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INTRODUCTION

The study of neuropathies has undergone a profound evolution from its nascent stages to contemporary
advancements in neurobiology and clinical practice. The historical trajectory of neuropathies is marked by
significant milestones that have shaped our current understanding and management of these complex disorders.
Parsonage-Turner syndrome (PTS) is a rare neurological disorder, also known as ‘acute idiopathic brachial
neuritis’; the patients show acute shoulder pain and/or progressive muscle weakness and paresthesia. The
causative mechanism is not fully understood but viral and autoimmune processes have been suggested to play a
role. Diagnosis is made by a combination of clinical history, electromyography (EMG) results, and imaging
findings. EMG may show signs of acute denervation in the distribution of the brachial plexus, with the
suprascapular nerve being most frequently affected. Magnetic resonance imaging (MRI) is a sensitive tool in
demonstrating signal abnormalities in the shoulder musculature that reflect denervation, but in the early acute
phase, the signal intensity of the muscles may be normal on MRI. MRI is also useful to detect structural
abnormalities, such as spinoglenoid and suprascapular notch masses that may compress the nerve, and to rule
out more common causes of shoulder pain.

MRI has revolutionized the field of neuropathology, offering unparalleled resolution and contrast in imaging
soft tissues. The evolution of MRI technology, including the development of high-field magnets, advanced
imaging sequences, and functional imaging techniques, has allowed for unprecedented visualization of
neuropathic lesions. MRI's ability to delineate subtle structural changes in peripheral nerves has markedly
improved diagnostic capabilities and facilitated better disease management. MRI's applications in the realm of
peripheral neuropathies are vast and multifaceted. Its role extends from the initial diagnosis of neuropathic
conditions to monitoring disease progression and evaluating treatment efficacy. MRI enables clinicians to assess
the extent of nerve damage, identify underlying causes, and guide therapeutic strategies. The integration of MRI
with other diagnostic modalities, such as electrophysiological testing and biochemical assays, has further
enhanced the comprehensive evaluation of neuropathic disorders.

Advancements in MRI for the Evaluation of Peripheral Neuropathies

The evolution of MRI technology has been instrumental in enhancing the diagnostic process for peripheral
neuropathies. Conventional MRI, although a breakthrough at the time of its introduction, offered limited
visibility of peripheral nerves due to their small size and low contrast with surrounding tissues.

MRI is instrumental in offering detailed insights into the location and pathology of neuropathies affecting large
fibers. These imaging modalities can complement clinical and electrophysiological assessments. MRI has
advanced with techniques like neurography, which uses T2-weighted sequences with fat suppression to evaluate
nerve morphology, including nerve caliber, internal fascicular pattern, and perineurial-endoneurial fluid content.
Recent technological advancements such as parallel imaging, coil design, and new pulse sequences, along with
the availability of 3T MRI scanners, have led to the development of high-resolution peripheral nerve MRI. This

includes 3D MRI, which allows for oblique and curved planar reconstructions, beneficial for studying deep
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plexuses like the brachial and lumbosacral plexuses, which are less accessible with ultrasound (Gasparotti et al.,
2017). However, the development of magnetic resonance neurography (MRN) addressed these limitations by
employing T2-weighted sequences with fat suppression. This advancement allowed for detailed visualization of
nerve morphology, including caliber, fascicular patterns, and the surrounding perineurial-endoneurial fluid

(Lehmann et al., 2020).

CHAPTER1

Parsonage-Turner Syndrome

1.1 The Disease

PTS, also known as neuralgic amyotrophy or brachial plexus neuritis, is a rare neurological disorder affecting
peripheral nerves, characterized by the sudden onset of severe shoulder and upper arm pain, followed by
significant muscle weakness or atrophy. Although identified in the mid-20th century, this condition remains a
subject of ongoing research and debate regarding its pathogenesis, diagnostic strategies, and treatment protocols.
The estimated incidence of PTS is between 1 and 3 cases per 100,000 people annually. The condition tends to
affect men more frequently than women, with no specific age group preference. However, a bimodal distribution
pattern has been observed, with peaks in young adults and those around middle age. PTS affects individuals of
all races and ethnicities, indicating a worldwide distribution. While clear risk factors have not been identified,
certain events are known to trigger the onset of the syndrome (Meneses do Rego & Araujo-Filho 1., 2024).
Clinically, PTS presents with a sudden onset of acute pain in the shoulder area, which may radiate down the arm
and hand. The pain is often described as severe, sharp, or throbbing, intense enough to disrupt sleep, and may
last for days or even weeks before gradually resolving. After this initial phase, patients typically develop muscle
weakness, which can progress to atrophy, as well as sensory disturbances, primarily affecting the proximal
muscles of the arm.

Despite ongoing research, the exact mechanisms underlying PTS are not fully understood. It is hypothesized that
PTS may result from an immune-mediated inflammatory response that affects the brachial plexus, a network of
nerves responsible for controlling the shoulder and arm muscles. This autoimmune response may be triggered
by viral infections, surgical procedures, vaccinations, or strenuous physical activity. Additionally, recent studies
have explored the possibility of a genetic predisposition, with familial cases suggesting that certain inherited
traits may increase susceptibility to nerve inflammation.

Diagnosing PTS can be challenging due to the sudden onset and variability of symptoms, which may easily be
mistaken for other neurological conditions. Diagnosis is primarily clinical, based on the patient’s history and
physical examination findings. However, tests such as EMG and nerve conduction studies can provide essential
information about nerve involvement and help rule out other potential differential diagnoses. Recent advances

in imaging, particularly MRI and ultrasound, have significantly improved the ability to visualize inflammatory
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changes in the brachial plexus, allowing for a more precise diagnosis (Meneses do Rego & Araujo-Filho I,
2024).

The treatment of PTS is largely symptomatic, aimed at pain relief and promoting functional recovery. In the
acute phase, pain is managed with nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroids, or, in more
severe cases, opioid analgesics. Once the acute pain subsides, physical therapy becomes crucial to prevent muscle
atrophy and maintain joint mobility. In more severe cases with significant muscle deficits or complications,
surgical intervention may be considered.

The prognosis for PTS varies widely among patients. Many experience spontaneous significant recovery, with
improvement in muscle strength within the first two years of onset. However, a portion of patients may continue
to experience residual muscle weakness, sensory disturbances, or chronic pain. Early intervention and targeted
rehabilitation are crucial to improving long-term outcomes and enhancing quality of life (Meneses do Rego &

Araujo-Filho I., 2024).

1.2 Etiology and Pathophysiology

As we said, PTS is traditionally described as a condition characterized by the sudden onset of severe, constant
pain in the shoulder girdle, usually unilateral. This pain often radiates to the trapezius region, upper arm, forearm,
and hand. A distinctive feature of the pain is that it is not positional, tends to worsen at night, and frequently
causes sleep. Typically, no associated constitutional symptoms such as fever or fatigue are present.

PTS generally progresses through three distinct stages, each characterized by specific symptoms and clinical
manifestations.

The first stage, known as the acute pain phase, is marked by the sudden onset of severe, debilitating pain that
typically affects one shoulder. This pain is often described as extremely intense and can last from a few days to
several weeks. The duration of this stage can significantly impact the overall recovery time: the longer the pain
persists, the longer the recovery may take. During this period, the patient tends to limit the use of the affected
limb due to the intensity of the pain.

In the second stage, as the pain begins to subside, muscle weakness emerges, revealing the neurological damage
caused by the syndrome. This stage is characterized by weakness in the muscles of the shoulder and arm and
may also lead to muscle atrophy, a loss of muscle mass due to nerve inactivity. This phase can last from 6 to 18
months, though in some cases it may extend even longer, depending on the severity of the nerve damage and the
patient’s capacity for recovery.

In the third stage, the affected muscles start to regain strength and function, although the recovery process can
be slow and drawn out, lasting months or even years. Some patients may fully recover muscle strength, while
others may experience permanent deficits, such as reduced strength or mobility. The success of recovery largely
depends on the extent of nerve damage and the timeliness of rehabilitation treatment.

The pain in PTS is almost always self-limiting, with a duration typically ranging from one to two weeks, though

in rare cases, it can persist for longer periods. Muscle weakness, however, does not appear immediately but tends
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to develop gradually, from a few days to several weeks after the initial onset of pain. Sensory deficits are less
common but, when present, can vary in prevalence. Some studies report sensory deficits in 66% of patients,
while other research indicates they occur in only a minority of cases (Feinberg & Radecki, 2010).

In many patients, the loss of strength is not immediately noticeable due to the inhibition of movement caused by
debilitating pain. Additionally, muscle weakness may go unnoticed when it affects muscle groups that are
difficult to assess manually, such as the serratus anterior or supraspinatus. However, within a month, the
weakness typically becomes more apparent, and signs of muscle atrophy may appear. Scapular winging is a
characteristic sign in cases where the long thoracic nerve, which innervates the serratus anterior, is involved.
However, this sign may not be immediately recognized, especially if the physical examination is not conducted
thoroughly.

Although PTS is largely based on specific clinical findings, some classic symptoms, such as constant and
disabling pain lasting for 1-2 weeks, may not always be present in all cases, which can make the diagnosis more
challenging and delay the initiation of appropriate treatment. Therefore, PTS should always be considered in
patients presenting with acute, sudden-onset shoulder girdle pain, especially in the absence of other systemic
symptoms (Feinberg & Radecki, 2010).

The exact etiology of PTS remains elusive, though current research suggests that it is often triggered by immune-
mediated dysregulation. A common feature in many cases is the occurrence of a precipitating event, particularly
post-infectious triggers, where the immune system appears to become dysregulated following an infection.
Among the most frequently associated infections are upper respiratory tract infections, which are believed to set
off an immune response that damages the peripheral nerves. Specific pathogens linked to PTS include
Cytomegalovirus (CMV), Human Immunodeficiency Virus (HIV), Epstein-Barr Virus (EBV), Parvovirus B19,
Campylobacter, and Yersinia. Additionally, Hepatitis E Virus has also been identified as a potential trigger,
highlighting the syndrome's association with a broad range of viral and bacterial infections (Al Hinai et al.,
2024).

Beyond infectious causes, research indicates that genetic and mechanical factors may also play a role in the

development of PTS. A higher recurrence rate has been observed among athletes, suggesting that physical strain

and mechanical stress on the nerves could act as contributing factors. Genetic predisposition is another area of

growing interest, with familial cases of PTS reported, indicating that hereditary traits may influence

susceptibility to nerve inflammation and dysfunction (Al Hinai et al., 2024).

1.3 Epidemiology
The epidemiology of PTS highlights both its rarity and the variability in clinical presentations. Recent studies

estimate an incidence of approximately 0.34 per 1000 individuals, underscoring the uncommon nature of this
condition. While earlier literature suggested a higher prevalence in men, more recent investigations have shown
a slight predominance in women.

One significant aspect of PTS is its correlation with hand dominance. Most patients are right-handed, and 58%
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of cases involve the dominant upper limb. This finding suggests that repetitive use or increased strain on the
dominant limb may contribute to the vulnerability for developing the syndrome (Milner et al., 2016).
Additionally, a triggering event was identified in around 42% of cases, with a substantial portion of these related
to surgical procedures. This supports the hypothesis that traumatic events or surgeries may play a role in the
onset of PTS. However, a significant percentage of patients (29%) present without the typical neuropathic pain,
reflecting the diversity and atypical nature of clinical presentations associated with the syndrome.

In terms of nerve involvement, PTS frequently manifests with involvement of the anterior interosseous nerve
(AIN) or posterior interosseous nerve (PIN), highlighting a trend that does not always emerge clearly in
traditional literature on PTS.

Finally, the rate of complete recovery is relatively low: only 44% of patients fully recover, with an average
recovery time of approximately 10 months. These findings indicate that, compared to earlier studies that
reported more favorable outcomes, the prospects for complete recovery are more complex. This emphasizes the
need for greater attention to developing effective early diagnosis and treatments and long-term management

strategies for PTS patients (Milner et al., 2016).

1.4 Risk Factors

PTS manifests in two primary forms: idiopathic and hereditary, each with distinct causes and mechanisms.
The idiopathic form, which is more common, has an unclear etiology, though several risk factors have been
identified as potential triggers. Various infections (between 25% and 55%), including viral, bacterial, and
parasitic, such as HIV, mumps, parvovirus B19, and SARS-CoV-2, are often linked to the syndrome's
development. In addition to infections, surgical procedures and certain invasive medical interventions seem to
act as potential triggers, likely due to the inflammatory or autoimmune response activated following such
events. Vaccinations, though rarely, have also been associated with PTS, as seen in a few rare cases involving
COVID-19 vaccines. Despite these cases, the medical community continues to emphasize that the benefits of
vaccinations far outweigh the risks of complications, including PTS. Other possible triggers include physical
trauma, especially in the shoulder and arm areas, as well as physiological conditions such as childbirth, which
can cause significant bodily stress and contribute to the syndrome's onset. Vigorous exercise is another risk
factor, likely due to mechanical stress or repeated microtrauma affecting the nerves. Lastly, pre-existing
conditions such as Ehlers- Danlos syndrome, systemic lupus erythematosus, and temporal arteritis, which
involve systemic inflammation or connective tissue dysfunction, seem to increase vulnerability to developing
PTS (Santhakumar, 2022).

The hereditary form of PTS, in contrast, is linked to genetic mutations. Approximately 85% of hereditary PTS
cases are associated with a variation in the SEPT9 gene, which is responsible for producing septins, proteins
that play a crucial role in various cellular processes, including cell division and maintaining the cytoskeleton
structure. The mutation in this gene impairs septin functionality, increasing the nerves' susceptibility to damage

and inflammation. In patients with hereditary PTS, episodes of muscle weakness and atrophy tend to recur over
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time, often with an earlier onset compared to the idiopathic form. Additionally, a familial predisposition to the
condition has been observed, with an increased risk for family members. As a result, genetic counselling

becomes an important option for families with a history of PTS (Santhakumar, 2022).

1.5 Diagnosis and Treatment

The diagnosis of PTS begins with a detailed clinical assessment of symptoms and a thorough physical
examination by an experienced physician. The classic presentation includes sudden, acute shoulder pain
followed by progressive muscle weakness, which directs the clinician toward a potential diagnosis of PTS.
However, since PTS can manifest in atypical ways, it is essential to use specific diagnostic tools to confirm the
diagnosis and identify the nerves involved (Feinberg & Radecki, 2010).

MRI allows for detailed visualization of nerves and related structures, revealing potential inflammation or
structural abnormalities in the brachial plexus, which is frequently affected in PTS. This type of imaging is
helpful in distinguishing PTS from other neurological conditions, such as brachial plexopathies due to
compression or nerve trauma. Ultrasound may also be used to evaluate peripheral nerves, particularly those
near the surface. While less detailed than MRI for deep structures, ultrasound is a quick and accessible tool
useful for monitoring PTS progression or examining specific nerves in real time.

The treatment of PTS primarily focuses on managing symptoms and supporting functional rehabilitation, as
there is no specific cure for the condition. Since PTS tends to resolve on its own over time, therapy aims to
alleviate acute pain and prevent long-term complications such as muscle weakness and atrophy.

To further reduce pain and limit movement of the affected limb, shoulder immobilization with the use of a brace
or stabilizer may be recommended. This approach helps prevent movements that could aggravate the pain.
When the pain subsides, usually after a few weeks, the focus shifts to restoring muscle function and preventing
atrophy. Physical therapy becomes crucial at this stage. A physical therapist specialized in neuromuscular
rehabilitation will develop a specific exercise program to improve the strength and flexibility of the affected
muscles. Stretching exercises help prevent joint stiffness, while strengthening exercises aim to recover muscle
strength lost due to inactivity and nerve damage.

PTS patients may also be treated with specific analgesic medications for neuropathic pain, known as co-
analgesics. These include gabapentin, pregabalin, carbamazepine, and amitriptyline, which are frequently used
to reduce nerve-related pain. These drugs modulate nerve signal activity and can help relieve burning or tingling
sensations that some patients experience during recovery.

In more severe cases of PTS, where nerve damage is significant and functional deficits persist despite
conservative therapies, it may consider surgery. Surgical options include advanced techniques such as nerve
grafting, in which a healthy nerve segment is taken from another part of the body to replace the damaged nerve.
Alternatively, tendon transfers may be indicated to restore muscle function in the affected areas. These

procedures are generally considered only when spontaneous recovery is limited, and symptoms are debilitating.
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1.6 Differential Diagnosis with Other Neuropathies

Differentiating PTS from other neuropathies is challenging due to its overlapping symptoms with various
conditions such as cervical radiculopathy (CR), brachial plexopathy, diabetic neuropathy, entrapment
neuropathies and other inflammatory neuropathies. While PTS presents with sudden, severe pain and localized
motor deficits, it typically lacks sensory involvement, in contrast to CR, which often causes radicular pain,
sensory loss in a dermatomal distribution, and weakness corresponding to the affected nerve root. Brachial
plexopathy, another major consideration, shares similarities in its clinical presentation but usually results from
trauma or malignancy and may involve additional nerve roots beyond those typically affected in PTS. MRI
plays a key role in differentiating these conditions, with PTS showing distinct multifocal T2-weighted
hyperintensities along the involved nerves, indicative of inflammation and edema, whereas CR and brachial
plexopathy typically do not show these features. Diabetic neuropathy, often presenting with distal sensory and
motor impairments, is less likely to mimic PTS because it affects the lower limbs and involves a more gradual
onset of symptoms. However, distinguishing between diabetic amyotrophy and PTS can be difficult,
particularly in patients with concurrent diabetes, as both can present with sudden severe pain and muscle
weakness (Kong et al., 2023, Patel et al., 2022). Additionally, entrapment neuropathies, such as carpal tunnel
syndrome, may mimic some motor features of PTS, but these typically have a chronic, insidious onset with
sensory involvement, contrasting with the rapid progression and motor predominance seen in PTS.
Electrophysiological studies further aid in differentiation, as PTS typically reveals axonal damage and
denervation with fibrillation potentials, whereas entrapment neuropathies and radiculopathies show conduction
block or root compression without significant axonal degeneration (Song et al., 2023). Recent case reports also
highlight the growing recognition of immune-mediated and viral triggers, such as those seen in COVID-19, as
potential etiologies for PTS, complicating the differential diagnosis with other viral or post-viral neuropathies

(Huang et al., 2023, Zhang et al., 2022).

1.7 Relevance of Differential Diagnosis of Peripheral Neuropathies

The recognition of specific clinical patterns is crucial in establishing a diagnostic pathway for patients
presenting with signs and symptoms of peripheral neuropathy. A complete diagnostic process requires a
thorough medical history and a detailed clinical examination. Our framework identifies five main clinical
patterns, each with distinct features that can guide the clinician towards an accurate and targeted diagnosis.
However, it is important to note that these subtypes should not be considered rigid or mutually exclusive, as
overlapping neuropathic patterns are common.

* Slowly progressive, symmetric distal, predominantly sensory neuropathy. This is the most common subtype,
often associated with metabolic conditions (such as diabetes), chronic alcohol use, or neurotoxic drugs (such as
chemotherapy). In these patients, a limited diagnostic process is usually sufficient unless atypical neuropathy
signs emerge. In the absence of identifiable causes, the diagnosis may lean towards chronic idiopathic axonal

neuropathy (CIAP), which generally has a benign course. CIAP is usually non-progressive and has a low impact
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on quality of life (Lehmann et al., 2020).

* Long-standing progressive neuropathy with muscle atrophy and foot abnormalities. This pattern, characterized
by predominant motor involvement, typically begins in childhood or early adulthood and may be associated
with hereditary neuropathies. The patient presents with muscle atrophy and foot deformities, such as claw toes.
Diagnosis should be guided by genetic testing, as these neuropathies can be linked to specific genetic mutations
(e.g., Charcot-Marie-Tooth).

 Subacute onset neuropathy and/or proximal involvement. Patients in this subtype exhibit clinical signs
suggesting an acquired immune-mediated condition, such as chronic inflammatory demyelinating
polyneuropathy (CIDP). In these cases, a more in-depth diagnostic process, including antibody tests (anti-
ganglioside, anti-MAG, etc.), is necessary. These patients often require immunosuppressive therapies, and the
response to treatment can be a significant diagnostic clue (Lehmann et al., 2020).

* Rapidly progressive neuropathy with multifocal symptoms, neuropathic pain, and autonomic dysfunction.
This clinical pattern may be associated with serious conditions such as vasculitis, amyloidosis, or paraneoplastic
syndromes. A comprehensive set of diagnostic tests, including serological tests for inflammatory and
autoimmune markers, is essential. The rapid progression of the clinical picture requires prompt intervention to
prevent irreversible damage. In this context, nerve biopsy may be crucial to confirm a diagnosis of vasculitis
neuropathy.

* Sensory ataxic neuropathy. This pattern is characterized by loss of proprioception and vibration sense, with
relatively spared muscle strength. Conditions such as Sjogren’s syndrome or paraneoplastic neuropathy should
be ruled out through specific tests. A thorough family history may point to a possible hereditary cause, such as
POLGI gene mutations involved in mitochondrial disorders. The absence of sensory nerve action potentials
(SNAP) with normal motor nerve action potentials is typical of this subtype (Lehmann et al., 2020).

A detailed medical history and the timeline of symptom onset are essential to framing the type of neuropathy.
Most peripheral neuropathies have a chronic, progressive course (pattern #1), but acute or subacute onset may
indicate inflammatory or immune-mediated neuropathies (patterns #3 to #5), such as Guillain-Barré syndrome
or CIDP. The presence of skeletal deformities and muscle atrophy, as seen in pattern #2, suggests hereditary
neuropathy. Signs of autonomic dysfunction, such as night sweats or tachycardia, may indicate neuropathy
associated with amyloidosis or diabetes.

A neurological evaluation helps to define the involvement of different nerve fibers (motor, sensory, autonomic)
and the distribution of symptoms. Most neuropathies are sensory or sensorimotor. A purely or predominantly
motor pattern is observed in clinical patterns #2 and #3. It is important to differentiate neuropathies from
conditions that may mimic their symptoms, such as distal myopathies or spinal muscular atrophy. The presence
of autonomic symptoms is a key feature in pattern #4 and may indicate diabetic neuropathy or amyloidosis.
Nerve conduction studies (NCS) and EMG are essential diagnostic tools to confirm the presence of peripheral
neuropathy and differentiate between axonal and demyelinating neuropathies. Axonal neuropathies are

typically recognized by the reduction of compound muscle action potentials (CMAP) and SNAP, whereas
12
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demyelinating neuropathies show slowed nerve conduction velocities and prolonged distal motor latencies
(Lehmann et al., 2020). Laboratory tests should be tailored according to the clinical pattern. In patterns #1 and
#2, basic tests such as blood glucose, HbAlc, vitamin B12, and serum protein levels are usually sufficient. In
pattern #3, more specific tests, such as anti-ganglioside antibodies, may be required. In pattern #4, serology for
vasculitis and immune-mediated neuropathies is essential. Genetic testing is also indicated in the presence of
suspected hereditary neuropathies, especially in patterns #2 and #5. Nerve biopsy is indicated in selected cases,
especially when inflammatory or vasculitic neuropathy is suspected (pattern #4). Ultrasound of the nerves can
be used to assess nerve thickening, characteristic of some immune-mediated or hereditary neuropathies such as

CMTI1A (Lehmann et al., 2020).

CHAPTER 2
Magnetic Resonance Imaging

2.1 Magnetic Resonance Imaging in Clinical and Research Contexts
Peripheral nerve pathology may occur secondary to a variety of etiologies, including mechanical entrapment,

compression by external factors, trauma, infectious and inflammatory causes, neoplasms, or as a complication
of surgery. Clinical evaluation often begins with a detailed history and focused physical examination and may
include electrodiagnostic studies or advanced imaging. With recent innovations in MRI techniques, high-
resolution MRI of peripheral nerves is possible and is often referred to as "MR neurography." MR imaging can
demonstrate both primary signs of nerve injury and secondary signs such as muscle denervation.

In this research, PTS has been extensively evaluated using both qualitative and quantitative measurements.
Qualitative techniques, such as the 3D Nerve Cube, assess nerve root pathology, distinguishing between
unilateral and bilateral involvement. Specific imaging sequences, such as STIR (Short Tau Inversion Recovery),
are used to identify edema, an indicator of inflammation, while T1-weighted imaging detects adipose infiltration
and nerve root atrophy. These imaging modalities are crucial as PTS is known to have an inflammatory basis.
In addition to qualitative methods, quantitative measurements also utilize the 3D Nerve Cube technique,
alongside T2-weighted images (axial and coronal), to measure the cross-sectional area (CSA) of each nerve
root in affected individuals. One significant advantage of MR1 is its ability to detect signs of muscle denervation
and nerve injury much earlier than EMG. MRI can reveal muscle edema within days of an injury, while EMG
may not show significant changes until several weeks later. This early detection is vital in PTS, as it enables
prompt intervention, which may lead to improved patient outcomes. Additionally, MRI’s capacity to distinguish
between acute and chronic injuries further aids in tailoring appropriate therapeutic strategies (Gilcrease-Garcia
et al., 2020).

The Use of MRI

Peripheral nervous system (PNS) is essential for transmitting commands from the central nervous system (CNS)

to the rest of the body, including sensory organs and muscles. Peripheral nerves are organized into bundles,
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protected by layers of connective tissue, such as the epineurium, perineurium, and endoneurium, which provide
structure and insulation. Nerve fibers can be either myelinated, with a myelin sheath that speeds up the
transmission of electrical signals, or unmyelinated, which conduct signals more slowly. One of the main
strengths of MRI is its ability to precisely visualize morphological changes in peripheral nerves, thanks to its
high contrast and image resolution. This is especially useful for identifying lesions such as demyelination,
axonal degeneration, or inflammation, which often cannot be detected with other diagnostic tools. Moreover,
MRI allows the examination of nerves located deep within tissues, such as proximal nerves (near the trunk),
which are difficult to access with methods like NCS or ultrasound (Chen et al., 2019).

