pain after TOS surgery. The use of US guid-
ance improves the precision and safety of treatments by
assuring correct needle insertion and reducing the risk
of complications. US-guided injection techniques enable
precise administration of therapeutic medicines to areas
of post-surgical pain, such as the scalene muscles, bra-
chial plexus, or scar tissue regions. US guidance is simply
an advanced, patient-centered method of managing
refractory pain, reducing the risks and complications as-
sociated with blind injections while increasing efficacy
(15). Different approaches are discussed in greater detail
throughout in this section.

Muscle Injections
US-guided muscle injections involve delivering
therapeutic agents directly into targeted muscle tis-
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Fig. 1. Diagnostic ultrasound in refractory TOS. a) Longitudinal view of the compressed lower trunk (LT') and the compression
caused by the MS. Lower trunk compression. HF'US showed focal thinning at the level of lower trunk due to compression. BP,
brachial plexus; LT, lower trunk, AS, anterior scalene muscle; SM, scalenus minimus muscle; MS, middle scalene muscle;

SCA, subclavian artery (37). b) The cross-sectional area of the brachial plexus cords was markedly increased as an entrapment
neuropathy (the distal nerve was thickened for edema). BE, brachial plexus; SCA, subclavian artery (37). ¢) Short-axts view
showing LT compression caused by the SM. Hyperechoic fibromuscular bands (mostly in the scalenus minimus muscle) behind the
compressed nerve. BP, brachial plexus; LT, lower trunk, AS, anterior scalene muscle; SM, scalenus minimus muscle; MS, middle
scalene muscle; SCA, subclavian artery (37). d) Ulirasound images of the cervical rib. AS: anterior scalene muscle; CR: cervical
rib; MS: middle scalene muscle. The yellow dashed area encircles the brachial plexus (62). e) The intercostobrachial nerve,

often overlooked by surgeons during axillary procedures or during injections, can become a major source of distress for patients if
damaged. ICBN, intercostobrachial nerve. AXA, AXV, axillary artery and vein. LD, latissimus dorst muscle. PM, pectoralis
minor muscle. f) The dorsal scapular nerve (DSN ) emerges from the C5 anterior ramus, pierces the M.S, and courses beneath

the levator scapulae muscle (LS). The long thoracic nerve (LTN) also travels within the M'S. Multiple tiny hypoechoic fascicles,
belonging to the long thoracic and dorsal scapular nerves, pass through a cleavage plane within the MS, which may be injured
during muscle injections or compromised during surgical procedures, leading to significant complications
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Table 4. The ulirasound findings related to siructural anomalies, muscle hypertrophy, fibrosis, and nerve compression in refractory

neurogenic TOS as well as LTN, SAN, SSN, and DSN.

Ultrasound Finding

Description

Possibility of Peripheral Nerve Entrapment

Presence of bilateral or unilateral cervical ribs or

of middle scalene muscle

Cervical ribs/elongated supernumerary ribs can contribute to compression and
C7 transverse processes | . pe Y . pressi R Possible involvement of supraclavicular nerve, SSN, SAN,
o] o impingement of nerve roots. Protrusion of the distal tip of .
and cervical rib o] L £ . . LTN, and phrenic nerve due to altered anatomy.
S the cervical rib into the interscalene triangle narrows space,

P possibly impinging nerve roots.

Brachial plexus trunk Cross-sectional view shows a larger area of the brachial plexus | Inferior trunk (C8-T1), potentially involving

area trunk on the injured side than on the normal side. supraclavicular nerve, LTN, SSN, and SAN.
Ultrasound can visualize muscle hypertrophy directly as an Likely compression of supraclavicular nerve, SSN,

Hypertrophy and spasm | . . . . .