Familiarity with the MRI features of PTS is critical for radiologists because they may be the first to suggest the
diagnosis. In a study that involved 26 patients with PTS published in 2012 by Scalf et al., it found the largest
reported series describing the imaging features of PTS to date via MRI findings. The study patients included
20 males (77%) and six females (23%). The median age at diagnosis was 45 years (range, 8-77 years). Clinical
symptoms were on the right side for 12 patients (46%), on the left side for 12 patients (46%), and bilateral for
two patients (8%). Clinical symptoms were isolated pain, weakness, or numbness (or a combination of the
three). The most common clinical presentation was pain and weakness (11 patients [42%]). Males are
predominantly affected, with male-to-female ratios ranging from 2:1 to 11.5:1. Treatment was palliative and
includes analgesics for pain and physical therapy for weakness.

MRI had been an important imaging tool for establishing the diagnosis of PTS, also to exclude more common
causes of shoulder pain such as rotator cuff tear, impingement syndrome, or labral tear, MRI is sensitive for the
detection of signal abnormalities in the shoulder girdle musculature that are related to denervation. It also pro-
vides an advantage for excluding structural abnormalities that may cause similar denervation changes in rotator
cuff musculature such as a rotator cuff tear or spinoglenoid and suprascapular notch masses. In addition, MRI
findings indicative of muscle atrophy, including evidence of fatty infiltration and decrease in muscle bulk, were
identified more frequently when compared with previous studies. The latter findings are likely related to the
relative delay between the onset of symptoms and the MRI examination.

Advantages of MRI

The key benefits of MRI encompass its safety - due to the absence of ionizing radiation - its exceptional ability
to differentiate soft tissues, its capability for multi-planar imaging, and the high-quality images produced that
remain unaffected by surrounding bone or air. These features render MRI an indispensable tool for diagnosing
a wide array of medical conditions while providing a non-invasive alternative to other imaging techniques
(Vaskovic, 2023). Otherwise, MRI plays a fundamental role in disease management, providing detailed
information on function, and functioning of electrically active medical devices, leading to failures in delivering

necessary therapies.
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CHAPTER 3
Other Methods
3.1 Ultrasound

Peripheral nerve injuries (PNIs) present with diverse etiologies and clinical manifestations, ranging from
compression and ischemia to trauma and inflammation. Accurate diagnosis and tailored treatment - ranging
from conservative management to surgical intervention - require precise localization and characterization of
the injury. While PNIs are more frequently observed in the upper limbs, particularly affecting the median,
radial, and ulnar nerves, subtle presentations can complicate clinical assessment (Dong et al., 2023).
Ultrasound (US) has emerged as a powerful, non-invasive imaging modality in the evaluation of PNIs.
Compared to MRI, ultrasound offers real-time, high-resolution visualization of superficial nerves, is more cost-
effective, and avoids the need for contrast agents or sedation - making it especially advantageous in pediatric
and perioperative settings. High-frequency probes allow for detailed imaging of nerve fascicles, epineurium,
and perineural structures. Moreover, color and power Doppler imaging enable assessment of microvascular
perfusion, which varies with the stage and severity of nerve injury.

In the context of PTS, ultrasound plays a complementary role to MRI and EMG. While MRI remains superior
for evaluating deep structures and muscle denervation, ultrasound excels in identifying focal nerve swelling,
neuromas, and perineural fibrosis. It can also guide interventions and monitor nerve recovery over time. In PTS,
ultrasound may detect enlargement or hypoechoic changes in affected nerve roots or branches, particularly in
the supraclavicular region, and can be used to assess associated muscle atrophy or fat infiltration. Quantitative
ultrasound, including CSA measurements and elastography, is increasingly used to assess nerve stiffness and
structural integrity. These techniques, when combined with clinical and electrophysiological data, enhance

diagnostic confidence and may help differentiate PTS from other causes of brachial plexopathy.

3.2 Electromyography
A key step in the diagnostic process is EMG, which measures the electrical activity in muscles and nerves to

detect signs of denervation and axonal damage, typical of PTS. This test allows the identification of
abnormalities in affected muscles, even when clinical signs are not yet evident. It is important that EMG is
performed meticulously, testing not only the suspected muscles but also those that might appear normal, as PTS
can affect muscles asymmetrically or without clear symptoms in all involved areas (Feinberg & Radecki, 2010).
In addition to EMG, nerve conduction studies are often conducted to evaluate the function of peripheral nerves.
However, since PTS primarily affects the proximal muscles of the upper limb, the results of these tests may
appear normal, making it difficult to identify abnormalities in routine sensory and motor nerves. In such cases,
examining specific sensory nerves, such as the lateral cutaneous nerve of the forearm (LAC), often involved in
PTS, is useful. A significant decrease in the sensory amplitude of the LAC, especially when compared to the
unaffected side, can provide a critical diagnostic clue. Beyond electrodiagnostic testing, advanced imaging

plays a significant role in confirming PTS.
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CHAPTER 4

Research Questions

4.1 Research Overview and Rationale
The proposed study adopts a descriptive analysis approach, leveraging an existing comprehensive database of

patients diagnosed with neuropathies, with a final selection of those with PTS. The primary objective is to
explore potential correlations among clinical variables (such as pain and muscle weakness),
neurophysiological findings, and imaging findings. By integrating clinical presentation with EMG results and
qualitative MRI data, the study aims to evaluate the role of MRI in both confirming and completing the
diagnosis of PTS.
Particular attention will be given to detecting MRI abnormalities in muscles typically affected by PTS, such
as the supraspinatus and infraspinatus. The study hypothesizes that MRI may reveal signs of disease -including
muscle edema, fat infiltration, and atrophy - prior to the emergence of overt clinical symptoms, suggesting a
role for MRI as a sensitive early biomarker in the disease course.
Furthermore, the study will compare MRI quantitative parameters such as CSA and signal intensity between
PTS patients and healthy controls. It is hypothesized that PTS patients, especially during the acute phase, will
show increased CSA and T2-weighted signal intensity in affected nerve roots and muscle groups, reflecting
underlying inflammatory processes. Ultimately, the integration of clinical, neurophysiological, and imaging
data, particularly MRI, is expected to improve the diagnostic accuracy of PTS.
4.2 Specific Objectives for Parsonage-Turner Syndrome
The main goal of this research is to describe the clinical and neurophysiological correlations of PTS, with a
particular focus on utilizing advanced imaging techniques to identify patterns of inflammation, nerve
degeneration, and muscle changes. This comprehensive exploration will leverage two key types of
measurements - qualitative and quantitative - through MRI sequences specifically tailored to examine the
brachial plexus.
The qualitative analysis of the research aims to determine the pathological status of the nerve roots using STIR
sequences, T1-weighted images, and the 3D cube nerve protocol. By systematically analyzing these qualitative
aspects, the research aims to construct a detailed picture of the pathological changes occurring in the nerve
roots, providing a basis for further investigations.
The quantitative analysis focuses on the nerve roots using the 3D Cube Nerve protocol, enabling a comparison
of anatomical and pathological differences between PTS patients and healthy controls, as well as variability
within the PTS patient population.
By combining these qualitative and quantitative measurements, the study aims to achieve following objectives:
e to identify specific patterns of nerve involvement, distinguishing between unilateral and bilateral
pathology to understand how PTS manifests differently among patients;

e to correlate imaging findings with clinical outcomes, establishing relationships between
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neurophysiology, imaging results, and clinical symptoms such as pain, muscle weakness, and
functional impairment;

e to compare PTS patients with healthy controls using quantitative metrics of CSA and T2 values to
examine differences between the two groups, elucidating physiological changes specific to PTS and
revealing potential diagnostic markers.

In conclusion, this research aims to demonstrate that the combined use of advanced imaging techniques, such
as the 3D Cube Nerve, can significantly enhance the understanding of the anatomical and functional changes
associated with PTS, complementing and enhancing initial outcomes from clinic and EMG assessments. These
qualitative and quantitative measurements are expected to offer valuable insights into the pathology of the
condition and represent a crucial step toward more accurate, early diagnosis and monitoring.

4.3 Expected Clinical Applications

The expected clinical applications of this research are poised to bring substantial advancements in the
diagnosis, monitoring, and treatment of PTS. By leveraging advanced MRI techniques such as the 3D Cube
Nerve, it will be able to obtain a more detailed and accurate understanding of the structural and inflammatory
changes in the affected nerve roots. This could refine current diagnostic practices, allowing for earlier and
more precise detection compared to traditional methods like EMG and clinical assessments.

The integration of both qualitative and quantitative imaging measurements - such as CSA and T2 values - into
the diagnostic process offers a comprehensive framework that complements clinical and neurophysiological
evaluations. This approach not only enhances diagnostic accuracy but also enables more effective monitoring
of disease progression and assessment of treatment response, using objective imaging markers rather than
relying only on symptomatic reports.

Ultimately, this research holds promise not only for improving diagnosis and monitoring but also for shaping
the future of PTS treatment and enhancing patient care through more individualized and data-driven

approaches.

CHAPTER 5

Materials and Methods

5.1 Study Design: Description of the PTS Database and Healthy Controls with Measurements

A subgroup of neuroinflammatory pathologies was selected from a comprehensive database for in-depth
analysis, focusing specifically on 54 observations related to PTS. After quality checks, one case was excluded
due to inconsistencies between MRI and clinical data, and two follow-up records were merged with their
corresponding initial entries. The final dataset includes 51 unique, retrospectively collected observations of
PTS patients recorded between 2019 and 2024 at Papa Giovanni XXIII Hospital in Bergamo, Italy.

To support the analysis, a detailed Case Report Form (CRF) was developed to gather essential baseline

characteristics, including demographic data (gender, age, race), clinical onset, and diagnostic information from
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EMG and MRI records, such as test dates. This structured documentation enables accurate correlation between
clinical findings and imaging results, contributing to a clearer understanding of the patient cohort.

The control group consists of 25 retrospectively collected observations from the same hospital and time frame.
These individuals underwent MRI scans for unrelated conditions but were confirmed to have no neurological
or muscular disorders. Their inclusion provides a reliable baseline for comparison with the PTS group,
particularly in evaluating differences in quantitative MRI parameters. Careful selection and health status
verification of these controls enhance the validity and reliability of the study’s findings.

The primary analysis involves both qualitative and quantitative measurements to identify pathological
characteristics of affected nerve roots and determine differences between PTS patients and healthy controls.
In the first phase, the 3D Cube Nerve tool is used to identify pathological nerve roots and evaluate whether the
pathology is unilateral or bilateral. Detailed anatomical alterations of nerve roots associated with PTS are
anticipated, specifically:

¢ identification of pathological nerve roots: utilizing the advanced 3D Cube Nerve protocol, this analysis
systematically identifies pathological nerve roots in PTS patients, determining whether the pathology is
unilateral or bilateral;

e cvaluation of edema: T2-weighted STIR imaging in axial and coronal planes highlights edema within
nerve roots and surrounding tissues, confirming PTS as an inflammatory condition;

e assessment of fat infiltration and atrophy: T1-weighted fast spin-echo (FSE) images in axial and coronal
planes assess fat infiltration and muscular atrophy. PTS patients are expected to show muscle and tissue
atrophy, indicating chronic nerve damage from prolonged denervation.

The qualitative phase provides a basis for understanding anatomical and pathological alterations in PTS
patients, emphasizing inflammation's importance.

The second phase involves quantitative evaluation using the 3D Cube Nerve to measure specific nerve root
parameters. Significant differences between PTS patients and healthy controls are expected:

e size of nerve roots: increased CSA in PTS patients' nerve roots compared to controls may indicate nerve
inflammation, supporting structural changes in nerve roots associated with PTS;

e T2 Parameters: T2 measurements, the area of the region of interest (AR) and the median value (MED),
are expected to show significant variations between PTS patients and healthy controls, suggesting
differences in nerve tissue composition and hydration affecting pain function and sensation.

An exploratory quantitative analysis compares pathological and non-pathological nerve roots in PTS patients,
aiming to elucidate differences and signals of inflammatory involvement even in normal-appearing nerve roots.
Recent literature highlights the importance of understanding these distinctions for insights into PTS
inflammatory processes (Smith et al., 2023; Johnson & Lee, 2022). Significant differences in CSA and T2
relaxation times between pathological and non-pathological nerve roots are anticipated, with increased CSA

indicating edema and inflammation in affected roots, while non-pathological roots show normative values.
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Elevated T2 values suggest ongoing edema in affected roots.

A well-defined control group of 25 healthy observations is pivotal for research integrity, providing a benchmark
for assessing unique MRI findings associated with PTS and laying the groundwork for effective diagnostic and
therapeutic approaches. In addition, exploring further analysis of a third cohort of individuals with
inflammatory neuropathies alongside PTS patients and healthy controls could offer valuable insights into
quantitative MRI differences, enhancing understanding of pathophysiological mechanisms and improving
diagnostic accuracy. This systematic approach also lays the groundwork for future longitudinal and comparative
studies within the broader context of neuroinflammatory disorders, potentially leading to standardized

diagnostic criteria and ultimately supporting improved clinical decision-making and patient outcomes.

5.2 Data Collection: Clinic and Neurophysiological Assessments
The clinical records of patients were gathered from their medical records, which included details from prior

assessments and consultations. This process involved a thorough review of documentations related to each
patient's previous visits, capturing pertinent information that could provide insights into their condition. In
addition to the historical data, specific signs and symptoms reported by the patients on the day of their MRI
examination were also recorded. This real-time data collection is crucial, as it helps establish a clear picture of
the patient’s clinical presentation at the time of imaging.

Furthermore, EMG studies were carried out in close coordination with the onset of symptoms and the MRI
procedures. Specifically, EMG and MRI were performed respecting the period of ~3 months from each other
and ~6 months starting from the onset of patient’s symptoms/signs and the execution of the exams. This quite
simultaneous approach allowed for a more comprehensive assessment of the patients' neurological and
muscular conditions, ensuring that the results of both diagnostic methods could be analyzed in conjunction to
provide a more thorough understanding of the underlying pathologies.

An integrated diagnostic approach is essential when evaluating the timing of symptom onset in PTS. The
scheduling of EMG and MRI plays a critical role, as early assessments may be less reliable due to the evolving
nature of the syndrome. Since both EMG and MRI findings can change over time, aligning these studies with
the clinical timeline is key to improving diagnostic accuracy. By correlating EMG and MRI results, the study
aims to deepen the understanding of PTS pathophysiology. The inclusion of detailed clinical records, prompt
symptom reporting, and synchronized EMG testing strengthens the dataset and enhances the reliability of the
analysis.

5.3 Methods

MRI Machine for MRI Image Acquisition

Image quality plays a pivotal role in achieving the most accurate diagnoses for patients, particularly in complex
cases involving neurological conditions. The MRIs performed in this study utilized advanced imaging
technologies that significantly enhance diagnostic capabilities. Specifically, the MRIs conducted from 2019 to
2022 were carried out on a 3 Tesla GE MRI machine. This high-field strength MRI system provides enhanced
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signal- to-noise ratios, allowing for greater detail and clarity in the images produced. Then, there was a transition
to using the 1.5 Tesla GE MRI machine later in the study period.

The superior image quality obtained from these GE MRI machines is crucial not only for diagnosing PTS but
also for monitoring disease progression and evaluating treatment efficacy. High-resolution images allow
clinicians to visualize subtle changes in nerve structures and surrounding tissues, which can be indicative of
inflammatory processes or nerve degeneration.

In summary, the combination of advanced MRI technology and high-quality imaging significantly enhances
the diagnostic process. By employing both the 3 Tesla and 1.5 Tesla GE MRI machines, this research capitalizes
on the strengths of each system, ensuring comprehensive and detailed imaging that is essential for accurately
diagnosing and managing neuromuscular diseases such as PTS.

Protocol for MRI Image Acquisition

Each individual both control group and the PTS group underwent MRI of the brachial plexus or shoulder,
depending on the clinical suspicion of the cause of the pathologic process.

In 2022, the hospital implemented a standardized protocol for MRI image acquisition specifically tailored for
the brachial plexus. This protocol was designed to enhance the consistency and quality of imaging, ensuring
that all relevant anatomical structures are captured in detail. By establishing a uniform approach, it aimed to
minimize variability in the imaging process and improve the reliability of our diagnostic outcomes.

The protocol outlines specific guidelines regarding patient positioning, the selection of MRI sequences, and the
parameters for image acquisition. It also emphasizes the importance of using advanced techniques to optimize
visualization of nerve structures, including high-resolution imaging and appropriate contrast settings. This
comprehensive guideline will provide valuable insights into the methodology employed, ensuring that all team
members are aligned in their approach to imaging the brachial plexus.

Nerve Root Alterations Evaluation

To evaluate nerve root alterations associated with PTS using MRI, specific sequences are particularly effective:

e STIR Sequence, excellent for detecting edema in the nerve roots. It highlights areas of inflammation
and helps identify acute changes, which are critical in diagnosing PTS;

e Tl-weighted Images, useful for assessing chronic changes, such as fat infiltration and muscle atrophy.
T1-weighted images can reveal atrophy in muscles innervated by affected nerve roots, indicating long-
term denervation;

e 3D Cube Nerve Protocol, advanced imaging technique provides high-resolution images of the brachial
plexus and can accurately depict the specific nerve roots involved in PTS. It helps visualize both acute
and chronic changes in the nerve roots;

e T2-weighted Image can also be beneficial for identifying edema and other changes in the nerve roots
and surrounding tissues. T2-weighted images provide additional context regarding the extent of

inflammation.
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Generally, the edema reflects active inflammation, a hallmark of PTS. Radiologists evaluates the extent and
distribution of edema to determine the severity of the inflammatory process. All limb-girdle muscles were
thoroughly examined for signs of edema, fat infiltration, and atrophy. Specifically, shoulder girdle muscles
(Pectoralis Major, Pectoralis Minor, Subclavius, Serratus Anterior, Deltoid), shoulder girdle posterior muscles
(Trapezius, Latissum Dorsi, Levator Scapula, Rhomboid Major, Rhomboid Minor, Teres Major, Teres Minor),
rotation cuff muscles (Supraspinatus, Infraspinatus, Subscapularis), arm posterior muscles (Triceps, Anconeus),
arm anterior muscles (Brachialis, Coracobrachialis), neck lateral muscles (Scalene Muscle Anterior, Medial
and Posterior) were evaluated bilaterally for the presence of edema following the edema score signal,
categorized on a scale from 0 to 3 as follows: grade 0, no edema detected, normal appearance of the tissue;
grade 1, mild edema, slight signal intensity changes noted, but not significantly impacting overall tissue
structure; grade 2, moderate edema, clear signal intensity changes with some evidence of swelling or structural
alteration in the tissue; grade 3 severe edema, significant signal intensity changes with marked swelling, likely
associated with extensive tissue involvement or injury (Mercuri, E., Talim, B., Moghadaszadeh, B., et al. 2002).
The evidence of muscle fat infiltration and atrophy, especially in muscles innervated by affected nerve roots,
such as the supraspinatus and infraspinatus, indicates chronic denervation and helps assess the long-term impact
of nerve damage. All limb-girdle muscles were specifically assessed for fat infiltration using the adapted
Mercuri score, which quantifies the extent of fat replacement in the muscle tissue: grade 0, normal appearance;
grade 1, “moth-eaten” appearance, with numerous discrete areas of increased intensity with beginning
confluence; grade 24, late moth-eaten appearance with numerous discrete areas of increased intensity with
beginning confluence, comprising less than 30% of the volume of the individual muscle; grade 2B, late moth-
eaten appearance with numerous discrete areas of increased intensity with beginning confluence comprising
30%-60% of the volume of the individual muscle; grade 3, washed out appearance with muscle replaced but
still present at the periphery; grade 4, end-stage appearance by increased intensity of connective tissue and fat,
with only a rim of fascia and neurovascular structures distinguishable (Mercuri, E., Talim, B., Moghadaszadeh,
B., etal. 2002). Atrophy was assessed in the limb-girdle muscles and recorded as either present or absent based
on the imaging findings for the same muscle groups. This evaluation is crucial for understanding the extent of
muscle degeneration associated with PTS. By systematically documenting the presence or absence of atrophy,
we can gain valuable insights into the progression of the disease and its impact on muscle integrity. This
information not only aids in clinical diagnosis but also enhances our ability to monitor changes over time,
informing patient management.

Descriptive statistics for categorical variables were presented as frequencies and percentages, providing a clear
overview of the distribution of these variables within the study population. For quantitative variables, we
calculated the mean and standard deviation, which allowed for an understanding of central tendency and
variability. Given the small sample size, comparisons related to pain and functional impairment were conducted
using Fisher’s exact test. This statistical method is particularly suitable for small sample sizes as it evaluates

the significance of the association between two categorical variables without assuming a normal distribution.
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We established a significance threshold at 5% (p < 0.05), meaning that any p-value below this threshold would
indicate a statistically significant difference, warranting further examination of the underlying relationships.
5.4 Acquisition for Qualitative Measurements and Analysis

The study cohort comprises a well-defined population, enabling precise demographic and clinical profiling.
Males constitute the majority (80.4%), with females representing 19.6%. The mean age is 51.9 years (SD
+15.9), indicating a heterogeneous age distribution. Ethnically, the sample is predominantly Caucasian (96.1%),
with a minority of Middle Eastern origin (3.9%).

Laterality analysis reveals a near-equitable distribution: 41.2% of cases involve the right side, 39.2% the left,
and 19.6% present bilateral involvement. Clinically, nociceptive symptoms are the most prevalent, reported in
70.6% of patients, followed by functional deficits in 52.9%, underscoring the syndrome’s impact on quality of
life and motor performance.

Electrophysiological assessment via EMG demonstrates a high incidence of neurogenic impairment (80.4%),
with additional findings including denervation activity (19.6%), and isolated cases of bilateral PESS, paralysis,
electrical silence, and motor unit remodeling. These findings reflect varying degrees of axonal damage and
reinnervation processes. MRI analysis corroborates the inflammatory etiology of PTS, with 92.0% of patients
exhibiting imaging features consistent with neuroinflammation. Non-specific and trauma-related findings were
each observed in 4.0% of cases.

This multidimensional dataset - integrating demographic, clinical, neurophysiological, and radiological
parameters - provides a comprehensive characterization of PTS within the studied cohort. Table 1 synthesizes
these findings, highlighting the predominance of male patients, the centrality of pain as a presenting symptom,

and the outcomes at EMG and MRI findings.

Table 1 — Patients’ Characteristics

No. of patients 51

Gender, n (%)

Female 10 (19.6)
Male 41 (80.4)
Age, mean (SD) 51.9+159

Race, n (%)

Caucasian 49 (96.1)

Middle Eastern 2(3.9)
Side, n (%)

Right 21 (41.2)

Left 20(39.2)

Both 10 (19.6)

Clinical Onset, n (%)

Pain 36 (70.6)

Functional Impairment 27 (52.9)
EMG, n (%)

EMG Neurogenic Impairment 41 (80.4)
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EMG Denervation Activity 10 (19.6)
EMG Bilateral Pess 1(2.0)
EMG Paralysis 1(2.0)

EMG Absence of electrical activity 1 (2.0)

EMG Motor Unit remodeling 3(5.9)

MRI Onset, n (%)

Not specific 2 (4.0)
Inflammatory 46 (92.0)
Trauma 2 (4.0)

Note: Baseline characteristics - Descriptive statistics for categorical variables are presented as frequencies and percentages, whereas
for quantitative variables, both the mean and standard deviation were calculated. This approach ensures a comprehensive overview of

the data, allowing for a clear understanding of the distribution and central tendencies within the studied population.

Qualitative MRI assessments in PTS focused on detecting and characterizing pathological alterations of the
brachial plexus, particularly involving the C5-C8 nerve roots and, when applicable, the upper, middle, and
lower primary trunks. Radiologists evaluated signs of nerve root swelling or signal abnormalities, which are
critical for confirming PTS diagnosis.

High-resolution bilateral imaging of the entire brachial plexus and limb-girdle musculature was performed
using a dedicated 40-minute MRI protocol. This protocol employed a large field of view in both coronal and
axial planes to capture both shoulders simultaneously, enabling direct comparison and detection of
asymmetries, including potential bilateral involvement. Axial images were acquired in a neutral orientation,
extending from the skull base to the cervicothoracic junction, allowing detailed visualization of nerve roots and
adjacent structures. Coronal images spanned from the posterior paraspinal region to the pectoralis muscles,
facilitating evaluation of limb-girdle muscles for signs of atrophy or fat infiltration - markers of chronic
denervation.

This imaging strategy enhances diagnostic accuracy by correlating structural abnormalities with clinical
symptoms. The use of multi-planar reconstruction (MPR) further improves visualization, enabling detailed
assessment in axial, coronal, and sagittal planes. Each plane offers unique diagnostic value: axial views provide
cross-sectional detail of nerve roots; coronal views reveal the course of the plexus and muscle involvement;
sagittal views clarify spatial relationships between nerve roots, vessels, and soft tissues. Advanced post-
processing software allows for high-resolution reconstructions, adjustable in angle and slice thickness, to

highlight specific anatomical or pathological features.

5.5 Acquisition for Quantitative Measurements and Analysis

The second analysis focused on quantifying pathological changes in the brachial plexus among 51 patients with
PTS. For each nerve root from C5 to C8, CSA in mm?, T2 signal intensity, with AR in mm? and MED, were
measured bilaterally. These parameters were then compared to a control group of 25 age- and gender-matched
healthy individuals, using the same imaging metrics. An intra-cohort exploratory analysis was subsequently
performed within the PTS group, comparing MRI-derived metrics between roots classified as pathological and

those unaffected. This allowed for a more granular assessment of disease-specific alterations, even within the
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same individual.

Table 2 summarizes the baseline characteristics of the study population (N=76), comprising 51 PTS patients
and 25 healthy controls. The mean age across the cohort was 50.0 years (SD £16.6), ranging from 14 to 83
years. The median age was 52 years [[QR: 39-62]. Healthy controls had a slightly lower mean age of 46.5 years
(SD £18.1), while the PTS group averaged 51.9 years (SD +15.9). Gender distribution revealed a predominance
of male participants (76.3%), with 80.4% of the PTS group being male, compared to 72.0% in the control group.

Female representation was 23.7% overall, with 19.6% in the PTS group and 28.0% among controls.

Table 2 — Demographic Characteristics
Total Healthy Control Subjects Patients with Disease (PTS)

No. of Subjects 76 25 51
50.0+16.6 46.5+18.1 51.9+159
Age at MRI imaging* (years) (14-83) (18-83) (14-78)
[52,39-62] [46, 32-56] [53,46-63]
Gender, n (%)
Female 18 (23.7) 7 (28.0) 10 (19.6)
Male 58(76.3) 18 (72.0) 41 (80.4)

Note - * Results are reported as means + standard deviation, with the range in round brackets. Results in squared brackets are

median and interquartile range.

Quantitative measurements were performed using the 3D Cube Nerves MRI sequence, which is particularly
effective for three-dimensional and volumetric evaluations. Starting from the sagittal plane of the image, the
C5 root was identified, and subsequent roots were analyzed before transitioning to the axial plane to initiate
measurements. As the analysis progressed from the C5 root to the C8 root, the axial plane was adjusted to align

with the spinal column's orientation.
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Figure 1 — Sagittal image from MRI in 3D Cube Nerves, to count the nerve roots to analyze.

Figure 2 — Axial image from MRI in 3D Cube Nerves, to start the quantitative measurements of the nerve roots to analyze.

For the intensity measurements (AR and MED), a region of interest (ROI) was manually delineated, beginning
15 mm (£2 mm) from the exit of the foramen, to standardize the measurements. The diameter of each root
was measured as CSA, also at 15 mm (£2 mm), ensuring consistency across all assessments. This meticulous

process was applied to all roots from C5 to C8, encompassing both sides of the brachial plexus, right and left.
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15 mm (£2 mm)

Figure 3 — Axial image from MRI in 3D Cube Nerves, with quantitative measurements of the nerve roots to analyze in CSA and T2-
weighted intensity signal (AR and MED). In this case, the observed measurements is C5 roots of a patient with PTS: right pathologic

root compared with the left not pathologic.

Figure 4 — Axial images from MRI in 3D Cube Nerves, with quantitative measurements of the nerve roots to analyze in CSA and

T2-weighted intensity signal (AR and MED). In this case, the observed measurements combined the CSA (mm) = 5.0 mm with the

AR and MED measurements.
Quantitative variables are presented as mean =+ standard deviation, alongside the range (minimum-maximum),
median, and interquartile range (IQR: 25th—75th percentile). Categorical variables are reported as frequencies
and percentages. To compare demographic characteristics between patients with PTS and healthy controls
(CTL), the Mann-Whitney U test or Fisher's exact test was employed, depending on whether the variables were
quantitative or categorical. The decision to utilize a non-parametric approach for quantitative variables was
based on the results of the Shapiro-Wilk test, which assessed normality in the data distribution. For the
comparisons regarding nerve root diameter (mm) and intensity (mm?) for ROI between patients with PTS and

healthy subjects, a hierarchical linear model was utilized to account for the repeated measures design (patient -
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side - root). This model was selected due to the nested structure of the data, which encompassed multiple levels
of grouping: groups (PTS vs. CTL), side (left vs. right), and nerve root (C5, C6, C7, and C8). Employing a
hierarchical model is crucial in such contexts, as it effectively addresses variability at each grouping level and
accurately models’ relationships between the groups to yield more precise estimates of effects. In this analysis,
the model was configured with the patient group, side, and nerve roots treated as fixed effects, while individual
patients were incorporated as a random effect. This choice was made to account for variability in nerve root
characteristics among individuals, which may not be directly explained by the differences among groups, sides,
or roots. The hierarchical model is particularly adept at managing correlations between measurements within
the same group - such as patients or nerve roots - and ensures that dependencies in the data are appropriately
considered. Consequently, this approach facilitates more reliable conclusions regarding the factors influencing
the results while accommodating the complex structure of the data. The final model included predictors for
group (PTS vs. healthy subjects), root (C5, C6, C7, C8), side (left vs. right), and two interaction terms (group-
root and group-side). These interaction terms were crucial for identifying any potential differences in
associations between the groups that might be influenced by the root or the side. Post-hoc analyses were
conducted utilizing both contrasts with Bonferroni correction and margins. The contrasts were specifically
aimed at directly comparing levels of categorical variables, particularly examining differences between patients
with PTS and healthy subjects, across the different nerve roots (C5, C6, C7, and C8), and between the left and
right sides, including the interaction terms. Margins were calculated to provide adjusted predicted means for
each group and condition (e.g., side or nerve root), offering a comprehensive overview of average effects. The
analysis of these margins is visually represented in accompanying graphs. Additionally, a subgroup analysis
was conducted using the same hierarchical linear model to differentiate between pathological and non-
pathological nerve roots in patients with PTS. In this instance, the variable “group” was replaced with a variable
indicating the condition of the nerve root (pathological vs. non-pathological). This approach has the advantage

of reducing the influence of selection bias and confounding factors within the sample.

5.6 Informed Consent to Research

All participants - both patients and healthy controls - provided written informed consent prior to undergoing
MRI examinations. This process ensured that individuals, or their legal representatives, were fully apprised of

the potential risks associated with exposure to electromagnetic fields and the administration of contrast agents.

Informed consent represents a core ethical requirement in clinical research, safeguarding participant autonomy
and reinforcing transparency in the researcher-participant relationship. It ensures that individuals are adequately
informed about the study’s objectives, procedures, and associated risks, thereby enabling voluntary and

informed participation.
The consent documentation included the following key elements:

e Procedural information: A detailed explanation of the MRI protocol, including duration, equipment

specifications, and preparatory instructions.
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e Riskdisclosure: Clear communication of potential risks related to electromagnetic exposure and contrast

media, allowing participants to make risk-benefit assessments.

e Data protection and usage: Authorization for the use of anonymized data for scientific and educational
purposes, with assurances of compliance with Italian privacy legislation (DL 196/2003) and the EU
General Data Protection Regulation (GDPR 2016/679/EU).

Beyond regulatory compliance, the informed consent process reinforces the ethical integrity of the study. It
promotes participant trust, facilitates broader engagement in research, and supports the reproducibility and
credibility of scientific findings. Moreover, strict adherence to data protection standards ensures confidentiality
and mitigates concerns related to data security - an increasingly critical consideration in contemporary

biomedical research.

CHAPTER 6

Results

6.1 Description of PTS Group Population
The descriptive analysis of the PTS cohort starts with key demographic and clinical insights, particularly

regarding age distribution, symptomatology, and laterality of nerve involvement (Tables 1-3). The mean age of
patients was 51.9 years (SD +15.9), consistent with literature indicating that PTS predominantly affects
individuals in midlife, typically between 30 and 70 years of age, with a peak incidence around 50 years (van
Alfen & van Engelen, 2006). This age range corresponds to increased susceptibility to immune-mediated
mechanisms, post-infectious syndromes, and trauma-related neuropathies - recognized triggers of PTS.
Specifically, the study identified two cases where the clinical onset of symptoms was associated with a traumatic
event. This observation underscores a critical aspect of PTS: its potential to manifest following trauma. PTS is
often characterized by sudden, severe shoulder pain and subsequent muscle weakness, which can easily be
mistaken for a straightforward muscle injury or strain. This misdiagnosis is particularly concerning, as the
symptoms of PTS may initially present similarly to those of common musculoskeletal injuries, leading to delays
in proper diagnosis and treatment. The relationship between trauma and the onset of PTS is well documented
in the literature, highlighting that individuals may experience an inflammatory response in the brachial plexus
after a significant physical impact or injury. Pain was the most frequently reported symptom, followed by
muscle weakness (hyposthenia), muscle wasting (hypotrophy), and functional deficits - findings consistent with
the clinical profile of brachial plexopathies.

Laterality analysis revealed that 80.4% of patients exhibited unilateral involvement, aligning with the classical
presentation of PTS as a focal neuropathy affecting one side of the brachial plexus. Bilateral involvement was
observed in 19.6% of cases, a less common but clinically significant variant. Notably, bilateral symptoms were
more prevalent among patients under 55, suggesting a possible age-related variation in disease expression or

immune reactivity. This observation may reflect a more aggressive inflammatory phenotype in younger
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individuals, potentially leading to bilateral plexus involvement. Alternatively, it may indicate differences in
neuromuscular recovery dynamics or systemic immune activation. These findings underscore the importance

of age-stratified analysis in understanding disease progression and tailoring therapeutic strategies.

Table 3 — Side of Nerve Roots per Gender and Age Range

Gender Age Range
Overall Female Male < 55 years > 55 years
(n=51) (n=10) (n=41) p-value (n=27) (n=24) p-value
Side
Right 21 (412) 5 (5000 16  (39.0) 0.816 10 (3700 11  (458) 0.510
Left 200 (392) 4 (4000 16  (39.0) 10 (3700 10  (41.7)
Both 10 (196) 1 (1000 9  (22.0) 7 (259) 3 (125)
Unilateral vs. Bilateral
Unilateral 41 (804) 9  (90.0) 32  (78.0) 0.664 20 (741) 21 (87.5) 0.300
Bilateral 10 (196) 1 (100 9 (220 7 (259 3 (125)

Note: Results are reported as relative frequencies and percentages, sample size = 51 cases.

At the nerve root level (Table 4), the data reveals that C6 is the most commonly affected root, with involvement
observed in 61.3% of patients on the right side and 56.7% on the left. This aligns with expectations, as C6 is a
key component of the upper trunk of the brachial plexus, which is frequently impacted in PTS. Damage to the
C6 nerve root typically results in weakness in the shoulder and arm muscles, particularly affecting the deltoid
and biceps, which are essential for arm abduction and flexion. The symmetrical involvement of C6 across both
sides suggests that the underlying pathology may not exhibit a strong lateral bias but rather indicates a
generalized vulnerability of this nerve root. However, the role of gender in the manifestation of PTS symptoms
remains an area of ongoing research. While some studies suggest that males may have a higher incidence of
PTS, there is evidence indicating that females may experience a distinct pattern of nerve root involvement or
symptom progression, although these findings are not always consistent across different populations. The
observed gender difference in C5 involvement is due to the small sample that has been considered for our
purpose and could be related to a variety of factors, such as physiological or anatomical predisposition in
females, rendering the C5 nerve root more susceptible to inflammation or damage. Potential anatomical
differences, such as variations in muscle mass, body composition, or hormonal influences, may contribute to
the differential impact on nerve roots in PTS between genders. We will discuss on chapter 7 the bias connected

to the gender difference discovered in our results.
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Table 4 — Nerve Roots

Gender Age Range
Overall Female Male p-value <55 years > 55 years p-value

Right

C5 9 (29.0) 4 (66.7) 5 (20.0) 0.043 5 (29.4) 4 (28.6) 1.000

Co6 19 (61.3) 4 (66.7) 15 (60.0) 1.000 10 (58.8) 9 (64.3) 1.000

Cc7 13 (41.9) 3 (50.0) 10 (40.0) 0.676 7 (41.2) 6 (42.9) 1.000

C8 15 (48.4) 3 (50.0) 12 (48.0) 1.000 10 (58.8) 5 (35.7) 0.285

T1 4 (12.9) 1 (16.7) 3 (12.0) 1.000 2 (11.8) 2 (14.3) 1.000
Left

(08 13 (43.3) 3 (60.0) 10 (40.0) 0.628 5 (29.4) 8 (61.5) 0.138

Co6 17 (56.7) 3 (60.0) 14 (56.0) 1.000 7 (41.2) 10 (76.9) 0.071

C7 13 (43.3) 2 (40.0) 11 (44.0) 1.000 8 (47.1) 5 (38.5) 0.721

C8 10 (33.3) 2 (40.0) 8 (32.0) 1.000 7 (41.2) 3 (23.1) 0.440

T1 2 6.7) 1 (20.0) 1 4.0) 0.310 1 (5.9) 1 (7.7) 1.000

Note: Results are reported as relative frequencies and percentages; sample size of 51 patients with PTS.

As shown in Table 5, the upper trunk of the brachial plexus is affected in 20.6% of cases on the right side and
13.3% on the left, with no significant differences observed based on age or gender. Research indicates that PTS
typically affects one side of the body (unilateral), with no consistent preference for the right or left side. Some
studies showed a right-sided involvement, suggesting a slight predominance on the right side. However, this is
not a universal finding, and other studies have reported varying results. For instance, some literature suggests
that the left arm may be more frequently affected. However, the condition can affect either side, and no
definitive pattern has been established. Age and gender do not appear to have a significant impact on the
laterality of the syndrome (Milner et al. 2016). Further research with larger sample sizes is needed to better
understand these aspects of PTS.

The simultaneous involvement of both the upper and lower trunks aligns with established patterns in brachial
plexus neuropathies, as supported by existing literature. The symmetrical nature of trunk involvement indicates
a consistent pattern of damage throughout the brachial plexus, highlighting the slightly increased vulnerability
of the upper trunk to injury in PTS; this vulnerability might be related to the anatomy of the brachial plexus,
with the upper trunk (C5-C6 roots) being more superficial and exposed in the neck area (Chhabra et al.,
2013). This finding reinforces the notion that upper brachial plexus involvement is a common characteristic in

neuropathic disorders, as documented in previous studies.
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Table 5 — Nerve Trunk

Gender Age Range
Overall Female Male p-value <55 years > 55 years p-value

Right

Upper Primary Trunk 7 (06 1 (167 6 (214 1.000 3 (167 4 (25.0) 0.681

Middle Primary Trunk 1 (32 0 (00 1 (40 1.000 1 (5.9) 0 (0.0 1.000

Lower Primary Trunk 4 (129 1 @67n 3 (12.0) 1.000 4 (235 0 0.0) 0.107
Left

Upper Primary Trunk 4 (133) 0 (00) 4 (16.0) 1.000 2 (11.8) 2 (154 1.000

Middle Primary Trunk 4 (133) 0 (00) 4 (16.0) 1.000 2 (11.8) 2 (154 1.000

Lower Primary Trunk 3 (100) 0 (00 3 (120 1.000 2 (118 1 (7.7 1.000

Note: Results are reported as relative frequencies and percentages; sample size of 51 patients with PTS.

An examination of edema across limb-girdle muscle groups (Table 6; see Appendix) stratified by age (<55
years and >55 years) highlights the subscapularis and deltoid muscles as particularly affected. The
subscapularis, a key component of the rotator cuff responsible for internal shoulder rotation, shows a
significantly higher prevalence of edema in females (p = 0.013), suggesting a potential significance of this
gender difference based on the sample size analyzed.

Edema in the subscapularis is indicative of acute inflammation, often associated with early-stage PTS,
particularly when nerve roots C5 and C6 - responsible for its innervation - are involved. This inflammation can
result in severe pain and impaired internal rotation.

The deltoid muscle, essential for arm abduction, exhibits edema in 19.4% of patients on the right side, with
slightly lower involvement on the left. This finding is consistent with axillary nerve involvement, commonly
affected in PTS. Deltoid edema correlates with functional limitations, particularly in overhead activities, and
reflects the frequent impairment of the C6 root and axillary nerve. Although right-sided involvement is
marginally higher, the bilateral pattern suggests that PTS may affect both sides, especially in severe or early-
onset cases.

An analysis of fat infiltration across limb-girdle muscle groups (Table 7; see Appendix), stratified by gender
and age (<55 years and >55 years), identifies the rotator cuff muscles as key indicators of chronic muscle
degeneration, typically following prolonged nerve injury in PTS.

Among these, the infraspinatus muscle shows notable involvement, particularly on the left side, where fat
infiltration is more pronounced. Although the supraspinatus and subscapularis also exhibit fatty changes -
affecting 19.4% and 16.1% of patients on the right side, respectively - the infraspinatus stands out for its
consistent left-sided predominance. While statistical analysis does not reveal significant differences by age or
gender, the asymmetrical pattern observed in the infraspinatus may suggest a subtle lateralization in the
degenerative process. Functionally, the infraspinatus is critical for external shoulder rotation and contributes
significantly to joint stability. Chronic denervation of this muscle, often due to injury of the C5 and C6 nerve
roots, leads to progressive replacement of muscle fibers with adipose tissue - a hallmark of chronic neuropathies

such as PTS. This fat infiltration reflects irreversible muscle atrophy and is associated with persistent weakness
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and reduced range of motion, particularly in external rotation.

The higher frequency of left-sided infraspinatus involvement may point to a mild asymmetry in disease
progression, although the current sample size limits definitive conclusions. Importantly, the absence of
significant gender- or age-related differences in fat infiltration contrasts with earlier findings on muscle edema,
where female predominance was noted in the subscapularis. This suggests that chronic muscle degeneration in
PTS is more closely related to the duration and severity of nerve injury than to demographic variables. However,
it is conceivable that with a larger sample size, more nuanced variations in how different populations experience
fat degeneration could emerge.

An analysis of muscle atrophy across limb-girdle groups (Table 8; see Appendix), stratified by gender and age
(<55 years and >55 years), reveals that on the right side, the serratus anterior shows a low overall prevalence
of atrophy (3.2%), with a higher rate in females (16.7%). However, this difference lacks statistical significance
(p = 0.194), suggesting that any gender-related pattern could be not robust. Similarly, the deltoid muscle
presents an atrophy rate of 12.5%, more frequent in males (15.4%), but again without statistical significance (p
= 0.566). Among the rotator cuff muscles, the supraspinatus exhibits the highest atrophy rate (25.0%),
particularly in females (33.3%). Despite this apparent trend, the p-value (0.625) indicates no significant gender
difference. Age-related data show that 35.7% of patients aged >55 years exhibit supraspinatus atrophy,
compared to 16.7% in younger individuals, suggesting a possible age-related progression of muscle
degeneration. On the left side, similar patterns emerge. Atrophy is observed in the pectoralis major, pectoralis
minor, and serratus anterior (3.3% each), with no significant gender differences. The deltoid shows a slightly
higher prevalence (6.7%), particularly among older patients. In the rotator cuff, both the supraspinatus and
infraspinatus show notable atrophy (20.0% each), mirroring the trends seen on the right. However, these
differences are not statistically significant.

These findings underscore the rotator cuff - especially the supraspinatus and infraspinatus - as key sites of
muscle atrophy in PTS because more involved in previous edema and fat processes of the disease. While some
muscles appear more vulnerable, the absence of significant gender differences suggests that factors such as the
duration and severity of nerve injury may be more influential than demographic variables. The observed
increase in atrophy among older patients points to age as a potential modifier of disease progression and
recovery capacity.

Correlation in roots involvement based on EMG and MRI

Table 9 presents a comparative analysis of nerve root involvement (C5-C8) as assessed by EMG and MRI. The
matrix format allows for direct comparison of findings across both modalities, highlighting cases where the
same root is concurrently identified as pathological by EMG and MRI. A detailed examination reveals that the
C5 and C6 nerve roots are most frequently involved. Specifically, C5 shows concurrent abnormalities in 18
cases across both EMG and MRI. MRI also identifies C5 involvement in 16 cases when paired with C6, while
involvement decreases markedly with C7 (8 cases) and C8 (4 cases). The C6 nerve root demonstrates the highest

frequency of involvement. EMG detects abnormalities in 25 cases when paired with C5 and in 28 cases when
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assessed independently. MRI findings mirror this pattern, with 25 and 28 cases respectively, confirming C6 as
a central site of pathology in PTS. In contrast, involvement of C7 is moderate, with EMG showing 17 cases
with C5 and 19 with C6, but fewer with C7 (11) and C8 (5). The C8 root is the least affected, with EMG
identifying 14 cases with C5 and 16 with C6, and MRI showing similar values (14, 16, 11, and 9 for C5-CS,
respectively).

These findings underscore the predominant role of C5 and C6 in PTS-related nerve damage, with strong
concordance between EMG and MRI results. The consistency across modalities reinforces the diagnostic value

of combining both techniques for accurate root-level assessment.

Table 9 — Nerve Involvement at EMG and MRI respectively

EMG
C5 Coé (o) C8
C5 18 16 8 4
Cé6 25 28 14 6
MRI
(o) 17 19 11 5
C8 14 16 11 9

Descriptive analysis reveals that a substantial proportion of patients report pain (70.6%) and functional
impairment (52.9%) during clinical evaluation (Table 1). To explore the relationship between these symptoms
and nerve involvement, we analyzed EMG and MRI findings in relation to the presence or absence of pain and
functional deficits, as summarized in Table 10. The table provides a detailed overview of nerve root
involvement (C5-C8) in the cohort of 51 patients, categorized by symptomatology.

Looking before at the laterality, the right-side involvement was observed in 21 patients (41.2%), with 17
reporting pain (47.2%) and 4 without (26.7%). Although pain was more prevalent in this group, the difference
was not statistically significant (p = 0.079). Functional impairment was reported by 14 patients (51.9%) versus
7 (29.2%) without impairment (p = 0.273). The left side involvement was present in 20 patients (39.2%), with
15 (41.7%) experiencing pain and 5 (33.3%) not. Functional impairment was reported by 9 (33.3%) patients,
while 11 (45.8%) did not report deficits. Among the bilateral cases (10 patients, 19.6%), 6 (60%) reported pain
and 4 (40%) did not. Functional impairment was noted in 4 patients (14.8%), while 6 (25%) reported no
impairment.

The EMG results indicate substantial involvement of various nerve roots:

* C5: Overall involvement was noted in 38 patients (74.5%). Among those with pain, 26 (72.2%) showed
involvement, while 12 (80%) without pain did as well (p = 0.730). This suggests that C5 involvement is
prevalent regardless of pain presence.

» C6: This nerve root had the highest involvement at 42 patients (82.4%). Here, the pain group showed 30
(83.3%) with involvement compared to 12 (80%) in the no pain group, yielding a p-value of 1.000. This

indicates no significant difference.
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* C7 and C8: C7 involvement was observed in 23 patients (45.1%), with pain seen in 15 (41.7%) and 8 (53.3%)
without pain (p = 0.542). C8 showed similar patterns, with 12 patients (23.5%) overall, where 10 (27.8%) had
pain, and 2 (13.3%) did not (p = 0.470). Again, no significant differences were evident.

The MRI findings reflected a similar lack of significant correlation between symptoms and nerve involvement:
* C5: MRI indicated 20 patients (39.2%) had C5 involvement, with 14 (38.9%) of those experiencing pain and
6 (40%) without (p = 1.000).

» C6: MRI findings for C6 showed involvement in 32 patients (62.7%). Among the pain group, 25 (69.4%) was
involved, whereas 7 (46.7%) did not, resulting in p-value of 0.203, indicating no significant association.

* C7 and C8: For C7, 22 patients (43.1%) were involved, with 16 (44.4%) in the pain group and 6 (40%) without
(p = 1.000). C8 involvement was noted in 20 patients (39.2%), with a slight majority (16 or 44.4%) reporting
pain compared to 4 (26.7%) without (p = 0.348).

These findings confirm that C5 and C6 are the most frequently involved nerve roots in PTS, as detected by both
EMG and MRI. However, no statistically significant associations were found between nerve involvement and
the presence of pain or functional impairment. This suggests that nerve pathology may be present regardless of
symptom severity, highlighting the complex and variable clinical presentation of PTS.

The lack of correlation between objective findings and subjective symptoms points to the influence of additional
factors - such as individual pain thresholds, compensatory neuromuscular mechanisms, and symptom duration

- in shaping patient experience and functional outcomes.

Table 10 — Nerve Characteristics by EMG and MRI, at Clinics

Pain No Pain Functional Impairment (n No Functional Impairment

Total (n = 36) (n =15) p-value =27) (n = 24) p-value

Side

Right 51 412) 17 (47.2) 4(26.7) 0.079 14 (51.9) 7(29.2) 0.273

Left 20 (39.2) 15 (41.7) 5(33.3) 9(33.3) 11 (45.8)

Both 10 (19.6) 4(11.1) 6 (40) 4(14.8) 6 (25)
EMG C5 38 (74.5) 26 (72.2) 12 (80) 0.730 20 (74.1) 18 (75) 1.000
EMG Cé6 42 (82.4) 30 (83.3) 12 (80) 1.000 22 (81.5) 20 (83.3) 1.000
EMG C7 23 (45.1) 15 (41.7) 8(53.3) 0.542 11 (40.7) 12 (50) 0.580
EMG C8 12 (23.5) 10 (27.8) 2(13.3) 0.470 6(22.2) 6(25) 1.000
MRI C5 20 (39.2) 14 (38.9) 6 (40) 1.000 10 (37) 10 (41.7) 0.780
MRI C6 32 (62.7) 25 (69.4) 7 (46.7) 0.203 18 (66.7) 14 (58.3) 0.575
MRI C7 22 (43.1) 16 (44.4) 6 (40) 1.000 13 (48.1) 9 (37.5) 0.573
MRI C8 20 (39.2) 16 (44.4) 4(26.7) 0.348 11 (40.7) 9 (37.5) 1.000

Note: Results are reported as relative frequencies and percentages, sample size of 51 patients.
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MRI findings correlated with clinics

To better understand the muscular alterations underlying PTS, we analyzed MRI findings across various muscle
groups, focusing on edema, fat infiltration, and atrophy, and correlated these with the presence or absence of
pain and functional impairment.

Edema: Patterns and Clinical Associations

As shown in Table 11 (see Appendix), most patients exhibited Grade 0 edema, indicating no visible
inflammation. However, the analysis focused on Grades 1 and above, which reflect active or residual
inflammatory processes.

e Pectoralis major and minor: Both muscles showed minimal involvement, with only 2% of patients
presenting Grade 1 or 2 edema. No cases of Grade 3 or 4 were observed, suggesting limited
inflammatory activity in these muscles.

e Subclavius: Similarly, only 2% of patients exhibited Grade 2 edema, reinforcing the notion that anterior
shoulder girdle muscles are less frequently affected in symptomatic PTS.

e Serratus anterior: Showed slightly higher variability, with 11.8% of patients presenting Grade 1 and 2%
with Grade 2 edema. However, no statistically significant correlation with pain or functional impairment
was found.

e Deltoid: Demonstrated a broader distribution, with 23.5% of patients showing Grade 1 and 15.7% Grade
2 edema. Although not statistically significant, this variability may reflect underlying subclinical
pathology and warrants further investigation.

e Trapezius: Notably, 11.8% of patients had Grade 1 and 5.9% had Grade 2 edema. A statistically
significant association with pain was observed (p = 0.026), suggesting that even mild edema in this
muscle may contribute to symptomatology.

e Latissimus dorsi: No edema was detected, indicating this muscle may serve as a reference for unaffected
tissue in this cohort.

e Supraspinatus and infraspinatus: These muscles showed the highest incidence of edema, with 29.4%
and 27.5% of patients exhibiting Grade 1 edema, respectively. Importantly, infraspinatus edema was
significantly associated with pain (p = 0.018), highlighting its potential role in the clinical presentation
of PTS.