. increase in muscle thickness. phrenic nerve, and parts of the brachial plexus and

of anterior scalene . . .

muscle The muscle fibers may appear denser and bulkier, and changes | cervical plexus Anterior scalene hypertrophy or spasm
in echotexture may indicate chronic hypertrophy. can indirectly compress or stretch DSN, SAN, and LTN.
On ultrasound, a spasm of the muscles can sometimes reveal
increased muscle stiffness or tension. In cases of chronic Phrenic nerve, SSN, greater occipital nerve,

Hypertrophy and spasm

spasm, the clinician may see changes such as thickening of the
fascia or muscle swelling. Color Doppler imaging may show
hypervascularity due to the muscle’s increased tension.

supraclavicular nerve, LTN, DSN, and SAN, and cervical
plexus nerves.

Pectoralis minor muscle

Spasm/hypertrophy in the pectoralis minor muscle,

Likely impact on the medial pectoral nerve, lateral
pectoral nerve, axillary nerve subscapular nerve,

compression (short-axis
view)

hypertrophy and spasm | contributing to brachial plexus compression. ot oo BN SN e LN o AN
Lower tru.nk Compression of the lower trunk of the brachial plexus due to C8-T1 roots affecting the LTN, SSN, SAN’. DSN, medial
compression hypertrophy and/or fibrosis of the scalene muscle pectoral nerve, lateral pectoral nerve, axillary nerve,
(longitudinal view) P Y ' thoracodorsal nerve, and phrenic nerve.

Lower trunk Focal thinning and distal nerve thickening reflect compression

at the lower trunk level, with nerve edema (affected side: 0.49 +
0.12 cm vs. healthy side: 0.38 + 0.06 cm).

Wedge-sickle sign

Hyperechoic fibromuscular structure at the medial edge of the
middle scalene muscle causing compression of the lower trunk,
creating a swollen, sickle-shaped hypoechoic area.

Compression of lower plexus nerves, including
supraclavicular nerve, DSN, LTN, SSN, medial

pectoral nerve, lateral pectoral nerve, axillary nerve,
thoracodorsal nerve, medial cutaneous nerve of arm and
forearm, and possibly phrenic nerve.

Subclavius muscle
hypertrophy

Ultrasound shows isolated fusiform hypertrophy of the
subclavius muscle, causing lower brachial plexus compression.
A normal subclavius muscle measures approximately 0.51 cm
in thickness, but in hypertrophic cases, the subclavius muscle
can increase to 0.72 cm.

DSN, SSN, SAN, LTN, and other nearby nerves may also
be affected by compression.

Hypertrophy/fibrosis
of scalenus minimus
muscle

Scalenus minimus muscle hypertrophy and/or fibrosis
contributing to brachial plexus compression.

Likely involves SSN, DSN, SAN, LTN, and sympathetic
plexus.

Fibrous ligaments extending to the first rib or pleural cupula

C8-T1 roots affecting LTN, SSN, SAN, and phrenic

Abnormal ligaments may displace and constrict the inferior brachial plexus (C8 and
TI). nerve.
. Separate fibrous bands from C6 and/or C7 vertebrae to the first | SSN, SAN, LTN, DSN phrenic nerve, and sympathetic
Fibrous bands . . -
rib compress the brachial plexus. plexus potentially entrapped.
Myofascial trigger points | Well-defined focal hypoechoic nodules appearing as myofascial | Possible involvement of SSN, SAN, and superficial
(MTrPs) trigger points in ultrasound imaging. sympathetic plexus due to fascial and muscle changes.

Increased fibrous
component in neck
muscle fascia

Ultrasonography reveals increased fibrous component and
total thickness of the deep fascia of the neck muscles.

SSN, SAN, LTN, and superficial sympathetic plexus
involvement.

Scar neuroma

Appears as a discrete hypoechoic fusiform mass with multiple
longitudinal hypoechoic bands separated by hyperechoic tissue.