The presence of mild to moderate edema (Grades 1-2) in specific muscles - particularly the trapezius and
infraspinatus - suggests a meaningful link between localized inflammation and clinical symptoms such as pain
and functional impairment. These findings support the hypothesis that muscle-specific inflammatory responses
contribute to the heterogeneity of PTS presentations.

Fat Infiltration: Distribution and Clinical Correlation

Table 12 (see Appendix) presents the distribution of fat infiltration across shoulder girdle and arm muscles,

categorized by the presence of pain and functional impairment, using a grading scale from 0 to 4 (including
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subgrades 2A and 2B).

e Pectoralis major and minor: Minimal fat infiltration was observed, with only 3.9% of patients classified
as Grade 2A. No higher grades were reported. There were no significant associations with pain (p =
0.506) or functional impairment (p = 1.000).

e Subclavius: Showed low involvement (2% in Grade 2A), with no significant differences based on
symptoms (p = 1.000).

e Serratus anterior: 5.9% of patients were classified as Grade 2A. Again, no significant correlation with
pain or impairment was found (p = 1.000).

e Deltoid: Displayed greater variability, with 7.8% in Grade 1 and 11.8% in Grade 2A. However, these
findings were not statistically significant for pain (p = 0.218) or functional impairment (p = 0.523).

e Trapezius: 5.9% of patients showed Grade 1 infiltration, without significant associations (pain: p =
0.203; impairment: p = 0.595).

Among the rotator cuff muscles, the supraspinatus stood out: 21.6% of patients exhibited Grade 1 and 5.9%
Grade 2A infiltration. A statistically significant association with pain was found (p = 0.001), suggesting a
potential link between fat infiltration and symptom severity. The infraspinatus and subscapularis showed
moderate infiltration (15.7% each in Grade 1), but without significant correlations. No fat infiltration was
observed in the triceps, brachialis, or coracobrachialis, indicating these muscles were unaffected.

Fat infiltration was generally low across most muscles, with the supraspinatus being the only muscle showing
both higher infiltration rates and a significant correlation with pain. This suggests a potential role in the
pathophysiology of PTS-related discomfort.

Atrophy: Prevalence and Symptom Association

Table 13 (see Appendix) details muscle atrophy findings, comparing patients with and without pain and
functional impairment.

e In the pectoralis major and minor muscles, atrophy was observed in 7.8% of patients. However, no
statistically significant differences were found between patients with and without pain (p = 1.000),
suggesting that atrophy in these muscles may not be directly linked to symptom severity.

e The subclavius muscle showed a low prevalence of atrophy, affecting only 2% of the cohort. This
finding was consistent across symptomatic and asymptomatic individuals, with no significant
association with pain (p = 1.000).

e For the serratus anterior, atrophy was present in 7.8% of patients, but notably, no cases were recorded
among those without pain. Despite this trend, the difference did not reach statistical significance (p =
0.307), indicating that the observed variation may not be clinically meaningful.

e The deltoid muscle exhibited a higher prevalence of atrophy, affecting 21.6% of patients. Interestingly,
the condition was slightly more frequent among those without pain, although the difference was not

statistically significant (p = 0.711), suggesting that deltoid atrophy may occur independently of pain
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perception.

e In the trapezius muscle, atrophy was identified in 5.9% of patients, with no significant differences
between symptomatic and asymptomatic groups (p = 1.000). Similarly, no atrophy was observed in the
latissimus dorsi or rhomboid muscles, indicating these regions were spared in this cohort.

e Among the rotator cuff muscles, the supraspinatus demonstrated the highest rate of atrophy, affecting
41.2% of patients. A statistically significant difference was found between those with pain (30.6%) and
those without (66.7%) (p = 0.028), suggesting a potential link between supraspinatus atrophy and the
presence of pain, possibly reflecting different stages of disease progression or compensatory
mechanisms. The infraspinatus and subscapularis muscles were also commonly affected, with atrophy
rates of 29.4% and 25.5%, respectively. However, neither showed a significant correlation with pain
status, indicating that their involvement may not directly influence symptom expression.

e In the triceps, atrophy was observed in 3.9% of patients, with no significant differences between groups.
The brachialis muscle showed a low overall prevalence (2%), with a slightly higher rate among patients
reporting pain (6.7%), though this difference was not statistically significant (p = 0.294).

e Finally, in the scalene muscles - including the anterior, medial, and posterior groups - atrophy was
present in 2% of patients for each subgroup. These cases were exclusively observed in individuals with
functional impairment, yet the association did not reach statistical significance (p = 0.294).

While atrophy was observed in several muscle groups, only the supraspinatus showed a statistically significant
association with pain. Most other muscles exhibited similar atrophy rates regardless of symptom presence,
suggesting that muscle atrophy in PTS may not consistently correlate with clinical symptoms in all cases
analyzed.

EMG findings correlated with MRI

In this study, all patients underwent EMG assessment prior to MRI, enabling a sequential diagnostic approach. This
methodology allowed for a direct comparison between neurophysiological and radiological findings. By integrating
EMG results with MRI data, it aimed to better characterize the patterns of nerve involvement and their clinical
correlates. This combined analysis enhances our understanding of the pathophysiological mechanisms underlying
PTS and may refine the interpretation of imaging findings in light of functional nerve assessments. The correlations
between EMG and MRI findings, along with their relationship to clinical presentations, are summarized in Table 14,

offering an overview of how these diagnostic modalities complement each other in the context of PTS.
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Table 14 — Nerve characteristics by EMG Findings

EMG Neurogenic Impairment EMG Denervation Activity

Yes(n=41) No(n=10) p-value Yes(n=10) No(n=41) p-value

Side

Right 17 (41.5) 4 (40) 1.000 5(50) 16 (39) 0.816

Left 16 (39) 4 (40) 4 (40) 16 (39)

Both 8 (19.5) 2 (20) 1 (10 9(22)
EMG C5 31(75.6) 7 (70) 0.701 7 (70) 31(75.6) 0.701
EMG C6 34 (82.9) 8 (80) 1.000 9 (90) 33(80.5)  0.667
EMG C7 19 (46.3) 4 (40) 1.000 7 (70) 16 (39) 0.154
EMG C8 11 (26.8) 1(10) 0.417 4 (40) 8 (19.5) 0.218
MRI C5 17 (41.5) 3 (30) 0.721 2 (20) 18 (43.9)  0.280
MRI C6 27 (65.9) 5 (50) 0.470 5(50) 27(65.9) 0470
MRI C7 19 (46.3) 3 (30) 0.483 4 (40) 18 (43.9) 1.000
MRI C8 18 (43.9) 2 (20) 0.280 4 (40) 16 (39) 1.000

Note: Results are reported as relative frequencies and percentages. N/A: Statistical Test Not Applicable

Table 14 presents a comparative analysis of neurogenic impairment and denervation activity across cervical
nerve roots (C5—CS8), assessed through EMG. The data are visualized using two variables representing
neurogenic impairment and denervation activity at EMG compared with laterality and EMG/MRI findings.
When examining side involvement, the distribution was relatively balanced. Among patients with neurogenic
impairment, 41.5% had right-sided involvement, 39% left-sided, and 19.5% bilateral. These proportions were
nearly identical in patients without impairment (40%, 40%, and 20%, respectively), with no significant
differences (p = 1.000 for all comparisons). Among patients without denervation activity were also balanced
between the two sides.

In the analysis with neurogenic impairment, the most frequently involved roots on EMG were C5 and C6, with
31 and 34 cases respectively. MRI findings similarly showed a high frequency of involvement at C6 (27 cases).
Despite these trends, statistical analysis revealed no significant differences between patients with and without
neurogenic impairment (all p-values > 0.05), indicating that the observed distributions may not reflect clinically
meaningful distinctions.

In the analysis of denervation activity, EMG again highlighted C5 and C6 as the most commonly affected roots.
While EMG C7 showed a lower p-value (0.154), suggesting a possible trend toward significance, it did not
meet the conventional threshold (p < 0.05). MRI findings were more evenly distributed across roots, and no

statistically significant associations were observed.
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Correlation Between EMG and MRI Findings

Although trends were observed linking EMG-detected neurogenic impairment and denervation activity with
MRI abnormalities across cervical nerve roots, none of these associations reached statistical significance.
Specifically, no significant differences emerged between patients with and without neurogenic impairment
regarding the side of involvement (right, left, or bilateral), suggesting that laterality does not substantially

influence the presence of EMG abnormalities.

When analyzing individual nerve roots, a consistently higher proportion of patients with neurogenic impairment
showed abnormalities on both EMG and MRI - particularly at C5, C6, C7, and C8 - compared to those without
impairment. For instance, EMG abnormalities at C6 were present in 82.9% of impaired patients versus 80% of
non-impaired, while MRI abnormalities at the same root were observed in 65.9% versus 50%, respectively.
Similarly, C8 involvement was more frequent in the impaired group on both EMG (26.8% vs. 10%) and MRI
(43.9% vs. 20%). Despite these numerical differences, all p-values exceeded the threshold for statistical
significance (p > 0.05), likely due to the limited sample size, particularly in the non-impaired subgroup.

Overall, while EMG and MRI consistently identified C5 and C6 as the most frequently involved roots -
consistent with the typical pattern of cervical radiculopathy - none of the comparisons between impaired and
non-impaired groups reached statistical significance. These findings suggest that although certain trends are
evident, further investigation with larger sample sizes may be necessary to clarify the clinical relevance of these

observations.
MRI finding correlated with EMG

Given the predominance of neurogenic impairment and partially of denervation activity observed in the EMG

findings of patients with PTS, it is essential to explore how these electrophysiological alterations correspond to
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structural muscle changes on MRI: edema, fat infiltration, and atrophy.

Edema — Table 15 (see Appendix) presents an analysis of edema distribution across various muscle groups in
51 patients, 41 of whom exhibited EMG-confirmed neurogenic impairment with denervation activity, and 10

without.

e In the pectoralis major and minor, nearly all patients with neurogenic impairment exhibited Grade 1 or
2 edema (2.4% each), with no cases of Grades 3 or 4. A similar pattern was observed in the subclavius,

where 2.4% showed Grade 2 edema, again without higher-grade involvement.

e The serratus anterior showed greater variability: 9.8% of patients with neurogenic impairment had
Grade 1 edema and 2.4% had Grade 2. Interestingly, 20% of patients without impairment also exhibited
Grade 1 edema, suggesting that mild edema in this muscle may occur independently of neurogenic

changes.

e In the deltoid, 22% of patients with neurogenic impairment had Grade 1 edema and 17.1% had Grade
2. The non-impaired group showed a similar but slightly lower distribution. The trapezius showed
edema in 14.6% (Grade 1) and 7.3% (Grade 2) of impaired patients, while no edema was observed in

the control group, suggesting a stronger association with neurogenic pathology.

e The latissimus dorsi was unaffected in all patients. In the levator scapulae, 2.4% of impaired patients

showed Grade 2 edema, with no cases in the control group.

e For the rhomboid major and minor, Grade 1 edema was observed in 4.9% and 2.4% of impaired patients,
respectively. Interestingly, one patient in each muscle group from the non-impaired cohort also showed
Grade 1 edema. The teres major and minor followed a similar trend, with a few cases of Grade 1 edema

only in the impaired group.

e The supraspinatus muscle showed the highest incidence: 29.3% of impaired patients had Grade 1 edema
and 19.5% had Grade 2. The infraspinatus followed closely, with 29.3% at Grade 1 and 14.6% at Grade
2. These findings suggest a strong correlation between neurogenic impairment and edema in the rotator

cuff.

e In the subscapularis, 26.8% of impaired patients had Grade 1 edema, with minimal higher-grade
involvement. The triceps showed Grade 1 edema in 9.8% and Grade 2 in 2.4% of impaired patients,

with slightly lower rates in the control group.

e No edema was observed in the anconeus, brachialis, or coracobrachialis muscles in either group. The
scalene muscles showed a few cases of Grade 1 edema among impaired patients, though overall

incidence was low.

Although most patients presented with no edema (Grade 0), Grades 1 and 2 were notably more frequent among

those with EMG-confirmed neurogenic impairment. This trend was particularly evident in the shoulder girdle
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and rotator cuff muscles, suggesting a potential pathophysiological link.

Fat Infiltration — Table 16 (see Appendix) provides a detailed assessment of fat infiltration in shoulder girdle

muscles among all cases. Grade 0 findings dominate across all muscle groups, with minimal occurrences of

higher grades.

In the pectoralis major and minor, 95.1% of patients with neurogenic impairment and 100% of those
without show Grade 0 infiltration. Only 4.9% of impaired patients exhibit Grade 2A, with no statistically
significant difference between groups (p = 1.000). The subclavius follows a similar pattern: 97.6% at

Grade 0 and 2.4% at Grade 2A in the impaired group (p = 1.000).

The serratus anterior shows 92.7% of impaired patients at Grade 0 and 7.3% at Grade 2A, again without
significant group differences (p = 1.000). In the deltoid, 78% of impaired patients are at Grade 0 and
14.6% at Grade 2A. Despite this slight increase, the difference remains statistically non-significant (p =

0.544).

In the trapezius, 92.7% of impaired and 90% of non-impaired patients are at Grade 0, with 7.3% of the
impaired group at Grade 1 (p = 1.000). Both the latissimus dorsi and levator scapulae show no fat

infiltration in any patient (100% at Grade 0), rendering statistical comparison unnecessary.

The rhomboid major shows 97.6% at Grade 0 and 2.4% at Grade 2A in the impaired group, while the
rhomboid minor remains entirely unaffected (100% at Grade O in both groups). No significant

differences are observed.

Among rotator cuff muscles, the supraspinatus shows 68.3% at Grade 0 and 7.3% at Grade 2A in the
impaired group (p = 0.541). The infraspinatus mirrors this distribution (68.3% at Grade 0), with
additional lower-grade involvement (p = 0.121). The subscapularis shows 73.2% at Grade 0 and 17.1%
at Grade 1 (p = 0.616), again without significant differences.

Muscles of the arm and neck - including the triceps, anconeus, brachialis, and scalene - show no fat

infiltration in any patient (100% at Grade 0), with no group differences.

Across all examined muscle groups, fat infiltration is minimal and predominantly limited to Grades 1 and 2A.

The vast majority of patients, regardless of EMG neurogenic status, exhibit Grade O infiltration. Statistical

analyses consistently reveal no significant differences between groups, suggesting that neurogenic impairment

does not substantially influence fat infiltration in the studied muscles. Further research may be warranted to

explore other muscle groups or mechanisms potentially involved.

Atrophy — Table 17 (see Appendix) presents the analysis for a comparative evaluation of atrophy prevalence

across muscle groups among all cases with EMG-confirmed neurogenic impairment and without.

In the pectoralis major and minor, atrophy is rare, observed in 7.3% of impaired and 10% of non-

impaired patients (p = 1.000), with no evidence of denervation-related atrophy. The subclavius shows
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atrophy in 2.4% of impaired patients and none in the control group (p = 1.000). The serratus anterior
shows slightly higher involvement (9.8% in the impaired group), but again, no significant difference is

found (p = 0.573).

The deltoid exhibits a more notable prevalence: 24.4% of impaired patients show atrophy compared to
10% of controls (p = 0.428). In the trapezius, atrophy is present in 4.9% of impaired and 10% of non-

impaired patients (p = 0.488). The latissimus dorsi shows no atrophy in either group.

In the levator scapulae, atrophy is observed in 2.4% of impaired and 10% of non-impaired patients (p =
0.357). The rhomboid major and minor show no atrophy in any patient. Similarly, the teres major and
minor show low prevalence (2.4% in impaired vs. 10% in non-impaired), with no significant differences

(p = 0.357).

Among rotator cuff muscles, the supraspinatus shows the highest atrophy rates: 41.5% in the impaired
group and 40% in the control group (p = 1.000). The infraspinatus shows atrophy in 24.4% of impaired
and 50% of non-impaired patients (p = 0.135). The subscapularis follows a similar trend (24.4% vs.
30%, p = 0.701), with no significant group differences.

In the triceps, atrophy is seen in 2.4% of impaired and 10% of non-impaired patients (p = 0.357). The
anconeus and coracobrachialis show no atrophy in either group. The brachialis shows atrophy in 2.4%

of impaired patients only (p = 1.000).

The scalene muscles (anterior, medial, posterior) show no atrophy in the impaired group, while 10% of

non-impaired patients exhibit atrophy in each (p = 0.196), again without statistical significance.

Overall, muscle atrophy is relatively infrequent across most muscle groups, with the deltoid and supraspinatus

showing the most notable involvement in patients with neurogenic impairment. However, statistical analysis

reveals no significant differences between groups, suggesting that EMG-confirmed neurogenic impairment

does not consistently correlate with increased atrophy in the studied muscles.

MRI Results of the visual inspection of subscapularis muscles with clinics associated:
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Figure 13: Note - Graphic part of the Table 15, at MRI: 29.4% of PTS with Edema: 25 % with PAIN and 37 % with functional

impairment
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Figure 14: Note - Graphic part of the Table 16, at MRI: 31% of PTS with Fat Infiltration: 25 % with PAIN and 33.3 % with functional
impairment

MRI Results of the visual inspection of supraspinatus muscles with clinics associated:
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Figure 15: Note - Graphic of the table 15, at MRI: 51% of PTS with Edema: 41.9 % with PAIN and 48.1 % with functional impairment
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Figure 16: Note — Graphic of the Table 16, at MRI: 33.3% of PTS with Fat Infiltration: 16.7 % with PAIN and 33.3 % with functional impairment

MRI Results of the visual inspection of infraspinatus muscles with clinics associated:
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Figure 17: Note — Graphic of the table 15, at MRI: 45.1% of PTS with Edema: 33.3 % with PAIN and 44.4 % with functional impairment
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Figure 18: Note — Graphic of the table 16, at MRI: 25.5% of PTS with Fat Infiltration: 16.7 % with PAIN and 22.2 % with functional impairment
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MRI Results of the visual inspection of subscapularis, supraspinatus and infraspinatus muscles with clinics

associated:
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Figure 19: Note — Graphic of the table 17, at MRI: 58.8% of PTS with Atrophy: 69.4 % with PAIN and 55.6 % with functional

impairment

6.2 Analysis of Nerve Changes on Quantitative Measurements

In the evaluation of nerve alterations associated with PTS, quantitative imaging measurements offer critical
insights into the extent and nature of nerve involvement. It is important to note that the findings presented are
based on the specific sample analyzed; further studies with larger cohorts are necessary to validate and expand
upon these results.

The analysis focused on the C5, C6, C7, and C8 nerve roots, evaluating both CSA and T2 relaxation times to
assess structural alterations. CSA provides an estimate of nerve root size, with enlargement indicating potential
inflammation and reduction suggesting atrophy or degeneration. T2 relaxation times are particularly sensitive
to changes in tissue composition, with elevated values often reflecting edema or chronic pathological changes.
These metrics enable direct comparison between patients with PTS and a matched control group of healthy
individuals.

A total of 76 subjects participated in the study, comprising 23.7% females and 76.3% males, with a mean age
of 50 £ 16.6 years. Comparative analysis between PTS patients and healthy controls revealed no statistically
significant differences in age or gender distribution (see Table 2), supporting the validity of group comparisons.
Among the PTS cohort (Table 18), 122 pathological nerve roots were identified and analyzed. Of these, 52.5%
were located on the left side and 47.5% on the right, suggesting a slight lateral predominance that warrants
further investigation. The C6 nerve root was the most frequently affected (32.8%), followed by C7 (23%), C8
(22.1%), and C5 (22.1%). The predominance of C6 involvement aligns with existing literature, likely due to its
anatomical vulnerability within the brachial plexus.

These findings provide valuable insights into the anatomical distribution of nerve involvement in PTS. The

frequent involvement of the C5-C8 roots, particularly C6, underscores the importance of targeted imaging and
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electrodiagnostic evaluation in these regions.

6.3 Results of Differential Diagnosis

This database analysis aims to compare imaging parameters between patients with PTS and healthy control
subjects. The primary objective is to identify and characterize morphological and signal alterations in cervical
nerve roots, as visualized through MRI, to better understand the structural impact of PTS. An exploratory sub-
analysis was conducted within the PTS cohort, comparing pathological nerve roots (those exhibiting imaging
or clinical signs of disease) to non-pathological roots. This approach was designed to elucidate the extent of

nerve involvement and its clinical implications.

The analysis focused on three key MRI-derived parameters: CSA, indicative of nerve root swelling or atrophy;
AR, reflecting changes in nerve root shape; MED, associated with tissue composition, including edema or fat

infiltration.
Comparison between patient with PTS and healthy subjects

PTS patients exhibited significantly larger nerve root diameters compared to controls, suggesting structural
alterations consistent with inflammatory or degenerative processes. This enlargement was symmetrical, with
no significant differences between right and left nerve roots, indicating a systemic rather than localized pattern
of involvement. All examined nerve roots (C5-C8) were similarly affected, reinforcing the notion of a diffuse
pathological process in PTS (see Table 18). A hierarchical linear model was employed to analyze ROI
measurements, revealing significant differences in nerve root morphology between PTS patients and healthy
controls. The model demonstrated a statistically significant increase in nerve root diameter among PTS patients

(F=104.76, p <0.001), strongly rejecting the null hypothesis.

Total (n = 76) Healthy Subjects (CTL) (n = 25) Patients with PTS (PTS) (n = 51)
CSA (mm) AR (mm?) MED CSA (mm) AR (mm?) MED CSA (mm) AR (mm?) MED
cs Right
33409 17.9£7.5 151.5+68.3 2.8+0.4 144433 131+41.8 4.4+0.7 259483 197.9+93.4
(2-54) (9.7-40.8) (68-387) (2-34) (9.7-22.3) (68-215) (3.2-54) (15.1-40.8) (86-387)
[32.7-37] [154,12.6-21.3] [138,104-158.5] [2.9.2.4-3] [14.4,11.7-163] [123,101-153] [4.5,3.9-5.1] [24.6,19-29.8] [153,137-283]
Left
32408 15.7£5.7 148+59.4 2.7+0.4 12.8£2.6 129.44+42.1 4.1+0.7 20.5+63 178.9£71.6
(1.94.9) (7.2-35.5) (52-365) (1.9-33) (7.2-19.8) (52-213) (2.7-49) (11.5-35.5) (102-365)
[3.1,2.6-39] [13.8,11.9-18.4] [141,106.5-178] [2.7.24-3] [12.8,11.7-13.8] [124,100-161] [42,3.5-4.7] [19.5,17-22.1] [164,117-215]
C6 Right
3.9+09 24.6£9.8 183.4+60.4 32405 18.6+4.8 167.6+44.6 4.7+0.7 32.149.1 203.2+72
(2.3-5.6) (9-49.1) (94-370) (2.344) (9.9-31.2) (99-280) (3.2-5.6) (9-49.1) (94-370)
[3.6,3-4.6] [21.7,17.3-312] [175,139-212] [3.3.2.9-35] [18.5,15.2-20.5] [156,133-201] [4.9.4.2-52] [31.5,27.2-38.7] [180,161.5-256.5]
Left
3.6+0.8 21.8+8.5 181.9+£57.2 3.1+04 17.5+4.6 175.2+54.5 4.3+0.7 274493 190.7+61
(2.1-53) (8.5-45.7) (81.3-325) (2.1-4) (8.5-25.6) (81.3-275) (33-53) (11.245.7) (87-325)
[3.4,3-4] [20.4,15.3-25.9] [182.5,132-220.5] [3.12.8-33] [16.5,14.7-20.6] [170,131-211] [4.1,3.7-4.9] [28.2,18.6-34] [194,146-239]
c7 Right
3.7+1 24.3£10.6 189.4+61 3.140.5 19.1+6.4 172.4+46.7 4.8+0.8 34.3+10.1 222.2+73.1
(2-64) (10.1-54.4) (85-348) (2-4.9) (10.1-31.7) (101-316) (3.3-64) (17.3-54.4) (85-348)
[3.3,3-43] [22.9,14.7-31] [187,148-211] [32.9-32] [20.3,13.3-23.3] [173,136-205] [4.7.4.2-55] [34.2,27.7-37.4] [216,170-276]
Left
3.8+1 23.749 188.4+52.8 3.240.6 19.246.3 177.4+48.2 4.8+0.6 31.7+7.3 208+56.6
(2.1-6.1) (10-44.2) (87-297) (2.145) (10-31.4) (87-285) (3.7-6.1) (19-44.2) (114-297)
[3.6,3-45] [24,16.4-29] [183,150-222] [3.1,2.8-35] [18.7,14.1-25.7] [181,144-204] [49.44-52] [32.2,26.2-36.7] [203.5,163-250]
cs Right
3.7+0.9 25.6+£9.7 186.2463.3 3.240.6 20.5+5.9 174.5+63.1 4.7+0.5 34.6+8.5 207.2+60.3
(2.1-5.6) (10.7-49.8) (72-309) (2.142) (10.7-32.9) (72-300) (3.8-5.6) (19.6-49.8) (130-309)
[3.7,3-45] [25,17.2-31.1] [184,136-245] [3.2.2.9-3.6] [19,16.1-25.4] [172,117-219] [4.7,4.5-49] [34.2,28.3-41.1] [203,155-245]
Left
3.7+1 24.5+10 185.8+61.8 32404 20+6.2 172.9+47.3 4.9+0.9 3449.9 212.5+80.4
(2.2-64) (10.7-50.5) (88-366) (22-39) (10.7-36.2) (88-253) (3.2-64) (16.9-50.5) (116-366)
[33.3.1-45] [22.3,18.1-31.9] [180,137-217] [3.13-34] [19.5,15.3-22.3] [165,137-206] [49.4.55.5] [34.8,26.1-39.8] [186,149-289.5]

* Results are reported as means + standard deviation, with the range in round brackets. Results in squared brackets are median and interquartile range.
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Table 18 — Brachial Nerve Root Diameter, Area and Signal Intensity — Controls vs. PTS*

In detail, a closer examination of nerve root diameters (CSA) in patients PTS reveals a consistent and notable
enlargement when compared to healthy individuals (Figure 20). This increase is evident on both the right and
left sides and spans multiple cervical levels, suggesting a widespread structural alteration rather than a
localized issue. For instance, the C5 nerve root in PTS patients measured approximately 4.4 mm on the right
and 4.1 mm on the left, whereas in healthy controls, the corresponding values were significantly smaller-
around 2.8 mm and 2.7 mm, respectively. This trend continues with the C6 nerve root, where diameters
reached 4.7 mm on the right and 4.3 mm on the left in the PTS group, compared to just over 3 mm in controls.
The pattern remains consistent at the C7 level, with PTS patients showing diameters of 4.8 mm on both sides,
while controls averaged just above 3 mm. Similarly, the C8 nerve root was enlarged in PTS patients, measuring

4.7 mm on the right and 4.9 mm on the left, in contrast to 3.2 mm in the control group on both sides.

4.5+

® Right, Control
® Right, PTS

® Left, Control
® Left, PTS
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Figure 20: Scatter plot with 95% CI (vertical bars) of Nerve Root Diameter across Group, Roots, and Sides — Adjusted predicted

means — Diameter (mm) — Comparison between PTS vs. CTL
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Figure 21: Note — Graphs displayed as histograms derived from the previous scatter plot: in C5 [right side - PTS: 4.4+0.7 mm, CTL:
2.8+0.4 mm; left side — PTS: 4.1+0.7 mm, CTL: 2.7+0.4 mm)], in C6 [right side - PTS: 4.7+0.7 mm, CTL: 3.2+0.5 mm; left side — PTS:
4.3+£0.7 mm, CTL: 3.1+0.4 mm], in C7 [right side - PTS: 4.8+0.8 mm, CTL: 3.1+0.5 mm; left side — PTS: 4.8+0.6 mm, CTL: 3.2+0.6
mm], and C8 [right side - PTS: 4.7+0.5 mm, CTL: 3.2+0.6 mm; left side — PTS: 4.9+0.9 mm, CTL: 3.2+0.4 mm]

A similar trend was observed in the analysis of nerve root area (AR), where patients with PTS exhibited
significantly larger values compared to healthy controls. Statistical analysis confirmed this difference, with a
robust main effect of group on nerve root area: F(1,76) = 32.13, p < 0.001. This enlargement was consistent
across both right and left sides. Further analysis revealed a significant interaction between group and nerve root
level (F(1,76) = 11.62, p = 0.009), indicating that the magnitude of difference varied depending on the specific
nerve root. Notably, the C7 and C8 roots demonstrated the most pronounced increases in area, as illustrated in
Figure 22. Post-hoc comparisons provided additional insight. On the right side, the C7 nerve root area in PTS
patients measured 34.3 + 10.1 mm?, compared to 19.1 + 6.4 mm? in controls. On the left, the values were 31.7
+ 7.3 mm? in PTS patients versus 19.2 + 6.3 mm? in healthy individuals. The C8 nerve root followed a similar
pattern: on the right, 34.6 + 8.5 mm? in PTS patients versus 20.5 = 5.9 mm? in controls; on the left, 34.0 + 9.9

mm? versus 20.0 £ 6.2 mm?, respectively.
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Figure 22: Scatter plot with 95% CI (vertical bars) of Nerve Root Area across Group, Roots, and Sides — Adjusted predicted
means — Area (mm?) — Comparison between PTS vs. CTL
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Figure 23: Note — Graphs displayed as histograms derived from the previous scatter plot: The post-hoc analysis showed that the nerve
root areas of C7 and C8 were significantly higher in patients with PTS than in healthy subjects (C7 right: PTS: 34.3+10.1 mm2, CTR:
19.1£6.4 mm?2; C7 left: PTS: 31.7+£7.3 mm2, CTL: 19.2+6.3 mm2; C8 right: PTS: 34.6+8.5 mm2, CTL: 20.5+5.9 mm2; C8 left: PTS:
34+9.9 mm2, CTL:204+6.2 mm?2].

Patients diagnosed with PTS exhibited significantly elevated 72 signal intensity (MED) values across cervical
nerve roots when compared to healthy controls. Statistical analysis confirmed this difference, with a strong
main effect of group: F(1,76) =24.92, p <0.001. This increase was consistent across both sides and all examined

nerve roots, indicating a widespread alteration in tissue characteristics.

A more detailed analysis of individual nerve roots further highlighted these differences. For the C5 nerve root,
PTS patients showed mean T2 signal intensities of 197.9 + 93.4 on the right and 178.9 £ 71.6 on the left,
compared to 131.0 = 41.8 and 129.4 + 42.1, respectively, in healthy controls. The C6 root followed a similar
trend, with PTS patients recording 203.2 + 72.0 on the right versus 167.6 + 44.6 in controls. The C7 nerve root
demonstrated even more pronounced differences: 222.2 + 73.1 on the right and 208.0 + 56.6 on the left in PTS
patients, compared to 172.4 £ 46.7 and 177.4 + 48.2 in controls. Finally, for the C8 root, signal intensity in the
PTS group reached 207.2 £ 60.3 on the right, while controls averaged 174.5 + 63.1. These findings, illustrated
in Figure 24, underscore the diffuse and bilateral nature of T2 signal alterations and highlight the importance

of T2 signal intensity as a potential biomarker for assessing the extent of nerve involvement in PTS.
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Figure 24: Scatter plot with 95% CI (vertical bars) of Nerve Root Signal Intensity across Group, Roots, and Sides - Adjusted
predicted means - Signal Intensity - Comparison between PTS vs. CT
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Figure 25: Note - Graphs displayed as histograms derived from the previous scatter plot: [right side - PTS: 197.9+93.4,
CTL:131441.8; left side - PTS: 178.9+£71.6, CTL: 129.4+42.1], in the right C6 [PTS: 203.2+72, CTL:167.6+44.6], in the right and

left C7 [right side - PTS: 222.2473.1, CTL:172.4+46.7; left side — PTS: 208.0+56.6, CTL: 177.4+48.2], and in the right C8 [PTS:
207.2+60.3, CTL:174.5+63.1].

Comparison between health and pathological nerve roots within patients with PTS
As part of the investigation, a subgroup analysis was conducted to differentiate between the measurements of
pathological and non-pathological nerve roots within the cohort of patients diagnosed with PTS. This analysis

included an evaluation of 412 individual nerve roots, offering a dataset for identifying measurable anatomical

differences.
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The results demonstrated a statistically significant increase in the diameter of pathological nerve roots compared
to non-pathological ones. This difference was supported by statistical evidence [F(1,51) = 11.44, p = 0.001],
indicating a substantial effect size. These findings suggest that nerve roots affected by PTS are not only clinically

distinguishable but also present quantifiable morphological changes detectable by MRI (Table 19).

Total Nerve Roots (n = 412) Non-Pathological Nerve Roots (no PTS) (n = 290) Pathological Nerve Roots (PTS) (n = 122)
CSA (mm) AR (mm?) MED CSA (mm) AR (mm?) MED CSA (mm) AR (mm?) MED
410.8 21379 178.5+77.4 3.810.7 2047.3 173472.7 4.40.7 25.948.3 197.9£93.4
Right (24-5.6) (7.9-40.8) (66-387) (24-5.6) (7.9-38.7) (66-375) (3.2-5.4) (15.1-40.8) (86-387)
[3.9,3.4-4.5] [20,15.6-26.6] [158,121-209] [3.9,3.4-4.3] [19.5,14.6-25.2] [164,120-197] [4.53.9-5.1] [24.6,19-29.8] [153,137-283]
C5
3.910.6 20.746.2 169.6+55.6 3.910.6 20.746.3 165.7+48.8 4.1x0.7 20.546.1 178469.3
Left (24-53) (7.3-35.5) (77-365) (24-53) (7.3-32.8) (77-261) (2.7-4.9) (115-35.5) (102-365)
[4,3.5-43] [20.3,17-23.5] [158,127-211] [3.9,354.2] [20.3,16.3-25.3] [150,127-211] [4.3364.7] [20.1,17.1-21.8] [164,128.5-205]
4.3+0.8 26.919.5 203.4+69.6 4.120.8 23.348.1 203.6+69.2 4.7x0.7 32.1£9.1 203.2472
Right (267) (949.1) (94-426) (267) (11.347.7) (97-426) (3.2-5.6) (949.1) (94-370)
[4.33.848] [26.1,20.9-31.8] [198,154-240] [4.1,3.4-45] [22.6,18-27.5] [199,151-225] [4.94.252] [31.4,27.1-38.7] [180,161.5-256.5]
C6
4.2+0.6 2548.3 200.8+69.2 4.2+0.7 23.247.3 212.6467.3 4.3x0.7 27.749.1 182.5+69.8
Left (2959) (10.945.7) (26.2-409) (2959) (10.9-37) (106-409) (3.3-53) (11.2-45.7) (26.2-325)
[4.3,3.84.5] [23.8,18.6-31.6] [191,159-239)] [4.3,4-45] [22.8,18.2-28.9] [191,168-271] [4.33.7-49] [29.2,20.4-33.5] [186,134.5-231.5]
4.3+0.8 28.319.2 220.1+67.2 4.1x0.7 26.247.9 219.4+66 4.8+0.8 34.3£10.1 22224731
Right (2.7-64) (12-54.4) (85-406) (27-5.7) (12-45.2) (90-406) (3.3-64) (17.3-54.4) (85-348)
[4.339-48] [28,20.3-34.2] [215,177-268] [4.1,3.7-4.5] [25.6,19.5-32] [214,179-258) [4.7,4.2-55] [34.2,27.7-37.4] [216,170-276]
c7
4.441 26.447.3 208+63.3 4.241 24.3+6.4 212.4461.6 4.8+0.6 31.347.1 197.5+68.1
Left (29-8.8) (12.347.2) (50.5-415) (29-8.8) (12.347.2) (135-415) (3.7-6.1) (19-44.2) (50.5-297)
[4.3,3.8-4.5] [26.2,21.8-30.3] [200,163-247] [4,3.8-44] [23.4,21.2-27.3] [199,170-243] [4.84.4-52] [30.6,26.2-36.7] [201,150-250]
4.410.6 30.148.6 220.5£75.5 4.310.6 28.348.1 225.7+80.8 4.7x0.5 34.648.5 207.2+60.3
Right (32:6) (16.2-49.8) (103-440) (3.2:6) (16.2-45) (103-440) (3.8-5.6) (19.6-49.8) (130-309)
[4.33.9-48] [28.4,22.4-37.3] [203.5,163-276] [4.2,3.9-46] [27.1,21.8-35.2] [204,163.5-281.5] 474549 [34.2,28.3-41.1] [203,155-245]
cs
4.3+0.8 27.5+9.8 213.9+68.1 4.120.6 24.948.1 215.7465.4 5¢1 35.2£10.5 208.5£78.3
Left (2.8-6.4) (12.7-51.1) (98-409) (285.7) (12.7-51.1) (98-409) (3.2-6.4) (16.9-50.5) (116-366)
[4.33.84.7] [26.1,20.5-34.5] [196,169-257] [4.23.7-4.3] [24.8,18.6-29.2] [203,175-253] [54.5-5.6] [35,26.6-42.1] [180,161-284]

* Results are reported as means + standard devia3on, with the range in round brackets. Results in squared brackets are median and interquarle range.

Table 19 - Brachial Nerve Root Diameter, Areas and T2 Signal Intensity - Comparison between pathological and non- pathological

nerve roots in patients with PTS*

Post-hoc analysis revealed that pathological nerve roots in patients with PTS exhibited significantly larger
diameters compared to non-pathological roots in individuals without the condition. This enlargement was
consistent across multiple cervical levels (Figure 26).

For the C5 nerve root, PTS patients showed diameters of 4.4 = 0.7 mm on the right and 4.1 + 0.7 mm on the
left, compared to 3.8 £ 0.7 mm and 3.9 + 0.6 mm, respectively, in non-PTS individuals. A similar pattern was
observed at C6, where the right-side diameter in PTS patients was 4.7 + 0.7 mm, versus 4.1 + 0.8 mm in controls.
The C7 nerve root also demonstrated significant enlargement in the PTS group, with diameters of 4.8 = 0.8 mm
on the right and 4.8 + 0.6 mm on the left, compared to 4.1 = 0.7 mm and 4.2 + 1.0 mm in the non-PTS group.
At C8, the trend persisted: PTS patients had diameters of 4.7 £ 0.5 mm (right) and 5.0 = 1.0 mm (left), while
non-PTS individuals measured 4.3 + 0.6 mm and 4.1 + 0.6 mm, respectively.

Despite these significant differences in absolute values, the analysis did not reveal statistically significant
differences between sides or among the various nerve roots within groups. This suggests a uniform pattern of

nerve root involvement in PTS, rather than localized or asymmetric changes.

54



Internal

5.5
5_
E, * Right, No
= ® Right, Yes
Q -
g 45 * Left, No
3 ! ® Left, Yes
o 4
4
]
3.5
T T T T
C5 Cé6 Cc7 Cc8
Root

Figure 26: Scatter plot with 95% CI (vertical bars) of Nerve Root Diameter across Group, Roots, and Sides - Adjusted predicted

means - Diameter (mm) - Comparison between pathological (Yes) and non-pathological roots (No) in patients with PTS
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Figure 27: Note - Graphs displayed as histograms derived from the previous scatter plot: post-hoc analysis showed that diameter
were significantly higher in pathological C5 nerve roots (PTS right: 4.4+0.7 mm; PTS left: 4.1+0.7 mm; No PTS right: 3.8+0.7 mm;
No PTS left:3.9+0.6 mm), right C6 nerve root (PTS right: 4.7+0.7 mm; no PTS right: 4.1+0.8 mm), C7 nerve roots (PTS right:
4.8+0.8 mm; PTS left: 4.8+0.6 mm; no PTS 4.1+0.7 mm; no PTS 4.2+1 mm) and C8 nerve roots (PTS right 4.7+0.5 mm; PTS left:
5+1 mm; no PTS 4.3+0.6 mm; no PTS 4.1+0.6 mm).

The analysis of nerve root area revealed no statistically significant overall difference between pathological and
non-pathological roots (F(1,51) =2.97, p=10.0847). However, a significant interaction between nerve root level
and pathology status was identified (F(1,51) = 19.04, p = 0.001), indicating that specific roots - particularly C6,
C7, and C8 - exhibited significantly larger areas in patients with PTS compared to non-PTS individuals. For
the C6 nerve root, PTS patients showed a right-side area of 32.1 + 9.1 mm?, notably larger than the 23.3 + 8.1

mm? observed in controls. On the left side, the area measured 27.7 = 9.1 mm? in PTS patients versus 23.2 + 7.3
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mm? in non-PTS individuals. The C7 nerve root followed a similar pattern. On the right, PTS patients had an
area of 34.3 £ 10.1 mm?, compared to 26.2 £ 7.9 mm? in controls. On the left, the values were 31.3 = 7.1 mm?
for PTS and 24.3 + 6.4 mm? for non-PTS. For the C8 nerve root, the right-side area in PTS patients was 34.6 +
8.5 mm?, compared to 28.3 £+ 8.1 mm? in controls. On the left, the difference was even more pronounced: 35.2

+ 10.5 mm? in PTS patients versus 24.9 + 8.1 mm? in non-PTS individuals.

These findings suggest that while overall differences in nerve root area may not reach statistical significance,
specific cervical roots - particularly C6 through C8 - are significantly enlarged in PTS. Moreover, these roots
also show clear distinctions when compared to C5, which did not exhibit similar enlargement in either group.
This pattern, illustrated in Figure 28, highlights the selective vulnerability of lower cervical roots in PTS and

underscores the importance of root-specific analysis in both diagnosis and monitoring.
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Figure 28: Scatter plot with 95% CI (vertical bars) of Nerve Root Area across Group, Roots, and Sides - Adjusted predicted means -

Area (mm?) —Comparison between pathological (Yes) and non-pathological roots (No) in patients with PTS
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Figure 29: Note - Graphs displayed as histograms derived from the previous scatter plot: [C6 right: PTS: 32.149.1 mm2, non-PTS:
23.348.1 mm2; C6 left: PTS 27.749.1 mm2, non-PTS: 23.2+7.3 mm2; C7 right: PTS: 34.3+10.1 mm2, non- PTS: 26.2 £7.9 mm2; C7
left: PTS 31.3+7.1 mm2, non- PTS: 24.3+6.4 mm2; C8 right: PTS: 34.6+8.5 mm2, non- PTS: 28.3+8.1 mm?2; C8 left: PTS
35.2+10.5 mm2, non-PTS: 24.9+8.1 mm?2]

The analysis of 72 signal intensity revealed no statistically significant differences between pathological and
non-pathological nerve roots within the PTS patient group. Despite the presence of clear morphological
alterations - such as CSA - in affected roots, the T2 signal intensity remained comparable across both
pathological and non-pathological roots.

This finding suggests that, while structural changes are evident in PTS, the tissue characteristics reflected by
T2 signal intensity do not vary significantly within the same patient population. As a result, T2 signal intensity
may have limited utility as a standalone marker for assessing the severity or extent of nerve involvement in
PTS. These results underscore the complexity of interpreting imaging biomarkers in this condition and highlight
the need for a multimodal approach that integrates morphological, functional, and clinical data for accurate

diagnosis and monitoring (see Figure 30).
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Figure 30: Scatter plot with 95% CI (vertical bars) of Nerve Root Signal Intensity across Group, Roots, and Sides — Adjusted

predicted means — Signal Intensity — Comparison between pathological (Yes) and non-pathological roots (No) in patients with PTS.
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Figure 31: Note — Graphs displayed as histograms derived from the previous scatter plot: with regard to T2 signal intensity, there

were no statistically significant differences between pathological and non-pathological nerve roots.

CHAPTER 7

Discussion

7.1 Interpretation of Results

Understanding the multifaceted nature of PTS requires a comprehensive approach that integrates clinical
presentations, imaging data, and demographic factors. In this analysis, the synthesis of both qualitative and

quantitative findings reveals the intricate relationship between these components.
7.1.1 Qualitative results

Imaging analysis revealed significant structural alterations in the affected nerve roots and adjacent musculature
in patients with PTS, including signs of edema, fat infiltration, and muscle atrophy. These findings closely align
with the clinical presentation of PTS, particularly the hallmark symptoms of pain and muscle weakness,
reinforcing the well-established link between structural damage and functional impairment. This correlation
between imaging abnormalities and clinical symptoms is well-documented in the literature. For example, van
Alfen and van Engelen (2006) emphasized the critical role of early MRI in detecting the extent of nerve root
involvement, which is essential for timely diagnosis and management. Similarly, Latham et al. (2013)
demonstrated that MRI findings - such as nerve root edema and muscle atrophy - correlate with symptom
severity. Kline et al. (2019) further highlighted the complementary role of MRI and EMG, with MRI capturing
structural changes and EMG providing insight into functional deficits, particularly during the acute phase of
the disease. Together, these modalities enhance diagnostic accuracy, support disease monitoring, and inform

therapeutic decision-making.

Demographic analysis of the study population revealed a predominance of middle-aged males, with a mean age

of 51.9 years (see chapter 6.1). This observation is consistent with prior studies reporting peak PTS incidence
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between the ages of 30 and 70 (van Alfen & van Engelen, 2006; Kline et al., 2019). The age distribution suggests
that age-related physiological changes - such as hormonal shifts, immune modulation, or cumulative
musculoskeletal stress - may contribute to increased susceptibility. Van Alfen and van Engelen (2006) identified
the 40-60 age range as the most common period for disease onset, while Naganawa et al. (2018) reported a
higher incidence in males, particularly in their fifth and sixth decades, suggesting a potential gender
predisposition, though the underlying mechanisms remain unclear. These demographic patterns underscore the
importance of considering age and sex as potential risk factors in the clinical evaluation of suspected PTS,

which may aid in early recognition and tailored management strategies.

Pain was the most frequently reported initial symptom, affecting 70.6% of the analyzed cohort. This finding is
consistent with previous studies that identify pain - particularly in the shoulder or upper arm - as a common
early manifestation of PTS (Hughes et al., 2011; Barron et al., 2016; Juel et al. 2014) noted that pain often
precedes motor deficits by several days to weeks, serving as a potential early warning sign. However, not all
patients report pain at onset. Some may underrecognize or deprioritize it, focusing instead on the sudden onset
of muscle weakness. Willard et al. (2015) observed that many patients attribute early symptoms to benign causes
such as muscle strain, which can delay diagnosis. This highlights the need for clinicians to maintain a high
index of suspicion for PTS, even in the absence of acute pain, particularly when unexplained shoulder or arm
weakness is present (Beghi et al., 2017). The integration of clinical findings - such as pain and weakness - with
imaging modalities like MRI and EMG is essential for accurate diagnosis and prognosis. As emphasized by
Gouveia et al. (2019), early identification of structural and functional changes can prevent long-term disability

and guide appropriate therapeutic interventions.

A high prevalence of unilateral symptoms was observed in the study cohort, with 80.4% of patients exhibiting
symptoms confined to one side of the body (see Table 3). This finding is consistent with the classical
presentation of PTS, which is typically characterized by unilateral neuropathic manifestations. The
predominance of unilateral involvement supports the hypothesis that PTS arises from localized inflammatory
or traumatic insults to the brachial plexus (van Alfen & van Engelen, 2006; Gouveia et al., 2019). The
anatomical configuration of the brachial plexus, particularly its exposure to mechanical and immunological
stressors, renders it especially susceptible to such localized processes (Kline et al., 2019). Recent literature
continues to reinforce this asymmetrical pattern. Mallet et al. (2021) reported that the vast majority of PTS
cases are unilateral, with bilateral presentations being rare and typically associated with systemic conditions
such as autoimmune or inflammatory disorders. Fazio et al. (2022) further observed that unilateral involvement
is often associated with a higher incidence of acute pain in the early phase, followed by progressive muscle
weakness. These findings underscore the importance of early recognition and targeted intervention, particularly
on the affected side. The rarity of bilateral involvement highlights the localized nature of PTS and supports

current clinical strategies that focus on managing inflammation, pain, and muscle atrophy unilaterally (Beghi
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et al., 2017; Hughes et al., 2011).

Qualitative MRI analysis in this study revealed a higher frequency of structural alterations - such as edema and
inflammation - at the C6 nerve root. This observation aligns with previous research identifying C6 as one of
the most commonly affected roots in PTS (van Alfen & van Engelen, 2006; Kline et al., 2019). The C5-C7
roots, which form the upper trunk of the brachial plexus, are particularly vulnerable to inflammatory processes

due to their anatomical positioning and biomechanical exposure (Gouveia et al., 2019).

Interestingly, those results than can be in contrast of what we identified in the quantitative analysis, which
objectively measures nerve root areas, showed that C7-C8 have significantly larger areas than C6, both in the
PTS group and in healthy controls. This may indicate that, despite the evident qualitative alteration at the C6
level, the C7-C8 roots have an intrinsically larger size, and/or respond to pathological processes with a more
evident and measurable volumetric increase. Furthermore, studies have consistently demonstrated that C7 and
C8 nerve roots exhibit larger diameters and cross-sectional areas compared to C6 nerve roots (Tanaka N et al.

2000).

As previously noted in chapter, the significant prevalence of C5 nerve root involvement in female patients -
accompanied by a statistically significant gender difference - raises important questions regarding potential
anatomical and physiological predispositions. While this study's sample may reflect inherent demographic biases,
emerging literature supports the hypothesis that sex-based biological factors may influence the clinical expression
of PTS. For instance, Mallet et al. (2021) proposed that hormonal differences and immune system variability
between genders could contribute to differential susceptibility. Specifically, heightened inflammatory responses
or distinct patterns of nerve vulnerability in females may explain the increased C5 involvement observed in this
cohort. These findings warrant further investigation into gender-specific immune responses and anatomical

variations that may modulate disease severity and presentation (Fazio et al., 2022).

The evaluation of muscle edema, fat infiltration, and atrophy provides critical insights into the pathophysiology
of PTS and its impact on shoulder function. Notably, the presence of edema in the subscapularis and deltoid
muscles reflects an acute inflammatory response, particularly in muscles innervated by the C5 and C6 roots. A
statistically significant gender difference in subscapularis edema (p = 0.013), with greater prevalence in females,
suggests that lower muscle mass and hormonal influences - such as estrogen-mediated immune modulation - may
contribute to increased inflammatory susceptibility (Mallet et al., 2021; Fazio et al., 2022). These findings
highlight the potential need for gender-specific early interventions to mitigate inflammation and preserve function.
The deltoid muscle, essential for arm abduction and innervated by the axillary nerve, also showed frequent edema,
underscoring its vulnerability in PTS. The correlation between deltoid edema and axillary nerve involvement
aligns with prior research demonstrating that brachial plexus pathology leads to muscle inflammation and

functional impairment (Juel et al., 2014; Beghi et al., 2017). Consistent with clinical findings, the rotator cuff
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muscles - particularly the supraspinatus and infraspinatus - exhibited high rates of Grade 1 edema (29.4% and
27.5%, respectively). Recent studies (Fazio et al., 2022; Gouveia et al., 2019) have emphasized the association
between infraspinatus edema and acute pain in PTS. In this cohort, a statistically significant correlation was
observed between infraspinatus edema and reported pain (p = 0.018), suggesting that mild edema in this muscle
may serve as an early marker of inflammation and symptom onset. Excluding Grade 0 findings, the presence of
mild to moderate edema (Grades 1 and 2) across multiple muscles - particularly the trapezius and infraspinatus -
indicates a broader pattern of muscle involvement associated with pain and functional limitation. These results
are consistent with previous studies (Juel et al., 2014; van Alfen & van Engelen, 2006), which highlight the
relationship between muscle inflammation and the severity of clinical symptoms in PTS. The statistical
significance of these findings reinforces the role of muscle edema not only as a structural marker but also as a
clinically relevant indicator of functional impairment. Given the potential for bilateral muscle inflammation, even
in predominantly unilateral cases, clinicians should monitor both sides of the body. Bilateral involvement may

lead to more severe disability and necessitate more comprehensive treatment strategies.