Likely affects SSN, SAN, LTN, medial pectoral nerve,
lateral pectoral nerve, axillary nerve, thoracodorsal
nerve, and sympathetic plexus, depending on scar
location.
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sues. For TOS-related pain, this technique addresses
tense or spastic muscles to alleviate associated nerve
pressure and reduce pain. When persistent muscle ten-
sion or compensatory spasms develop in the scalene or
pectoralis minor muscles, US-guided injections offer
relief by targeting these areas. Therapeutic agents,
including local anesthetics, botulinum toxin (Botox), or
dextrose, are administered precisely to reduce muscle
tension, alleviate pressure on adjacent nerves, and re-
lieve pain. In cases wherein persistent pain involves the
pectoralis minor muscle, targeted injections can also
reduce muscle tension and modulate pain transmission.
Functional issues related to muscle tightness and poor
rib mechanics, particularly in the scalene and pectoralis
minor muscles, contribute to pain and dysfunction. The
myogenic plexopathy variant, characterized by muscle-
related nerve compression, often responds well to
US-guided myofascial release and trigger point therapy
(33,41,46-48). Dramatic pain relief is often achieved
through US-guided dextrose hydrodissection, which
releases entrapped nerves, scar tissue, and fibrosis
that develop in muscles or soft tissues and can cause
mechanical irritation. Sites of muscle remodeling, indi-
cated by hyperechoic changes on US, can be targeted
by hydrodissection, proving effective in reducing pain
and enhancing function (33,34,49).

Hydrodissection

In simple terms, hydrodissection involves using
fluid to separate tissue layers, alleviating nerve entrap-
ment and associated pain. When used for neuropathic
pain, US-guided hydrodissection targets specific nerves
or nerve groups, such as the brachial plexus, with
solutions like dextrose or local anesthetics to reduce
irritation and reduce inflammation (17). In cases of
persistent neuropathic pain, such as supraclavicular
nerve entrapment, supraclavicular nerve hydrodissec-
tion may provide relief. Targeting the brachial plexus
with dextrose, a local anesthetic, or their combina-
tion with corticosteroids can reduce nerve irritation
and modulate inflammation. If pain radiates toward
the upper arm or chest, especially in patients with re-
ferred pain after TOS surgery, intercostobrachial nerve
hydrodissection may also be beneficial. Additionally,
US-guided hydrodissection of peripheral nerves, such
as the brachial plexus and the radial, median, ulnar, in-
tercostal, suprascapular, and superficial cervical plexus,
offers another avenue for pain relief injections (50-52).
Recent research also supports the use of US-guided
perineural injection of botulinum toxin-A (BT-A), a

promising and safe treatment for painful peripheral
nerve injuries, providing pain relief for several months
without causing sensory disturbances. Interestingly, this
intervention appears to deliver significant analgesic
benefits even for patients who do not exhibit signs of
hyperalgesia. US-guided injections, particularly subepi-
neural BT-A injections, represent a novel approach to
managing unresponsive neuropathic pain. Although
intraneural injections have traditionally been discour-
aged due to concerns about potential neurological
complications, recent evidence suggests that BT-A in-
jections into nerves are safe, with no adverse effects
on nerve architecture or myelination. In particular,
targeting the pectoralis minor and scalene muscles has
demonstrated potential in alleviating the symptoms of
chronic neuropathic pain, including entrapment of the
supraclavicular nerve. These injections may also aid in
predicting how patients might react to more invasive
procedures, such as first rib resection, thus providing
a novel, elective therapy option for those with chronic
neuropathic pain and opens new therapeutic options
in cases wherein conventional therapies have failed.
This review underscores the importance of conducting
further studies with larger sample sizes to strengthen
the confidence in these findings (48,53,54).