The analysis of fat infiltration patterns in patients with PTS provides important insights into the chronic phase of
the disease, particularly in relation to long-standing nerve injury. Fat infiltration, especially in the infraspinatus
muscle reflects ongoing neuromuscular degeneration and impaired reinnervation. These findings are consistent
with previous studies demonstrating that prolonged denervation in PTS leads to progressive muscle atrophy and
fat replacement, particularly in muscles critical to shoulder mechanics, such as those of the rotator cuff (Kline et
al., 2019; Mallet et al., 2021). In general, fat infiltration was minimal across most shoulder girdle and upper limb
muscles, with the majority of cases classified as Grade 0. This aligns with the understanding that early-stage PTS
is primarily characterized by inflammation and edema, rather than fatty degeneration (Juel et al., 2014; van Alfen
& van Engelen, 2006). However, the supraspinatus muscle emerged as an exception, showing higher rates of fat
infiltration that were significantly associated with pain. This observation is supported by Gouveia et al. (2019)
and Kline et al. (2022), who identified the supraspinatus as one of the earliest and most frequently affected muscles
in PTS, likely due to its anatomical role and its innervation by the C5 root. In contrast, most other muscles -
including those of the arm and posterior shoulder - exhibited little to no fat infiltration, suggesting that muscle
degeneration in PTS is often localized and progresses gradually. Fazio et al. (2022) similarly reported that while
certain muscles, such as the infraspinatus and trapezius, may show signs of degeneration, the overall muscular
condition remains relatively preserved in many patients, particularly in the early stages of the disease. Recent
studies have emphasized the diagnostic value of identifying fat infiltration patterns using high-resolution MRI.
As noted by van FEijk et al. (2023), the extent of fat infiltration can provide valuable information about the
chronicity and severity of nerve damage. The supraspinatus, due to its functional importance and vulnerability, is
considered a key muscle to monitor. Its higher infiltration rates have been shown to correlate with pain intensity,
reinforcing its role as a clinical and imaging biomarker (Kline et al., 2022). Interestingly, the current analysis also

revealed a left-side predominance of fat infiltration in the infraspinatus muscle. This asymmetry is consistent with
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findings by Gouveia et al. (2019), who reported that PTS often presents with unilateral or asymmetrical muscle
involvement, frequently affecting the dominant side. Although the underlying mechanisms remain unclear, such
asymmetry may reflect differences in mechanical load, vascular supply, or immune response. Kline et al. (2019)
further highlighted the utility of early MRI in detecting asymmetrical fat infiltration and muscle atrophy, which
are critical for monitoring disease progression and guiding rehabilitation. While the present sample may not be
large enough to confirm statistically significant gender or age-related differences, the observed patterns
underscore the chronic nature of PTS, and the importance of individualized rehabilitation strategies aimed at

preserving muscle function and mitigating long-term deficits.

The analysis of muscle atrophy across limb-girdle and rotator cuff muscle groups in patients with PTS reveals
several clinically relevant trends. Notably, atrophy was most prevalent in the supraspinatus muscle, particularly
among older patients. This observation aligns with findings from Kline et al. (2022), who reported that age-related
physiological changes - such as reduced regenerative capacity and altered muscle metabolism - may exacerbate
the effects of chronic denervation, leading to more pronounced atrophy in older individuals (Juel et al., 2021,
Mallet et al., 2021). Within the rotator cuff, the supraspinatus muscle exhibited the highest rate of atrophy,
affecting 41.2% of the PTS cohort. This is consistent with its known anatomical vulnerability and functional role
in shoulder abduction (van Eijk et al., 2023). A statistically significant difference in atrophy prevalence was
observed between patients reporting pain (66.7%) and those without pain (30.6%), with a p-value of 0.028. This
suggests a potential link between pain and muscle degeneration, supporting previous findings by Gouveia et al.
(2019), who proposed that inflammatory processes associated with pain may accelerate muscle breakdown in the
early stages of PTS. Moderate atrophy rates were also observed in the infraspinatus (29.4%) and subscapularis
(25.5%) muscles. However, no statistically significant differences were found between patients with and without
pain in these muscles. This aligns with prior studies (Fazio et al., 2022) suggesting that the relationship between
pain and atrophy may vary across muscle groups. For instance, van Alfen & van Engelen (2006) noted that atrophy
in the infraspinatus and subscapularis may develop more gradually and may not always correlate with acute pain
or immediate functional impairment. Overall, while muscle atrophy was observed across multiple muscle groups,
the supraspinatus was the only muscle to show a statistically significant association with pain. This highlights the
complex and muscle-specific nature of atrophy in PTS. The findings suggest that pain may serve as a predictor of
muscle degeneration in some cases, but not universally across all affected muscles. These results echo conclusions
from recent literature (Gouveia et al., 2019; Mallet et al., 2021), which emphasize the need for further research
into the interplay between pain, functional impairment, and muscle atrophy in PTS. Understanding these
relationships is essential for developing targeted rehabilitation protocols and improving long-term outcomes for

patients with chronic nerve injury.

Consistent with prior research (van Alfen & van Engelen, 2021; Fazio et al., 2022), our findings support the notion

that peripheral nerve injury in PTS often results in a disproportionate pain experience, which does not always
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correlate with the extent of structural damage observed on imaging. EMG and MRI assessments revealed a high
prevalence of nerve root involvement - particularly at the C5 and C6 levels - across the 51-patient cohort. This
aligns with previous studies identifying these roots as the most commonly affected in PTS (Juel et al., 2014; Kline
et al., 2022). However, despite the frequency of nerve root involvement, no statistically significant associations
were found between specific root involvement and the presence of pain or functional impairment. For example,
while 72.2% of patients with pain showed C5 involvement, this was not significantly different from the 80% of
pain-free patients who also exhibited C5 pathology. Similar patterns were observed for C6, C7, and C8 roots,
suggesting that pain and dysfunction are not directly proportional to the degree or location of nerve damage. These
findings are consistent with the work of van Eijk et al. (2023) and Gouveia et al. (2019), who proposed that pain
in PTS is likely mediated by both peripheral and central mechanisms. This includes factors such as individual
pain sensitivity, immune response variability, and psychosocial influences, which may modulate the perception
and impact of nerve injury. As van Alfen (2022) and Kline et al. (2022) have noted, variability in pain intensity
may also reflect differences in nerve regeneration capacity and the involvement of adjacent non-neural structures

- such as muscle and connective tissue - that are not always captured by conventional imaging or EMG.

The absence of a clear correlation between nerve root involvement and clinical symptoms underscores the
complexity of PTS and the limitations of relying solely on structural or electrophysiological findings for diagnosis
and management. Individual differences in pain thresholds, compensatory mechanisms, and symptom chronicity

likely contribute to the observed variability in clinical presentation.

MRI analysis provided further insight into the relationship between muscle alterations and clinical symptoms in
PTS, such pain. Notably, the presence of edema - particularly in the trapezius and infraspinatus muscles - was
significantly associated with pain, suggesting that even mild edema may reflect an underlying inflammatory
response contributing to pain perception. Conversely, the absence of edema in other muscle groups suggests a
more localized pathological process, reinforcing the importance of targeted imaging assessments focused on
muscles most likely to reflect clinical symptomatology. Muscle atrophy findings added another layer of
complexity. While the supraspinatus muscle showed a statistically significant difference in atrophy rates between
patients with and without pain, other muscles did not demonstrate similar correlations. This variability suggests
that the relationship between muscle atrophy and clinical symptoms is not uniform across all muscle groups in
PTS. These findings highlight the need for further investigation into the mechanisms driving muscle degeneration,

which may occur independently of pain or functional impairment.

Our analysis also explored the distribution of neurogenic impairment and its correlations. Among patients with
EMG-confirmed neurogenic impairment, 41.5% reported right-sided involvement, compared to 40% in those
without impairment (p = 1.000). Similarly, left-sided involvement was reported by 39% of impaired patients and
40% of non-impaired patients (p = 1.000). Bilateral involvement was nearly identical between groups (19.5% vs.

20%), indicating no statistically significant differences in laterality. When examining specific nerve roots, EMG
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findings showed C5 involvement in 75.6% of patients with neurogenic impairment and 70% of those without (p
=0.701). For C6, involvement was noted in 82.9% of impaired patients and 80% of non-impaired patients (p =
1.000). Similar non-significant trends were observed for C7 and C8, suggesting that while nerve root involvement
is common, it does not significantly differ between patients with and without neurogenic impairment. MRI
findings mirrored these patterns. For the C5 root, abnormalities were observed in 41.5% of impaired patients and
30% of non-impaired patients (p = 0.721). At C6, abnormalities were present in 65.9% of impaired patients versus
50% of non-impaired patients (p = 0.470). Again, similar trends were noted for C7 and C8, with no statistically
significant differences. These findings underscore the complexity of PTS, where structural and
neurophysiological abnormalities do not always correlate with clinical symptoms such as pain or functional
impairment. The lack of significant associations between nerve root involvement and symptom presentation

suggests that additional factors that may play a critical role in shaping the clinical picture.

This reinforces the need for a multidimensional diagnostic approach that integrates imaging, electrophysiology,

and clinical evaluation to accurately assess disease severity and guide personalized treatment strategies.

The integration of EMG findings and MRI observations offers valuable insights into the neuromuscular alterations
associated with PTS, particularly when focusing on three key parameters: edema, fat infiltration, and muscle

atrophy.

e Edema, often indicative of acute inflammation or early muscle damage, was more frequently observed in
patients with EMG-confirmed neurogenic impairment. For example, in the trapezius muscle, Grade 1
edema was present in 14.6% of patients with neurogenic impairment, while no edema was detected in the
non-impaired group. Similar patterns were observed in the supraspinatus and infraspinatus muscles, where
higher grades of edema were more prevalent among those with neurogenic findings. These results suggest
a potential link between nerve dysfunction and localized muscle inflammation, reinforcing the role of MRI

in detecting early pathological changes.

e Muscle atrophy, a hallmark of chronic denervation, was also evaluated. The deltoid muscle showed a
higher incidence of atrophy in patients with neurogenic impairment (24.4%) compared to those without
(10%). However, across most muscle groups, these differences did not reach statistical significance. This
suggests that while atrophy is a common feature in PTS, its presence may not be solely attributable to
neurogenic impairment, and other factors - such as disease duration, muscle-specific vulnerability, and

compensatory mechanisms - may influence its development.

These findings underscore the complexity of PTS pathophysiology. Although trends in muscle changes are
evident in relation to nerve involvement, the absence of consistent statistical significance highlights the variability

in clinical presentation. This variability necessitates a personalized approach to diagnosis and treatment.
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Given the high prevalence of nerve root involvement and the inconsistent correlation with pain and functional
impairment, individualized management strategies are essential. Advanced imaging techniques, such as high-
resolution MRI, should be employed not only to confirm nerve involvement but also to assess the extent of muscle

changes and guide targeted interventions.

7.1.2 Quantitative results

This study highlights the value of quantitative MRI parameters as non-invasive biomarkers for assessing and
monitoring nerve damage in PTS. Consistent with recent findings by Kline et al. (2023) and Fazio et al. (2022),
our results confirm that MRI-based quantification of nerve root morphology offers a powerful tool for early
detection and longitudinal tracking of disease progression. Analyzing the ROI measurements, we observed a
statistically significant increase in nerve root diameter among PTS patients compared to healthy controls (F =
104.76, p < 0.001). This finding strongly supports previous work by van Alfen et al. (2018) and van Eijk et al.
(2023), which identified nerve root swelling as a hallmark of PTS-related pathology. The enlargement likely
reflects underlying inflammatory or traumatic processes affecting the brachial plexus. The observed increase in
CSA across C5-C8 nerve roots in PTS patients supports the presence of nerve root enlargement, a hallmark of
inflammation or injury. The larger CSA values in pathological roots suggest localized edema or inflammatory
swelling, potentially associated with Wallerian degeneration - a process involving axonal breakdown and myelin
clearance following nerve injury. This mechanism has been well-documented in neurodegenerative conditions
such as ALS (Gerevini et al., 2016), where similar patterns of nerve root enlargement and signal changes have
been observed. Importantly, this increase in diameter was symmetrical, with no significant differences between
right and left sides, suggesting a systemic rather than localized pattern of nerve involvement. This observation
aligns with Kline et al. (2022), who reported bilateral structural changes despite predominantly unilateral clinical
symptoms. Further analysis of AR revealed significantly larger values in PTS patients compared to controls (F =
32.13,p<0.001), reinforcing the presence of structural nerve alterations. These findings are consistent with earlier
studies (e.g., van Alfen & van Engelen, 2020), which noted morphological changes in nerve roots during the acute
and subacute phases of PTS, likely due to edema and inflammation. T2 signal intensity, a sensitive marker of
tissue composition and inflammation, was also significantly elevated in PTS patients (F =24.92, p <0.001). This
increase was consistent across all nerve roots and both sides of the body, further supporting the presence of diffuse
inflammatory activity. These results are in line with studies by Moser et al. (2021), Fazio et al. (2022), and
Weninger et al. (2020), who demonstrated that T2 hyperintensity correlates with acute nerve injury and may serve

as a useful indicator of disease stage.

The subgroup analysis comparing pathological and non-pathological nerve roots within the PTS cohort (n =412
roots) revealed a significant difference in nerve root diameter, with pathological roots exhibiting markedly larger
dimensions. This finding corroborates previous work by van Alfen et al. (2021), which described structural

enlargement in affected roots due to edema, inflammation, or demyelination. On the contrary, the comparative
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analysis of nerve root areas revealed no statistically significant overall difference between pathological and non-
pathological roots within the PTS cohort (F(1,51) = 2.97, p = 0.0847). However, a significant interaction effect
was observed between pathology status and specific nerve root levels (F(1,51) = 19.04, p = 0.001), indicating that
certain roots - particularly C6, C7, and C8 - exhibited significantly larger areas when pathological. These findings
are consistent with previous studies (Moser et al., 2021; Gouveia et al., 2019), which identified C6 and C7 as
especially vulnerable to injury in PTS, likely due to their anatomical positioning and biomechanical exposure. In
addition, T2 signal intensity (AR, MED) did not differ significantly between pathological and non-pathological
roots within the PTS group. This suggests that while morphological changes such as increased diameter and area
are evident, T2 signal intensity may not reliably distinguish between affected and unaffected roots. This
observation aligns with findings by Fazio et al. (2023), who noted that T2 hyperintensity may not always correlate
with the degree of nerve damage, particularly in chronic stages where fat infiltration predominates overactive
inflammation. These results imply that while structural metrics (e.g., CSA and AR) are valuable for identifying
nerve involvement, T2 signal intensity alone may not be sufficient to differentiate stages of nerve pathology.
Longitudinal studies are needed to clarify the temporal dynamics between structural changes, T2 signal
alterations, and clinical symptoms. The findings of this study also have significant implications for the
longitudinal monitoring of patients with neurodegenerative or inflammatory nerve conditions. The ability to
measure CSA and T2 signal intensity over time provides clinicians with a method to track the progression of the
disease. For example, in patients with an early diagnosis of PTS or a similar condition, repeated imaging could
reveal changes in nerve root size or signal intensity, allowing for adjustments in treatment strategies based on
objective data. As noted by Gerevini et al. (2016), the progressive increase in T2 signal intensity in ALS patients
was closely associated with worsening clinical symptoms. Similarly, in brachial plexopathies, an increase in T2
signal intensity over time could signal a worsening of the inflammatory process, while a reduction in CSA might
indicate chronic atrophy or irreversible nerve damage. By utilizing these quantitative markers, clinicians can better
predict disease outcomes and offer timely interventions to mitigate nerve damage and improve patient quality of
life.

In terms of therapeutic implications, the ability to measure nerve root changes quantitatively could influence the
timing and choice of interventions. For instance, patients with significantly elevated T2 values might benefit from
anti-inflammatory treatments or immunomodulatory therapies aimed at reducing nerve inflammation.
Conversely, patients with reduced CSA, indicating chronic nerve atrophy, may require physical therapy focused

on muscle strengthening and rehabilitation to compensate for the loss of nerve function.

Conclusion

7.2 Conclusion

This study offers an evaluation of the multifactorial nature of PTS, highlighting significant structural changes
in nerve roots and adjacent musculature - edema, fat infiltration, and atrophy - and their relationship to clinical

66



Internal

symptoms such as pain, muscle weakness, and functional impairment at EMG. Through the integration of
advanced imaging modalities, particularly MRI and EMG, we presented the critical role of these tools in the

detection, characterization, and longitudinal monitoring of PTS.

Our findings confirm that PTS predominantly affects middle-aged males, with a mean age of diagnosis. This
demographic trend suggests that age-related physiological changes, including hormonal fluctuations and
immune modulation, may contribute to disease susceptibility and progression. As PTS remains a relatively rare
and often underdiagnosed condition, larger, more diverse cohorts and longitudinal studies are needed to
establish clearer patterns and validate these initial observations. Such variations could be attributed to the due
sample size and to anatomical factors, such as smaller muscle size or differing biomechanical loading patterns

in females, or immune-mediated mechanisms that influence the inflammatory response differently by gender.

Pain emerged as the most frequently reported initial symptom, underscoring its diagnostic value in the early
stages of the disease and its potential role in guiding timely intervention to prevent downstream neuromuscular

deterioration.

PTS was predominantly unilateral in presentation, with bilateral involvement being rare and typically associated
with more severe or systemic disease. The C6 nerve root was the most frequently affected, consistent with its

anatomical vulnerability within the brachial plexus.

MRI and EMG findings were instrumental in identifying both structural and functional impairments. Edema in
muscles such as the trapezius and infraspinatus was significantly associated with pain, suggesting a close link
between inflammation and symptom severity. The supraspinatus muscle, which exhibited the highest
prevalence of atrophy, particularly in older patients, reflects the cumulative impact of chronic denervation and
age-related muscle degeneration. Fat infiltration, especially in the infraspinatus, further underscores the chronic
nature of PTS-related muscle damage. The association between fat infiltration and pain in the supraspinatus
highlights the complex interplay between nerve injury, inflammation, and muscle remodeling. These findings

reinforce the importance of early intervention to mitigate long-term structural and functional decline.

Regarding the quantitative MRI parameters - specifically CSA and T2 signal intensity - proved to be valuable
in assessing the extent of nerve root involvement. The observed increases in CSA and T2 signal intensity in
PTS patients compared to healthy controls reflect underlying inflammation and structural nerve damage. These
metrics not only enhance diagnostic accuracy but also serve as objective markers for tracking disease

progression in correlation with clinic and EMG.

From a clinical perspective, these findings underscore the importance of individualized management strategies
that integrate imaging data with patient-reported symptoms and demographic variables such as age and gender.
A personalized, multimodal approach - combining MRI, EMG, and comprehensive clinical evaluation - has the
potential to optimize therapeutic outcomes and significantly enhance quality of life for individuals affected by

PTS. This study establishes a foundational framework for future research aimed at refining diagnostic criteria
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and developing targeted, evidence-based treatment protocols. By synthesizing structural, functional, and
clinical data, we advocate for a more nuanced and effective model of care - one that emphasizes early detection,

personalized intervention, and long-term preservation of neuromuscular function.

7.3 Study Limitations

While this study offers valuable insights into the morphological and signal alterations of the brachial plexus in
PTS, several limitations must be acknowledged across both qualitative and quantitative analyses.

A primary limitation lies in the retrospective design, which resulted in variability in MRI image quality. As
imaging data were collected from existing clinical records, not all scans met the high-resolution standards
required for detailed analysis. This inconsistency may have affected the accuracy of qualitative assessments -
such as evaluating edema or atrophy - and limited the reliability of nerve root evaluations. Standardized imaging
protocols are essential for ensuring consistency, which retrospective studies often cannot guarantee.

Another significant limitation is the manual delineation of ROIs for quantitative measurements of CSA and T2
signal intensity. Despite efforts to standardize the process, manual ROI selection introduces operator-dependent
variability, potentially affecting measurement precision and reproducibility. Future studies would benefit from
automated or semi-automated ROI methods to minimize subjectivity and improve consistency.

Additionally, the lack of blinding to patients’ clinical histories may have introduced bias in both image
interpretation and data analysis. Knowledge of which nerve roots were affected could have influenced the
evaluators’ judgments, underscoring the importance of blinding in clinical research to enhance objectivity.
The absence of inter-operator consensus further contributed to variability in both qualitative and quantitative
assessments. Differences in interpretation and measurement technique can lead to inconsistencies, reducing the
overall validity of the findings. To address this, the study implemented a standardized protocol for quantitative
measurements - specifically, measuring 15 mm (£2 mm) from the spinal foramen - and used a scoring system
for evaluating edema and fat infiltration. Operator training and calibration were also conducted at the outset to
mitigate variability.

An important limitation of this study is the absence of established reference data for the specific quantitative
measurements performed - particularly CSA and T2 signal intensity along the brachial nerve roots at
approximately 15 mm from the spinal foramen. The lack of normative values for this anatomical region in
healthy individuals complicates the interpretation of results, as it limits the ability to define clear thresholds for
pathological changes.

Another constraint is the limited sample size and the use of different MRI systems over the study period (2019-
2024). While the newer MRI scanner provided higher-resolution images and more consistent data, it was only
available for a subset of patients, potentially introducing selection bias. Additionally, the 3D Cube STIR
sequence used for quantitative analysis, although effective for visualizing nerve roots, is sensitive to motion
artifacts and requires longer acquisition times. This may have compromised image quality in patients

experiencing pain or discomfort during scanning, affecting measurement accuracy. The reliance on a single
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imaging protocol also limits comparability with studies using alternative MRI sequences.

The inconsistent use of contrast agents across the cohort represents another limitation. Contrast-enhanced
imaging is valuable for detecting subtle inflammatory changes and distinguishing nerve pathology from other
conditions. The absence of contrast in some cases may have reduced sensitivity, particularly in early-stage
disease, and introduced variability in the detection of pathological features.

Methodologically, the comparison between PTS patients and healthy controls was affected by unequal group
sizes, which may have introduced bias in the estimation of fixed and random effects. Although baseline
demographic characteristics were statistically comparable, the potential for selection bias and unmeasured
confounding cannot be excluded. More detailed patient profiling would strengthen future analyses.

To build on these findings, future studies should aim to include larger, more diverse cohorts and adopt
prospective, multicenter designs with multiple blinded measurements of radiologists with large expertise.
Standardized imaging protocols, consistent use of contrast agents, and the integration of automated
measurement tools will be essential for improving data quality and comparability. Longitudinal studies tracking
CSA and T2 signal intensity over time, ideally in conjunction with clinical and biochemical markers, could
provide deeper insights into disease progression and therapeutic response. Such efforts will be critical for

refining diagnostic criteria and developing targeted, evidence-based interventions for PTS.

7.4 Potential Future Applications
MRI is already a cornerstone in the diagnosis of various neuropathies, but ongoing technological advancements

are poised to significantly expand its clinical utility. These future applications are not merely extensions of
current practices - they represent transformative opportunities for earlier diagnosis, more precise treatment
planning, and deeper understanding of peripheral nerve disorders.

Quantitative MRI is expected to play a central role in the future of neuropathy diagnostics. Automated, Al-
powered tools could standardize measurements of nerve CSA, edema, and T2 relaxation times, reducing
operator variability and improving diagnostic accuracy. These metrics would also enable clinicians to monitor
disease progression and treatment response with greater precision.

The integration of machine learning (ML) and artificial intelligence (AI) with MRI holds significant promise.
By analyzing large imaging datasets, ML algorithms could detect subtle patterns predictive of neuropathy onset
or progression - patterns that may be imperceptible to the human eye. This could enable earlier intervention and

more personalized treatment strategies.
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Table 1 — Patients’ Characteristics

No. of patients 51
Gender, n (%)

Female 10 (19.6)

Male 41 (80.4)
Age, mean (SD) 51.9+ 159
Race, n (%)

Caucasian 49 (96.1)

Middle Eastern 2(3.9)
Side, n (%)

Right 21 (41.2)

Left 20 (39.2)

Both 10 (19.6)
Clinical Onset, n (%)

Pain 36 (70.6)

Functional Impairment 27(52.9)
EMG, n (%)

EMG Neurogenic Impairment 41 (80.4)

EMG Denervation Activity 10 (19.6)

EMG Bilateral Pess 1(2.0)

EMG Paralysis 1(2.0)

EMG Absence of electrical activity 1 (2.0)

EMG Motor Unit remodelling 3(5.9)
MRI Onset, n (%)

Aspecific 2 (4.0)

Inflammatory 46 (92.0)

Trauma 2 (4.0)

Table 2 — Demographic Characteristics

Total Healthy Control Subjects  Patients with Disease (PTS)
No. of Subjects 76 25 51
50.0 £ 16.6 46.5+18.1 51.9£15.9
Age at MRI imaging* (years) (14-83) (18-83) (14-78)
[52,39-62] [46, 32-56] [53, 46-63]
Gender, n(%)
Female 18 (23.7) 7 (28.0) 10 (19.6)
Male 58 (76.3) 18 (72.0) 41 (80.4)

Note - * Results are reported as means + standard deviation, with the range in round brackets. Results in squared brackets are median and interquartile

range.

Table 3 — Side of Nerve Roots per Gender and Age Range

Gender
Overall Female Male _value <55 years
(n=51) (n=10) (n=41) P (n=27)

Side

75



Internal

Right 21 (412) (5000 16 (39.0) 0816 10 (37.0) 11 (458)  0.510
Left 200 (392) 4 (40.0) 16 (39.0) 10 (37.0) 10 (41.7)
Both 10 (19.6) 1 (100) 9 (22.0) 759 3 (125)
Uni vs. Bilateral
Monolateral 41  (80.4) 9 (90.0) 32 (780)  0.664 20 (741) 21 (87.5)  0.300
Bilateral 10 (196) 1 (100) 9 (22.0) 7 (59 3 (125)
Note: Results are reported as relative frequencies and percentages, sample size = 51 cases.
Table 4 — Nerve Roots
Gender Age Range
Overall Female Male p-value <55 years > 55 years p-value
Right
C5 9 (2900 4 (66.7) 5  (20.0) 0.043 5 (294 4 (286) 1.000
c6 19 (613) 4 (66.7) 15 (60.0) 1.000 10 (588) 9  (643) 1.000
C7 13 (419) 3 (50.00 10  (40.0) 0.676 7 (4l2) 6 (429) 1.000
C8 15  (484) 3 (5000 12 (48.0) 1.000 10 (588) 5  (35.7) 0.285
T1 4 (1299 1 (167 3 (120 1.000 2 (11.8) 2 (143) 1.000
Left
C5 13 (433) 3 (60.0) 10  (40.0) 0.628 5 (294 8 (615 0.138
c6 17 (567 3 (60.0) 14  (56.0) 1.000 7 (412) 10 (76.9) 0.071
C7 13 (433) 2 (40.0) 11  (44.0) 1.000 8 (@11 5 (385) 0.721
c8 10 (333) 2 (4000 8  (32.0) 1.000 7 (412 3 (23.0) 0.440
T1 2 67 1 (20.0) 1 (4.0) 0.310 1 (5.9) 1 (1.7) 1.000
Note: Results are reported as relative frequencies and percentages; sample size of 51 patients with PTS.
Table 5 — Nerve Trunk
Gender Age Range
Overall Female Male p-value <55 years > 55 years p-value
Right
Upper Primary Trunk 7 (060 1 (167) 6 (214) 1000 3 (167) 4 (250)  0.681
Middle Primary Trunk 1 (32) 0 (00) 1 (4.0 1000 1 (59 0 (0.0) 1.000
Lower Primary Trunk 4 (129 1 (@67 3 (120 1000 4 (235 0 (0.0 0.107
Left
Upper Primary Trunk 4 (133) 0 (00) 4 (160) 1000 2 (11.8) 2 (154 1.000
Middle Primary Trunk 4 (133) 0  (0.0) 4 (16.0) 1000 2 (11.8) 2 (154) 1.000
Lower Primary Trink 3 (1000 0 (00) 3 (1200 1000 2 (11.8) 1  (7.7) 1.000
Note: Results are reported as relative frequencies and percentages; sample size of 51 patients with PTS.
Table 6 - Edema
Gender Age Range
Overall Female Male p-value  <S5S5years >S55years p-value
Right
Shoulder Girdle Muscles
Pectoralis Major Muscle 1 (32 0 (0.0 1 (40 1.000 0 (0.0) 1 (7.1) 0.452
Pectoralis Minor Muscle 1 (32 0 (0.0 1 (40 1.000 0 (0.0) 1 (7.1) 0.452
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Internal

Subclavious Muscle 0 (00) 0 (00 0 (0.0 N/A 0 (00) 0 (0.0) N/A
Serratus Anterior Muscle 4 (129) 1 (167 3 (1200  1.000 1 (59 3 (@14 0304
Deltoid Muscle 6 (194) 2 (333) 4 (160) 0567 1 (59 5 (357) 0067
Shoulder Girdle Posterio Muscle
Trapezius Muscle 397 1 (167 2 (8.0) 0488 2 (11.8) 1 (7.1 1.000
Latissum Dorsi Muscle 0 (0.0) 0 (000 0 (0.0 N/A 0 (000 0 (0.0 N/A
Levator Scapula Muscle 2 (65 0 (00 2 (80 1.000 2 (11.8) 0 (0.0) 0.488
Rhomboid Major Muscle 1 (32 1 167 0 (0.0 0.194 0 (0 1 (7.1 0.452
Rhomboid Minor Muscle 1 (32 0 (00 1 (40) 1000 1 (59 0 (0.0) 1.000
Teres Major Muscle 1 (32 1 (167 0 (0.0) 0194 0 (0.0) 1 (7.1 0.452
Teres Minor Muscle 3.0 1 (167 2 (8.0) 0488 2 (11.8) 1 (7.1) 1.000
Rotation Cuff Muscle
Supraspinatus Muscle 13 (41.9) 3 (50.0) 10 (40.0) 0676 7 (412) 6 (429)  1.000
Infraspinatus Muscle 13 (41.9) 3 (50.0) 10 (40.0) 0676 6 (353) 7 (50.0)  0.481
Subscapularis Muscle 11 (355) 5 (833) 6 (240) 0013 5 (294) 6 (429 0477
Arm Posterior Muscle
Triceps Muscle 4 (125 1 (167 3 (115  1.000 2 (11.1) 2 (143)  1.000
Anconeus Muscle 0 (00 0 (00 0 (0.0 N/A 0 (00) 0 (0.0) N/A
Arm Anterior Muscle
Brachialis Muscle 0 (0.0) 0 (000 0 (0.0 N/A 0 (000 0 (0.0 N/A
Coracobrachialis Muscle 0 (00 0 (00 0 (00 N/A 0 (00) 0 (0.0 N/A
Neck Lateral Muscle
Scalene Muscle Ant 0 (00 0 (00 0 (00 N/A 0 (00) 0 (0.0 N/A
Scalene Muscle Med 0 (00 0 (00 0 (0.0) N/A 0 (00 0 (0.0 N/A
Scalene Muscle Post 0 (00 0 (00 0 (0.0 N/A 0 (00) 0 (0.0) N/A
Left
Shoulder Girdle Muscles
Pectoralis Major Muscle 1 (33 0 (00 1 (40) 1000 1 (59 0 (0.0) 1.000
Pectoralis Minor Muscle 1 (33 0 (00) 1 (40 1000 1 (590 0 (0.0) 1.000
Subclavious Muscle 1 33 0 (00 1 (40) 1.000 1 (59 0 (0.0 1.000
Serratus Anterior Muscle 1 (33 0 (00 1 (40) 1000 1 (59 0 (0.0) 1.000
Deltoid Muscle 10 (313) 2 (333) 8 (308) 1000 7 (389) 3 (214) 0446
Shoulder Girdle Posterio Muscle
Trapezius Muscle 4 (133) 1 (2000 3 (1200 0538 3 (17.6) 1 (7.7 0.613
Latissum Dorsi Muscle 0 (0.0) 0 (0.0) 0 (0.0 N/A 0 (00) 0 (0.0 N/A
Levator Scapula Muscle 1 (33 0 (00 1 (40) 1000 1 (59 0 (0.0) 1.000
Rhomboid Major Muscle 2 (67 1 (200) 1 (4.0) 0.310 1 (69 1 @77 1.000
Rhomboid Minor Muscle 0 (00 0 (00 0 (0.0) N/A 0 (00 0 (0.0 N/A
Teres Major Muscle 1 (33 0 (00 1 (40) 1000 0 (0.0) 1 (7.7 0.433
Teres Minor Muscle 1 (33 0 (00 1 (40 1.000 1 (59 0 (0.0) 1.000
Rotation Cuff Muscle
Supraspinatus Muscle 12 (40.0) 2 (40.0) 10 (40.0)  1.000 7 (412) 5 (385  1.000
Infraspinatus Muscle 10 (333) 2 (40.0) 8 (320) 1.000 6 (353) 4 (30.8)  1.000
Subscapularis Muscle 4 (133) 0 (0.0) 4 (16.0) 1.000 1 (9 3 (231 0.290

Arm Posterior Muscle
Triceps Muscle 2 ©.7) 0 (0.0 2 (8.0) 1.000 1 69 1 (@77 1.000
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Anconeus Muscle
Arm Anterior Muscle
Brachialis Muscle
Coracobrachialis Muscle
Neck Lateral Muscle
Scalene Muscle Ant
Scalene Muscle Med

Scalene Muscle Post

(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

Internal

(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

N/A

N/A
N/A

N/A
N/A
N/A

(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

N/A

N/A
N/A

N/A
N/A
N/A
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Table 7 — Fat Infiltration

Gender Age Range
Overall Female Male p-value <S55years >55years p-value
Right
Shoulder Girdle Muscles
Pectoralis Major Muscle 1 32 0 (00 1 40 1.000 I (9 0 (0.0 1.000
Pectoralis Minor Muscle 1 32 0 (00 1 40 1.000 1 (9 0 (0.0 1.000
Subclavious Muscle 1 32 0 (00 1 40 1.000 I (9 0 (0.0 1.000
Serratus Anterior Muscle 3097 1 (167 2 (8.0 0.488 2 (118 1 (7. 1.000
Deltoid Muscle 5 (@6.1) 1 (16.7) 4 (16.0) 1.000 3 (17.6) 2 (14.3) 1.000
Shoulder Girdle Posterio Muscle
Trapezius Muscle 1 32 1 (@167 0 (0.0 0.194 0o (o 1 (71 0.452
Latissum Dorsi Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Levator Scapula Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (00 N/A
Rhomboid Major Muscle 1 32 0 (00 1 40 1.000 1 (9 0 (0.0 1.000
Rhomboid Minor Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (00 N/A
Teres Major Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Teres Minor Muscle 2 (65 1 (167) 1 (4.0 0.355 0 (.00 2 (143 0.196
Rotation Cuff Muscle
Supraspinatus Muscle 6 (194) 2 (333) 4 (16.0 0.567 2 (11.8) 4 (28.6) 0.370
Infraspinatus Muscle 5 (@6.1) 1 (6.7 4 (16.0) 1.000 3 (17.6) 2 (14.3) 1.000
Subscapularis Muscle 5 (@6.1) 2 (333) 3 (12.0 0.241 1 (59 4 (28.0) 0.148
Arm Posterior Muscle
Triceps Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Anconeus Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Arm Anterior Muscle
Brachialis Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (.0 0 (00 N/A
Coracobrachialis Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Neck Lateral Muscle
Scalene Muscle Ant 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Scalene Muscle Med 0 (0 0 (@0 0 (0.0 N/A 0 (.0 0 (00 N/A
Scalene Muscle Post 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Left
Shoulder Girdle Muscles
Pectoralis Major Muscle 2 (67 1 (2000 1 (4.0 0.310 r G99 1 @7 1.000
Pectoralis Minor Muscle 2 (67 1 (2000 1 (4.0 0.310 r G99 1 @7 1.000
Subclavious Muscle 2 (5 0 (o0 2 (@77 1.000 1 39 1 (@1 1.000
Serratus Anterior Muscle 3097 1 (2000 2 (7.7 0.422 1 (59 2 (143 0.576
Deltoid Muscle 4 (13.3) 2 (40.00 2 (8.0 0.119 2 (11.8) 2 (154 1.000
Shoulder Girdle Posterio Muscle
Trapezius Muscle 1 33 0 (00O 1 40 1.000 0o (o 1 (77 0.433
Latissum Dorsi Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (.0 0 (00 N/A
Levator Scapula Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Rhomboid Major Muscle 1 33 1 (20,00 0 (0.0 0.167 1 (9 0 (0.0 1.000
Rhomboid Minor Muscle 0 (0 0 (@0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A



Teres Major Muscle
Teres Minor Muscle
Rotation Cuff Muscle
Supraspinatus Muscle
Infraspinatus Muscle
Subscapularis Muscle
Arm Posterior Muscle
Triceps Muscle
Anconeus Muscle
Arm Anterior Muscle
Brachialis Muscle
Coracobrachialis Muscle
Neck Lateral Muscle
Scalene Muscle Ant
Scalene Muscle Med

Scalene Muscle Post

—_— O

12

(0.0)
(3.3)

(30.0)
(38.7)
(16.7)

3.3)
(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

0

Internal

(0.0)
(0.0)

(60.0)
(60.0)
(20.0)

(0.0)
(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

0
1

(0.0)
(4.0)

(24.0)
(34.6)
(16.0)

(4.0)
(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

N/A
1.000

0.143
0.350
1.000

1.000
N/A

N/A
N/A

N/A
N/A
N/A

(0.0)
(0.0)

(17.6)
(22.2)
(5.9)

(5.9)
(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

0
1

oo}

(0.0)
(1.7)

(46.2)
(61.5)
(30.8)

(0.0)
(0.0)

(0.0)
(0.0)

(0.0)
(0.0)
(0.0)

N/A
0.433

0.123
0.060
0.138

1.000
N/A

N/A
N/A

N/A
N/A
N/A
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Table 8 - Atrophy

Gender Age Range
Overall Female Male p-value <55years >55years p-value
Right
Shoulder Girdle Muscles
Pectoralis Major Muscle 0 (00 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Pectoralis Minor Muscle 0 (0 0 (0.0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Subclavious Muscle 0 (00 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Serratus Anterior Muscle 1 32 1 167 0 (0.0 0194 0 (.00 1 (7.1 0.452
Deltoid Muscle 4 (125) 0 (0.0) 4 ((154) 0566 2 (11.1) 2 (@(143) 1.000
Shoulder Girdle Posterio Muscle
Trapezius Muscle 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Latissum Dorsi Muscle 0 (00 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Levator Scapula Muscle 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Rhomboid Major Muscle 0 (00 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Rhomboid Minor Muscle 0 (0 0 (0.0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Teres Major Muscle 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Teres Minor Muscle 0 (0 0 (0.0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Rotation Cuff Muscle
Supraspinatus Muscle 8 (25.0)0 2 (333) 6 (23.1) 0625 3 (167) 5 (357 0.252
Infraspinatus Muscle 4 (129) 0 (0.0) 4 (16.00 0.561 1 39 3 (214 0.304
Subscapularis Muscle 5 (16.1) 2 (333) 3 (12.00 0.241 1 (59 4 (28.6) 0.148
Arm Posterior Muscle
Triceps Muscle 2 (5 0 (0.0 2 @8O0 1.0o00 1 (G9 1 (7.1 1.000
Anconeus Muscle 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Arm Anterior Muscle
Brachialis Muscle 1 32 0 (©o0 1 @40 1.000 0 (.00 1 (7.1 0.452
Coracobrachialis Muscle 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Neck Lateral Muscle
Scalene Muscle Ant 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Scalene Muscle Med 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Scalene Muscle Post 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Left
Shoulder Girdle Muscles
Pectoralis Major Muscle 1 33 0 (00 1 40 1.000 0 (0.0) 1 (7.7 0.433
Pectoralis Minor Muscle 1 33 0 (0 1 40 1.000 0 (0.0) 1 (7.7 0.433
Subclavious Muscle 0 (0 0 (0.0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Serratus Anterior Muscle 1 33 0 (0 1 40 1.000 0 (0.0) 1 (7.7 0.433
Deltoid Muscle 2 (7 0 (0.0 2 @80 1.0000 0 (0.0) 2 (154 0.179
Shoulder Girdle Posterio Muscle
Trapezius Muscle 1 33 0 (00 1 40 1.000 1 (59 0 (0.0 1.000
Latissum Dorsi Muscle 0 (0 0 (0.0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Levator Scapula Muscle 2 (7 1 (200 1 40 0310 1 (59 1 (@7 1.000
Rhomboid Major Muscle 0 (0 0 (0.0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Rhomboid Minor Muscle 0 (0 0 (.0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A



Internal

Teres Major Muscle 1 33 0 (0 1 40 1.000 0 (0.0) 1 (7.7 0.433

Teres Minor Muscle 1 33 0 (0 1 40 1.000 0 (0.0) 1 (7.7 0.433
Rotation Cuff Muscle

Supraspinatus Muscle 6 (2000 1 (200 S5 (200) 1000 1 (59 5 (385 0.061

Infraspinatus Muscle 6 (2000 1 (200 S5 (200) 1000 1 (59 5 (385 0.061

Subscapularis Muscle 3 (100) 0 (0.0) 3 (1200 1.000 0 (0.00 3 (23.1) 0.070
Arm Posterior Muscle

Triceps Muscle 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A

Anconeus Muscle 0 (0 0 (.00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Arm Anterior Muscle

Brachialis Muscle 0 (00 0 (00 0 (0.0 N/A 0 (0.0 0 (0.0 N/A

Coracobrachialis Muscle 0 (0 0 (0.0 0 (0.0 N/A 0 (0.0 0 (0.0 N/A
Neck Lateral Muscle

Scalene Muscle Ant 1 33 0 (0 1 40 1.000 0 (0.0) 1 (7.7 0.433

Scalene Muscle Med 1 33 0 (0 1 40 1.000 0 (0.0) 1 (7.7 0.433

Scalene Muscle Post 1 33 0 (0 1 40 1.000 0 (0.0) 1 (7.7 0.433

Table 9 — Nerve Involvement at EMG and MRI respectively

EMG
C5 Coé C7 C8
C5 18 16 8 4
Coé 25 28 14 6
MRI
(o) 17 19 11 5
C8 14 16 11 9

Table 10 — Nerve Characteristics by EMG and MRI, at Clinics

Total Pain No Pain _value Functional Impairment No Functional Impairment _value
(n = 36) (n=15) P =27 (n=24) P
Side
Right 51 412) 17472 4(26.7) 0.079 14 (51.9) 7(29.2) 0273
Left  50392) 15417 5(33.3) 9(33.3) 11 (45.8)
Both  19196)  4(1L1) 6 (40) 4(14.8) 6 (25)
EMGCS 38745  26(722) 12 (80) 0.730 20 (74.1) 18 (75) 1.000
EMGC6 45 (824)  30(83.3) 12 (80) 1.000 22 (81.5) 20 (83.3) 1.000
EMGC7  531451)  15(41.7) 8(53.3) 0.542 11 (40.7) 12 (50) 0.580
EMGC8 15235  10(27.8) 2(13.3) 0.470 6(22.2) 6(25) 1.000
MRICS  50(392)  14(38.9) 6 (40) 1.000 10 (37) 10 (41.7) 0.780
MRIC6 35 627y  25(69.4) 7 (46.7) 0.203 18 (66.7) 14 (58.3) 0.575
MRICT 55 43.1) 16 (44.4) 6 (40) 1.000 13 (48.1) 9 (37.5) 0.573
MRIC8 50 (392) 16 (44.4) 4(26.7) 0.348 11 (40.7) 9 (37.5) 1.000
Note: Results are reported as relative frequencies and percentages, sample size of 51 patients.
Table 11 - Edema
Total Pain No Pain _value Functional No Functional Impairment _value
(n=36) (n=15) P Impairment (n = 27) (n=24) p
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Shoulder Girdle Muscles

Pectoralis Major Muscle

Grade 0 49(96.1)  34(94.4) 15 (100) 1.000 25 (92.6) 24 (100) 1.000
Grade 1 1(2) 1(2.8) 0 (0) 13.7) 0 (0)
Grade 2 1(2) 1(2.8) 0 (0) 13.7) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Pectorali Minor Muscle
Grade 0 49(96.1)  34(94.4) 15 (100) 1.000 25 (92.6) 24 (100) 1.000
Grade 1 1(2) 1(2.8) 0 (0) 13.7) 0 (0)
Grade 2 1(2) 1(2.8) 0 (0) 13.7) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Subclavius Muscle
Grade 0 50 (98) 35(97.2) 15 (100) 1.000 26 (96.3) 24 (100) 1.000
Grade 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2 1(2) 1(2.8) 0 (0) 13.7) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Serratus Anterior Muscle
Grade 0 44(86.3)  30(83.3) 14 (93.3) 0.756 22 (81.5) 22 (91.7) 0.671
Grade 1 6(11.8) 5(13.9) 1(6.7) 4(14.8) 2(8.3)
Grade 2 1(2) 1(2.8) 0 (0) 13.7) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Deltoid Muscle
Grade 0 31(60.8)  23(63.9) 8(53.3) 0.749 15 (55.6) 16 (66.7) 0.447
Grade 1 12 (23.5) 8 (22.2) 4(26.7) 6(22.2) 6 (25)
Grade 2 8(15.7) 5(13.9) 3(20) 6(22.2) 2(8.3)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Shoulder Girdle Posterior Muscle
Trapezius Muscle
Grade 0 42(82.4)  32(88.9) 10 (66.7) 0.026 24.(88.9) 18 (75) 0.129
Grade 1 6(11.8) 4(11.1) 2(13.3) 13.7) 5(20.8)
Grade 2 3(5.9) 0 (0) 3 (20) 2(7.4) 1(4.2)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Latissimus dorsi muscle
Grade 0 51(100) 36 (100) 15 (100) NA 27 (100) 24 (100) NA
Grade 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
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Grade 2 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Levator Scapula Muscle
Grade 0 50 (98) 35(97.2) 15 (100) 1.000 27 (100) 23 (95.8) 0.471
Grade 1 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2 1(2) 1(2.8) 0(0) 0 (0) 1(4.2)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Rhomboid Major Muscle
Grade 0 48 (94.1) 35(97.2) 13 (86.7) 0.203 26 (96.3) 22 (91.7) 0.595
Grade 1 3(5.9) 1(2.8) 2(13.3) 13.7) 2(8.3)
Grade 2 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Rhomboid Minor Muscle
Grade 0 49 (96.1) 35(97.2) 14 (93.3) 0.506 25 (92.6) 24 (100) 0.492
Grade 1 2(3.9) 1(2.8) 1(6.7) 2(7.4) 0(0)
Grade 2 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Teres Major Muscle
Grade 0 48 (94.1) 34 (94.4) 14 (93.3) 0.355 25 (92.6) 23 (95.8) 1.000
Grade 1 2(3.9) 2(5.6) 0(0) 13.7) 1(4.2)
Grade 2 1(2) 0(0) 1(6.7) 13.7) 0(0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Teres Minor Muscle
Grade 0 47 (92.2) 34 (94.4) 13 (86.7) 0.443 25 (92.6) 22 (91.7) 0.789
Grade 1 3(5.9) 2(5.6) 1(6.7) 13.7) 2(8.3)
Grade 2 1(2) 0(0) 1(6.7) 13.7) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Rotation Cuff Muscle
Supraspinatus Muscle
Grade 0 25 (49) 21 (58.3) 4(26.7) 0.121 14 (51.9) 11 (45.8) 0.628
Grade 1 15 (29.4) 9 (25) 6 (40) 6(22.2) 9(37.5)
Grade 2 10 (19.6) 5(13.9) 5(33.3) 6(22.2) 4(16.7)
Grade 3 1(2) 1(2.8) 0(0) 13.7) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)

Infraspinatus Muscle




Internal

Grade 0 28 (54.9) 24 (66.7) 4(26.7) 0.018 15 (55.6) 13 (54.2) 0.736
Grade 1 14 (27.5) 8(22.2) 6 (40) 6(22.2) 8 (33.3)
Grade 2 8 (15.7) 3(8.3) 5(33.3) 5(18.5) 3(12.5)
Grade 3 1(2) 1(2.8) 0(0) 13.7) 0(0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Subscapularis Muscle
Grade 0 36 (70.6) 27 (75) 9 (60) 0.429 17 (63) 19 (79.2) 0.411
Grade 1 13 (25.5) 8(22.2) 5(33.3) 9(33.3) 4(16.7)
Grade 2 2(3.9) 1(2.8) 1(6.7) 13.7) 1(4.2)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Arm Posterior Muscle
Triceps Muscle
Grade 0 44 (86.3) 31(86.1) 13 (86.7) 0.308 24 (88.9) 20 (83.3) 0.402
Grade 1 6 (11.8) 5(13.9) 1(6.7) 2(7.4) 4(16.7)
Grade 2 1(2) 0(0) 1(6.7) 13.7) 0(0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Anconeus Muscle
Grade 0 51 (100) 36 (100) 15 (100) NA 27 (100) 24 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Arm Anterior Muscle
Brachialis Muscle
Grade 0 51 (100) 36 (100) 15 (100) NA 27 (100) 24 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Coracobrachialis Muscle
Grade 0 51 (100) 36 (100) 15 (100) NA 27 (100) 24 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Neck Lateral Muscle
Scalene Muscle Ant
Grade 0 50 (98) 36 (100) 14 (93.3) 0.294 26 (96.3) 24 (100) 1.000
Grade 1 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
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Grade 2 1(2) 0 (0) 1(6.7) 13.7) 0 (0)
Grade 3 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0(0) 0 (0) 0 (0)

Scalene Muscle Med
Grade 0 51 (100) 36 (100) 15 (100) NA 27 (100) 24 (100)
Grade 1 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
Grade 2 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0(0) 0 (0) 0 (0)

Scalene Muscle Post

Grade 0 51 (100) 36 (100) 15 (100) NA 27 (100) 24 (100)
Grade 1 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
Grade 2 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0(0) 0 (0) 0 (0)

Note: Results are reported as relative frequencies and percentages. N/A: Statistical Test Not Applicable
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Table 12 — Fat Infiltration

Internal

Pain

No Pain

Functional

No Functional

Total (n.=36) =15 pvalue  airment (n=27)  Impairment n=24)  P7¥3lue
Shoulder Girdle Muscles
Pectoralis Major Muscle
Grade 0 4996.1)  35(972)  14(933) 0.506 26 (96.3) 23 (95.8) 1.000
Grade 1 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 2A 2(3.9) 1(2.8) 1(6.7) 13.7) 1(42)
Grade 2B 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 3 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 4 0(0) 0(0) 0(0) 0 (0) 0 (0)
Pectorali Minor Muscle
Grade 0 4996.1)  35(972)  14(933) 0.506 26 (96.3) 23 (95.8) 1.000
Grade 1 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 2A 2(3.9) 1(2.8) 1(6.7) 13.7) 1(42)
Grade 2B 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 3 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 4 0(0) 0(0) 0(0) 0 (0) 0 (0)
Subclavius Muscle
Grade 0 50(98)  35(972) 15 (100) 1.000 26 (96.3) 24 (100) 1.000
Grade 1 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 2A 12) 1(2.8) 0(0) 13.7) 0(0)
Grade 2B 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 3 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 4 0(0) 0(0) 0(0) 0 (0) 0 (0)
Serratus Anterior Muscle
Grade 0 48(94.1)  34(944)  14(933) 1.000 25 (92.6) 23 (95.8) 1.000
Grade 1 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 2A 3(5.9) 2(5.6) 1(6.7) 2(7.4) 1(42)
Grade 2B 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 3 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 4 0(0) 0(0) 0(0) 0 (0) 0 (0)
Deltoid Muscle
Grade 0 41(804)  31(86.1)  10(66.7) 0.218 20 (74.1) 21 (87.5) 0523
Grade 1 4(7.8) 2(5.6) 2(13.3) 3(1L1) 1(42)
Grade 2A 6(11.8) 3(8.3) 3 (20) 4(14.8) 2(83)
Grade 2B 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 3 0(0) 0(0) 0(0) 0 (0) 0 (0)
Grade 4 0(0) 0(0) 0(0) 0 (0) 0 (0)
Shoulder Girdle Posterior Muscle
Trapezius Muscle
Grade 0 48(94.1)  35(972)  13(86.7) 0.203 26 (96.3) 22 (91.7) 0.595
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Grade 1 3(5.9) 1(2.8) 2(13.3) 13.7) 2(8.3)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Latissimus dorsi muscle