Regenerative Therapies

Regenerative therapies, such as dextrose prolo-
therapy, platelet-rich plasma (PRP), and stem cell prolo-
therapy, stimulate tissue repair and promote long-term
pain relief. These treatments target the fascia, muscle-
fascia interfaces, and areas of degeneration, helping to
strengthen weakened tissues and reduce chronic pain.
Regenerative therapy for TOS can treat muscular atro-
phy and nerve entrapment by stimulating cellular repair.
Dextrose injections, particularly, show potential for re-
storing muscle function and integrity. While intriguing,
the use of PRP and stem cells in TOS treatment remains
under-researched. Further studies are needed to stan-
dardize techniques and establish their efficacy (55,56).
Moreover, US-guided interventions, such as perimysium
dissection with dextrose, hydrodissection, and myo-
fascial release, can target the muscle-fascia interface,
which is particularly beneficial in cases of residual or
secondary myofascial pain following surgery or injury.
By addressing the fascial layer that surrounds muscles,
these treatments promote healing, release tension, and
reduce inflammation in the muscle tissues. This targeted
approach can lead to pain relief and muscle function
improvement (33,57-59). These regenerative treatments
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promote the recovery of tissues compromised by chronic
pain or nerve compression. They provide significant
long-term comfort by strengthening the fascia and
stimulating tissue regeneration. However, more research
is needed to develop standardized protocols and per-
form randomised trials to support the wider use of these
treatments in clinical practice.

Epidurals and Ganglion Blocks

Nerve and spinal injection techniques are employed
to reduce pain and inflammation by targeting specific
nerve pathways and spinal structures. Thoracic epidural
and peripheral nerve blocks are used in cases wherein
conservative treatments have failed or persistent pain
remains after TOS surgery. US-guided thoracic epidural
steroid injections can be used to address inflammation
at the spinal level. However, safer, less invasive alterna-
tives—such as erector spinae plane blocks, paraverte-
bral blocks, and pectoralis plane blocks—are becoming
preferred options. These US-guided blocks target the
neural pathways and fascial layers involved in the tho-
racic outlet, providing long-lasting pain relief, reducing
the risk of chronic pain, decreasing opioid dependence,
and supporting better post-surgical recovery outcomes
(17,34,60).

The US-guided stellate ganglion block (SGB) is
another effective intervention for cases of recurrent or
sympathetic-maintained pain syndromes. By targeting
the stellate ganglion, this block reduces sympathetic
nervous system outflow, providing pain relief, im-
proved blood flow, and the alleviation of other associ-
ated symptoms. Beyond its pain-relieving effects, the
SGB also serves as a diagnostic tool to assess the role of
the sympathetic nervous system in chronic pain, guid-
ing further treatment strategies (61) (Table 5).

In summary, US-guided injection techniques pro-
vide focused, low-risk therapies for managing refrac-
tory pain after TOS surgery. These techniques include
muscle injections—such as botulinum toxin, local anes-
thetics, and dextrose—that target muscle spasms and
tightness in areas like the scalene and pectoralis minor.
Hydrodissection, which uses fluid injection to alleviate
nerve entrapment, can relieve pressure on the brachial
plexus and supraclavicular nerve. Additionally, regen-
erative therapies like dextrose prolotherapy and PRP
aim to stimulate tissue healing and address nerve or
muscle degeneration, while nerve blocks, including epi-
durals and stellate ganglion blocks, provide targeted
pain relief by addressing specific nerve pathways.

Current literature supports the effectiveness of

US-guided injection techniques in managing refractory
pain associated with N-TOS. Botulinum toxin injections
and hydrodissection have shown significant promise
in alleviating symptoms related to muscle spasms and
nerve entrapments. US-guided epidurals and ganglion
blocks further enhance pain management by address-
ing inflammation and nerve pathways. However,
regenerative therapies, while potentially beneficial in
aiding long-term relief, remain under-researched, with
insufficient literature to fully establish their efficacy.
The lack of standardized protocols and robust clinical
trials complicates the assessment of these therapies,
indicating a need for further investigation into their
role in patient management.

Despite their advantages, US-guided injections
have limitations. The effectiveness of these interven-
tions can vary based on the complexity of the TOS
presentation, individual patient factors, practitioner
experience, and patient response. Moreover, US-guided
injections may not resolve all underlying structural is-
sues, such as severe anatomical compression, and may
need to be integrated with other treatment modalities
for comprehensive management.

CONCLUSION

The effective management of refractory pain fol-
lowing TOS surgery necessitates a comprehensive and
multifaceted approach. Accurate diagnosis is essential
and can be enhanced greatly through the detailed
visualization of relevant anatomical structures, using
US and other imaging modalities. Targeted US-guided
interventions play an essential role in addressing trig-
ger points, fascial anomalies, nerve entrapments,
neuromas, sympathetic trunk involvement, fibrosis,
scar tissue, joints, tendons, and muscle dysfunction,
allowing for treatments that are precisely tailored to
each patient’s unique presentation. The incorporation
of regenerative therapies may further enhance this ap-
proach by promoting healing and alleviating chronic
pain; however, additional research is required to es-
tablish their long-term outcomes. By embracing these
innovative pain management strategies, clinicians can
significantly improve patient outcomes, offering relief
from persistent post-surgical pain. This integrative ap-
proach not only addresses the intricacies of post-surgi-
cal pain but also fosters a thorough awareness of the
interrelated anatomical components involved in TOS.
Finally, a comprehensive and individualized therapy
plan is critical for enhancing the quality of life for indi-
viduals with refractory pain following TOS surgery.
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Table 5. Overview of various US-guided injection techniques used to address refractory TOS, detailing their specific purposes and
benefits in managing pain and facilitating recovery.

Ultrasound-Guided Injections in
Refractory TOS

Description

Indications

Muscle injection for persistent
spasm/inflammation

Injection of corticosteroids or anesthetics into specific
muscles (e.g., scalene or pectoralis) to alleviate ongoing
spasms and inflammation

Persistent muscle spasms or inflammation
affecting shoulder and arm function

Myofascial tension release

Techniques involve injecting local anesthetics or
corticosteroids into trigger points within myofascial
structures to relieve tension in the surrounding nerves.

Myofascial pain contributing to TOS
symptoms.

Hydrodisection of entrapment nerves

Involves the injection of saline or local anesthetic around
entrapped nerves (e.g., brachial plexus) to separate them
from surrounding tissues.

Nerve entrapment symptoms due to
compression or fibrosis.

Scar tissue adhesion release

Targeted injection techniques to break down scar tissue
around nerves and muscles using saline or steroid
injections to reduce adhesions and improve nerve
mobility.

Pain and dysfunction associated with
previous surgeries or trauma.

Fascia hydrodissection

Injection of fluid into the fascia to create a plane of
dissection, which helps to decrease tension and restore
movement in affected areas.

Restricted movement and pain due to
fascial tension or adhesions.

Regenerative therapies

Includes injecting PRP or stem cells into affected areas to
promote healing and tissue regeneration.

Chronic pain and tissue degeneration in
joints and ligaments around the thoracic
outlet.

Epidural injection

Injection of corticosteroids or anesthetics into the
epidural space to provide relief for thoracic or arm pain.

Persistent pain radiating into the upper
extremities.

Paravertebral block (PVB)

Injection targeting the paravertebral nerves to provide

analgesia for thoracic pain by blocking pain transmission.

Chronic thoracic pain related to TOS.

Erector spinae plane block (ESPB)

A technique that targets the erector spinae muscles and
associated nerves to provide analgesia for thoracic pain.

Thoracic pain and muscle spasms.

Pectoral nerve block (PCTB)

Injection that targets the pectoral nerves to alleviate pain
in the anterior chest and shoulder region.

Pain localized to the pectoral region and
anterior shoulder.

Stellate ganglion block (SGB)

Injection at the stellate ganglion to block sympathetic
nerve activity, reducing pain and improving blood flow
to the arm.

Complex regional pain syndrome or other
sympathetic-mediated pain conditions.
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