Grade 0 51(100)  36(100) 15 (100) NA 27 (100) 24 (100) NA
Grade 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Levator Scapula Muscle

Grade 0 51(100)  36(100) 15 (100) NA 27 (100) 24 (100) NA
Grade 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Rhomboid Major Muscle
Grade 0 4996.1)  35(97.2)  14(933) 0.506 25 (92.6) 24 (100) 1.000
Grade 1 1(2) 0 (0) 1(6.7) 13.7) 0 (0)
Grade 2A 1(2) 1(2.8) 0 (0) 13.7) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Rhomboid Minor Muscle
Grade 0 50 (98) 36 (100) 14 (93.3) 0.294 26 (96.3) 24 (100) 1.000
Grade 1 1(2) 0 (0) 1(6.7) 13.7) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Teres Major Muscle

Grade 0 51(100)  36(100) 15 (100) NA 27 (100) 24 (100) NA
Grade 1 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0(0) 0 (0) 0 (0) 0 (0)

Teres Minor Muscle
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Grade 0 49 (96.1)  35(97.2) 14 (93.3) 0.506 26 (96.3) 23 (95.8) 1.000
Grade 1 2(3.9) 1(2.8) 1(6.7) 13.7) 1(42)
Grade 2A 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Rotation Cuff Muscle
Supraspinatus Muscle
Grade 0 35(68.6)  30(83.3) 5(33.3) 0.001 18 (66.7) 17 (70.8) 0.511
Grade 1 1121.6)  4(11.1) 7 (46.7) 7(25.9) 4(16.7)
Grade 2A 3(5.9) 2(5.6) 1(6.7) 2(7.4) 1(42)
Grade 2B 2(3.9) 0(0) 2(13.3) 0(0) 2(8.3)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Infraspinatus Muscle
Grade 0 34(66.7) 27 (75) 7 (46.7) 0.128 18 (66.7) 16 (66.7) 0.827
Grade 1 8(15.7) 4(11.1) 4(26.7) 4(14.8) 4(16.7)
Grade 2A 6(11.8) 4(11.1) 2(13.3) 4(14.8) 2(8.3)
Grade 2B 3(5.9) 1(2.8) 2(13.3) 13.7) 2(8.3)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Subscapularis Muscle
Grade 0 38(74.5)  30(83.3) 8(53.3) 0.095 21 (77.8) 17 (70.8) 0.647
Grade 1 8 (15.7) 4(11.1) 4(26.7) 4(14.8) 4(16.7)
Grade 2A 3(5.9) 1(2.8) 2(13.3) 2(7.4) 1(42)
Grade 2B 2(3.9) 1(2.8) 1(6.7) 0(0) 2(8.3)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Arm Posterior Muscle
Triceps Muscle
Grade 0 51 (100) 36 (100) 15 (100) NA 27 (100) 24 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Anconeus Muscle
Grade 0 51 (100) 36 (100) 15 (100) NA 27 (100) 24 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
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Grade 3 0(0) 0(0) 0(0) 0(0) 0(0)
Grade 4 0(0) 0(0) 0(0) 0(0) 0(0)
Arm Anterior Muscle

Brachialis Muscle

Grade 0 51(100)  36(100) 15 (100) NA 27 (100) 24 (100)
Grade 1 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0(0) 0 (0) 0 (0) 0 (0)

Coracobrachialis Muscle

Grade 0 51(100)  36(100) 15 (100) NA 27 (100) 24 (100)
Grade 1 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Neck Lateral Muscle

Scalene Muscle Ant

Grade 0 51(100)  36(100) 15 (100) NA 27 (100) 24 (100)
Grade 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Scalene Muscle Med
Grade 0 51(100)  36(100) 15 (100) NA 27 (100) 24 (100)
Grade 1 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Scalene Muscle Post

Grade 0 51(100)  36(100) 15 (100) NA 27 (100) 24 (100)
Grade 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0(0) 0 (0) 0 (0) 0 (0)

Note: Results are reported as relative frequencies and percentages. N/A: Statistical Test Not Applicable
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Table 13 - Atrophy

Total Pfin No_Pain p-value Functional_lmpairment No' Functionfl p-value
(n=36) (n=15) (n=27) Impairment (n = 24)

Shoulder Girdle Muscles
Pectoralis Major Muscle 4(7.8) 3(8.3) 1(6.7) 1.000 2(7.4) 2(8.3) 1.000
Pectoralis Minor Muscle 4(7.8) 3(8.3) 1(6.7) 1.000 2(7.4) 2(8.3) 1.000
Subclavious Muscle 1(2) 1(2.8) 0(0) 1.000 1(3.7) 0(0) 1.000
Serratus Anterior Muscle 4(7.8) 4 (11.1) 0(0) 0.307 3(11.1) 1(4.2) 0.612
Deltoid Muscle 11(21.6) 7(19.4) 4(26.7) 0.711 8(29.6) 3(12.5) 0.182
Shoulder Girdle Posterio Muscle
Trapezius Muscle 3(5.9) 2 (5.6) 1(6.7) 1.000 2(7.4) 14.2) 1.000
Latissum Dorsi Muscle 0(0) 0(0) 0(0) NA 0(0) 0(0) NA
Levator Scapula Muscle 2(3.9) 0(0) 2(13.3) 0.082 1(3.7) 14.2) 1.000
Rhomboid Major Muscle 0(0) 0(0) 0(0) NA 0(0) 0(0) NA
Rhomboid Minor Muscle 0(0) 0(0) 0(0) NA 0 (0) 0(0) NA
Teres Major Muscle 2(3.9) 2 (5.6) 0(0) 1.000 2(7.4) 0(0) 0.492
Teres Minor Muscle 2(3.9) 1(2.8) 1(6.7) 0.506 2(7.4) 0(0) 0.492
Rotation Cuff Muscle
Supraspinatus Muscle 21(412) 11(30.6) 10(66.7) 0.028 12 (44.4) 9(37.5) 0.777
Infraspinatus Muscle 15(29.4) 8(22.2) 7 (46.7) 0.101 8(29.6) 7(29.2) 1.000
Subscapularis Muscle 13 (25.5) 7(19.4) 6 (40) 0.164 8(29.6) 5(20.8) 0.534
Arm Posterior Muscle
Triceps Muscle 2(3.9) 2(5.6) 0(0) 1.000 1(3.7) 1(4.2) 1.000
Anconeus Muscle 0(0) 0(0) 0(0) NA 0(0) 0(0) NA
Arm Anterior Muscle
Brachialis Muscle 1(2) 0(0) 1(6.7) 0.294 1(3.7) 0(0) 1.000
Coracobrachialis Muscle 0(0) 0(0) 0(0) NA 0(0) 0(0) NA
Neck Lateral Muscle
Scalene Muscle Ant 1(2) 0(0) 1(6.7) 0.294 0(0) 14.2) 0.471
Scalene Muscle Med 1(2) 0(0) 1(6.7) 0.294 0(0) 14.2) 0.471
Scalene Muscle Post 1(2) 0(0) 1(6.7) 0.294 0(0) 14.2) 0.471

Note: Results are reported as relative frequencies and percentages. N/A: Statistical Test Not Applicable

Tablel4 — Nerve characteristics by EMG Findings

EMG Neurogenic Impairment EMG Denervation Activity

Yes(n=41) No(m=10) p-value Yes(n=41) No(n=10) p-value

Side
Right 17 (41.5) 4 (40) 1.000 5(50) 16 (39) 0.816
Left 16 (39) 4 (40) 4 (40) 16 (39)
Both 8(19.5) 2(20) 1(10) 9(22)
EMG C5 31 (75.6) 7 (70) 0.701 7(70) 31(75.6) 0.701
EMG Cé6 34 (82.9) 8 (80) 1.000 9 (90) 33 (80.5) 0.667
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EMGC7 19 (46.3) 4 (40) 1.000 7(70) 16 (39) 0.154
EMGC8  11(268) 1 (10) 0417 4 (40) 8(19.5) 0218
MRI C5 17 (41.5) 3(30) 0.721 2(20) 18(439)  0.280
MRIC6 27 (65.9) 5 (50) 0.470 5(50) 27(65.9) 0470
MRI C7 19 (46.3) 3(30) 0.483 4 (40) 18(439)  1.000
MRI C8 18 (43.9) 2(20) 0.280 4 (40) 16 (39) 1.000

Note: Results are reported as relative frequencies and percentages. N/A: Statistical Test Not Applicable

Table 15 - Edema

EMG Neurogenic Impairment EMG Denervation Activity

Yes(n=41) No(m=10) p-value Yes(n=41) No(n=10) p-value

Shoulder Girdle Muscles

Pectoralis Major Muscle

Grade 0 39.(95.1) 10 (100)  1.000 10 (100) 3995.1)  1.000
Grade 1 1(24) 0 (0) 0 (0) 1(2.4)

Grade 2 1(24) 0 (0) 0 (0) 1(2.4)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Pectorali Minor Muscle

Grade 0 39.(95.1) 10 (100)  1.000 10 (100) 3995.1)  1.000
Grade 1 1(24) 0 (0) 0 (0) 1(2.4)

Grade 2 1(24) 0 (0) 0 (0) 1(2.4)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Subclavius Muscle

Grade 0 40 (97.6) 10(100)  1.000  10(100) 40 (97.6)  1.000
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)

Grade 2 1(24) 0 (0) 0 (0) 1(2.4)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Serratus Anterior Muscle

Grade 0 36 (87.8) 8 (80) 0.667 9 (90) 35(85.4)  1.000
Grade 1 4(9.8) 2(20) 1(10) 5(122)

Grade 2 1(2.4) 0 (0) 0(0) 1(2.4)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Deltoid Muscle

Grade 0 25 (61) 6 (60) 0.785 5 (50) 26(634)  0.683
Grade 1 9(22) 3(30) 3(30) 9(22)

Grade 2 7(17.1) 1(10) 2(20) 6 (14.6)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
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Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Shoulder Girdle Posterior Muscle
Trapezius Muscle
Grade 0 32 (78) 10 (100)  0.486 8 (80) 34(82.9)  0.091
Grade 1 6 (14.6) 0 (0) 0 (0) 6 (14.6)
Grade 2 3(73) 0 (0) 2(20) 1(2.4)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Latissimus dorsi muscle
Grade 0 41 (100) NA 10 (100) NA
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Levator Scapula Muscle
Grade 0 40 (97.6) 10 (100)  1.000 10 (100) 40 (97.6)  1.000
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2 1(24) 0 (0) 0 (0) 1(2.4)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Rhomboid Major Muscle
Grade 0 39 (95.1) 9.(90) 0.488 9.(90) 39(95.1)  0.488
Grade 1 2(4.9) 1(10) 1(10) 2 (4.9)
Grade 2 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Rhomboid Minor Muscle
Grade 0 40 (97.6) 9.(90) 0.357 9.(90) 40(97.6) 0357
Grade 1 1(2.4) 1(10) 1(10) 1(2.4)
Grade 2 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Teres Major Muscle
Grade 0 38 (92.7) 10 (100)  1.000 9.(90) 3995.1)  0.226
Grade 1 2(4.9) 0 (0) 0 (0) 2(4.9)
Grade 2 1(2.4) 0 (0) 1(10) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Teres Minor Muscle
Grade 0 37/(90.2) 10 (100)  1.000 10 (100) 37(90.2)  1.000
Grade 1 3(73) 0 (0) 0 (0) 3(7.3)
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Grade 2 1(2.4) 0 (0) 0(0) 1(2.4)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Rotation Cuff Muscle
Supraspinatus Muscle
Grade 0 21 (51.2) 4 (40) 0.367 5(50) 20(48.8)  0.726
Grade 1 12 (29.3) 3 (30) 4 (40) 11 (26.8)
Grade 2 8 (19.5) 2(20) 1(10) 9(22)
Grade 3 0 (0) 1(10) 0 (0) 1(2.4)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Infraspinatus Muscle
Grade 0 23 (56.1) 5(50) 0.273 5(50) 23(56.1)  0.693
Grade 1 12 (29.3) 2(20) 4 (40) 10 (24.4)
Grade 2 6 (14.6) 2(20) 1(10) 7(17.1)
Grade 3 0 (0) 1(10) 0 (0) 1(2.4)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Subscapularis Muscle
Grade 0 29 (70.7) 7(70) 0.519 8 (80) 28(68.3) 0813
Grade 1 11 (26.8) 2(20) 2(20) 11 (26.8)
Grade 2 1(2.4) 1(10) 0 (0) 2(4.9)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Arm Posterior Muscle
Triceps Muscle
Grade 0 36 (87.8) 8 (80) 0.667 7(70) 37(90.2)  0.066
Grade 1 4(9.8) 2 (20) 2(20) 4(9.8)
Grade 2 1(2.4) 0(0) 1(10) 0(0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Anconeus Muscle
Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0)
Grade 2 0(0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Arm Anterior Muscle
Brachialis Muscle
Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0)
Grade 2 0(0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
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Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Coracobrachialis Muscle
Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0)
Grade 2 0(0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Neck Lateral Muscle
Scalene Muscle Ant
Grade 0 40 (97.6) 10 (100) 1.000 9 (90) 41 (100) 0.196
Grade 1 0(0) 0 (0) 0 (0) 0 (0)
Grade 2 1(2.4) 0(0) 1(10) 0(0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Scalene Muscle Med
Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0)
Grade 2 0(0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Scalene Muscle Post
Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0)
Grade 2 0(0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)

Note: Results are reported as relative frequencies and percentages. N/A: Statistical Test Not Applicable
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Table 16 — Fat Infiltration

EMG Neurogenic Impairment EMG Denervation Activity

Yes(n=41) No(m=10) p-value Yes(n=41) No(n=10) p-value

Shoulder Girdle Muscles

Pectoralis Major Muscle

Grade 0 39 (95.1) 10 (100)  1.000 10 (100) 3995.1)  1.000
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)

Grade 2A 2(4.9) 0 (0) 0 (0) 2(4.9)

Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Pectorali Minor Muscle

Grade 0 39 (95.1) 10 (100)  1.000 10 (100) 3995.1)  1.000
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)

Grade 2A 2(4.9) 0 (0) 0 (0) 2(4.9)

Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Subclavius Muscle

Grade 0 40 (97.6) 10 (100)  1.000 10 (100) 40 (97.6)  1.000
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)

Grade 2A 1(2.4) 0(0) 0 (0) 1(2.4)

Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Serratus Anterior Muscle

Grade 0 38 (92.7) 10 (100)  1.000 10 (100) 38(92.7)  1.000
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)

Grade 2A 3(73) 0 (0) 0 (0) 3(7.3)

Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Deltoid Muscle

Grade 0 32 (78) 9.(90) 0.544 9.(90) 32 (78) 0.544
Grade 1 3(73) 1(10) 1(10) 3(73)

Grade 2A 6 (14.6) 0 (0) 0 (0) 6 (14.6)

Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Shoulder Girdle Posterior Muscle

Trapezius Muscle
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Grade 0 38 (92.7) 10 (100)  1.000 9.(90) 39(95.1)  0.488
Grade 1 3(73) 0 (0) 1(10) 2(4.9)

Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)

Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3 0 (0) 0 (0) 0 (0) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Latissimus dorsi muscle

Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Levator Scapula Muscle

Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Rhomboid Major Muscle
Grade 0 40 (97.6) 9.(90) 0357 9.(90) 40 (97.6) 0357
Grade 1 0 (0) 1(10) 1(10) 0 (0)
Grade 2A 1(2.4) 0 (0) 0 (0) 1(2.4)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
Rhomboid Minor Muscle
Grade 0 41 (100) 9.(90) 0.196 9.(90) 41(100)  0.196
Grade 1 0 (0) 1(10) 1(10) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Teres Major Muscle

Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)
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Teres Minor Muscle

Grade 0 39 (95.1) 10 (100) 1.000 10 (100) 39 (95.1) 1.000
Grade 1 2(4.9) 0(0) 0 (0) 2(4.9)
Grade 2A 0(0) 0 (0) 0 (0) 0 (0)
Grade 2B 0(0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Rotation Cuff Muscle
Supraspinatus Muscle
Grade 0 28 (68.3) 7(70) 0.541 6 (60) 29 (70.7) 0.483
Grade 1 9(22) 2 (20) 3 (30) 8 (19.5)
Grade 2A 3(7.3) 0(0) 0(0) 3(7.3)
Grade 2B 1(2.4) 1(10) 1(10) 1(2.4)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Infraspinatus Muscle
Grade 0 28 (68.3) 6 (60) 0.121 6 (60) 28 (68.3) 0.121
Grade 1 6 (14.6) 2(20) 2(20) 6 (14.6)
Grade 2A 6 (14.6) 0(0) 0 (0) 6 (14.6)
Grade 2B 1(2.4) 2(20) 2(20) 1(2.4)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Subscapularis Muscle
Grade 0 30(73.2) 8 (80) 0.616 7(70) 31(75.6) 0.555
Grade 1 7(17.1) 1(10) 3(30) 5(12.2)
Grade 2A 3(7.3) 0(0) 0(0) 3(7.3)
Grade 2B 1(2.4) 1(10) 0 (0) 2(4.9)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Arm Posterior Muscle
Triceps Muscle
Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0)
Grade 2A 0(0) 0 (0) 0 (0) 0 (0)
Grade 2B 0(0) 0 (0) 0 (0) 0 (0)
Grade 3 0(0) 0 (0) 0 (0) 0 (0)
Grade 4 0(0) 0 (0) 0 (0) 0 (0)
Anconeus Muscle
Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100) NA
Grade 1 0(0) 0 (0) 0 (0) 0 (0)
Grade 2A 0(0) 0 (0) 0 (0) 0 (0)
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Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Arm Anterior Muscle

Brachialis Muscle

Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100)
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Coracobrachialis Muscle

Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100)
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Neck Lateral Muscle

Scalene Muscle Ant

Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100)
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Scalene Muscle Med
Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100)
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Scalene Muscle Post

Grade 0 41 (100) 10 (100) NA 10 (100) 41 (100)
Grade 1 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2A 0 (0) 0 (0) 0 (0) 0 (0)
Grade 2B 0 (0) 0 (0) 0 (0) 0 (0)
Grade 3 0 (0) 0 (0) 0 (0) 0 (0)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Note: Results are reported as relative frequencies and percentages. N/A: Statistical Test Not Applicable
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Table 17- Atrophy

EMG Neurogenic Impairment EMG Denervation Activity

Yes(n=41) No(n=10) p-value Yes(n=41) No(n=10) p-value

Shoulder Girdle Muscles

Pectoralis Major Muscle 3(7.3) 1(10) 1.000 0(0) 4(9.8) 0.573
Pectoralis Minor Muscle 3(7.3) 1(10) 1.000 0(0) 4(9.8) 0.573
Subclavious Muscle 1(24) 0(0) 1.000 0(0) 1(2.4) 1.000
Serratus Anterior Muscle 4(9.8) 0(0) 0.573 0(0) 4(9.8) 0.573
Deltoid Muscle 10 (24.4) 1(10) 0.428 1 (10) 10(24.4) 0428

Shoulder Girdle Posterio Muscle

Trapezius Muscle 2(4.9) 1(10) 0.488 0(0) 3(7.3) 1.000
Latissum Dorsi Muscle 0(0) 0(0) NA 0(0) 0(0) NA
Levator Scapula Muscle 1(24) 1(10) 0.357 0(0) 2 (4.9) 1.000
Rhomboid Major Muscle 0(0) 0(0) NA 0(0) 0(0) NA
Rhomboid Minor Muscle 0(0) 0(0) NA 0(0) 0(0) NA
Teres Major Muscle 1(24) 1(10) 0.357 0(0) 2 (4.9) 1.000
Teres Minor Muscle 1(24) 1(10) 0.357 0(0) 2 (4.9) 0.357

Rotation Cuff Muscle

Supraspinatus Muscle 17 (41.5) 4 (40) 1.000 4 (40) 17 (41.5) 1.000
Infraspinatus Muscle 10 (24.4) 5(50) 0.135 3(30) 12 (29.3) 1.000
Subscapularis Muscle 10 (24.4) 3 (30) 0.701 3(30) 10 (24.4) 0.701

Arm Posterior Muscle

Triceps Muscle 1(24) 1(10) 0.357 2(20) 0(0) 0.035

Anconeus Muscle 0(0) 0(0) NA 0(0) 0(0) NA

Arm Anterior Muscle

Brachialis Muscle 1(24) 0(0) 1.000 0(0) 1(2.4) 1.000
Coracobrachialis Muscle 0(0) 0(0) NA 0(0) 0(0) NA
Neck Lateral Muscle

Scalene Muscle Ant 0(0) 1(10) 0.196 0(0) 1(2.4) 1.000
Scalene Muscle Med 0(0) 1(10) 0.196 0(0) 1(2.4) 1.000
Scalene Muscle Post 0(0) 1(10) 0.196 0(0) 1(2.4) 1.000

Note: Results are reported as relative frequencies and percentages. N/A: Statistical Test Not Applicable

Table 18 — Brachial Nerve Root Diameter, Area and Signal Intensity — Control vs. PTS*

Total (n = 76) Healthy Subjects (CTL) (n =25) Patients with PTS (PTS) (n = 51)
CSA (mm) AR (mm?) MED CSA (mm) AR (mm?) MED CSA (mm) AR (mm?) MED
cs Right
3.3+0.9 17.947.5 151.5+68.3 2.840.4 14.4433 131+41.8 4.4+0.7 25.948.3 197.9+93.4
(2-5.4) (9.7-40.8) (68-387) (2-3.4) (9.7-22.3) (68-215) (3.2-5.4) (15.1-40.8) (86-387)
[3.2.7-3.7] [15.4,12.6-21.3] [138,104-158.5] [2.9,2.4-3] [14.4,11.7-16.3] [123,101-153] [4.53.9-5.1] [24.6,19-29.8] [153,137-283]
Left
3.240.8 15.745.7 148+59.4 2.7+0.4 12.842.6 129.4+42.1 4.1£0.7 20.5+6.3 178.9+71.6
(1.9-4.9) (7.2-35.5) (52-365) (1.9-3.3) (7.2-19.8) (52-213) (2.7-4.9) (11.5-35.5) (102-365)
[3.1.2.6-3.9] [13.8,11.9-18.4] [141,106.5-178] [2.7,2.4-3] [12.8,11.7-13.8] [124,100-161] [4.2,3.5-4.7] [19.5,17-22.1] [164,117-215]
C6 Right
3.940.9 24.649.8 183.4460.4 3.240.5 18.6+4.8 167.6+44.6 4.7+0.7 32.149.1 203.2472
(2.3-5.6) (9-49.1) (94-370) (2.3-4.4) (9.9-31.2) (99-280) (3.2-5.6) (9-49.1) (94-370)
[3.6,3-4.6] [21.7,17.3-31.2] [175,139-212] [3.3.2.9-3.5] [18.5,15.2-20.5] [156,133-201] [4.9.42-52] [31.5.27.2-38.7] [180,161.5-256.5]
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Internal

Left
3.6+0.8 21.848.5 181.9457.2 3.1+0.4 17.5+4.6 175.2454.5 4.3+0.7 27.449.3 190.7+61
(2.1-5.3) (8.5-45.7) (81.3-325) (2.1-4) (8.5-25.6) (81.3-275) (33-5.3) (11.2-45.7) (87-325)
[3.4,3-4] [20.4,15.3-25.9] [182.5,132-220.5] [3.1.2.8-33] [16.5,14.7-20.6] [170,131-211] [4.1,3.7-4.9] [28.2,18.6-34] [194,146-239]
Cc7 Right
3.7+1 24.3+10.6 189.4+61 3.1+0.5 19.146.4 172.4+46.7 4.8+0.8 34.3+10.1 222.2+73.1
(2-6.4) (10.1-54.4) (85-348) (2-4.9) (10.1-31.7) (101-316) (3.3-6.4) (17.3-54.4) (85-348)
[3.3,3-43] [22.9,14.7-31] [187,148-211] [3.2.9-32] [20.3,13.3-23.3] [173,136-205] [4.7.42-5.5] [34.2,27.7-37.4] [216,170-276]
Left
3.8+1 23.7+9 188.4452.8 3.240.6 19.246.3 177.4+48.2 4.840.6 31.747.3 208+56.6
(2.1-6.1) (10-44.2) (87-297) (2.1-4.5) (10-31.4) (87-285) (3.7-6.1) (19-44.2) (114-297)
[3.6,3-4.5] [24,16.4-29] [183,150-222] [3.1.2.8-3.5] [18.7,14.1-25.7] [181,144-204] [4.9.4.4-52] [32.2.26.2-36.7] [203.5,163-250]
C8 Right
3.740.9 25.649.7 186.2463.3 3.240.6 20.5+5.9 174.5£63.1 4.7+0.5 34.648.5 207.2+60.3
(2.1-5.6) (10.7-49.8) (72-309) (2.1-4.2) (10.7-32.9) (72-300) (3.8-5.6) (19.6-49.8) (130-309)
[3.7,3-4.5] [25,17.2-31.1] [184,136-245] [3.2.2.9-3.6] [19,16.1-25.4] [172,117-219] [4.7.4.5-4.9] [34.2,28.3-41.1] [203,155-245]
Left
3.7+1 24.5£10 185.8+61.8 3.240.4 20+6.2 172.9+47.3 4.9+0.9 34+9.9 212.5+80.4
(22-6.4) (10.7-50.5) (88-366) (22-3.9) (10.7-36.2) (88-253) (3.2-6.4) (16.9-50.5) (116-366)
[3.3.3.1-4.5] [22.3,18.1-31.9] [180,137-217] [3.1,3-34] [19.5,15.3-22.3] [165,137-206] [4.9.4.5-5.5] [34.8.26.1-39.8] [186,149-289.5]

* Results are reported as means + standard deviation, with the range in round brackets. Results in squared brackets are median and interquartile

range.

Table 19 — Brachial Nerve Root Diameter, Areas and T2 Signal Intensity — Comparison between
pathological and non-pathological nerve roots in patients with PTS*

Total Nerve Roots (n =412)

Non-Pathological Nerve Roots (no PTS) (n = 290)

Pathological Nerve Roots (PTS) (n = 122)

CSA (mm) AR (mm?) MED CSA (mm) AR (mm?) MED CSA (mm) AR (mm?) MED
4:0.8 21.3+7.9 178.5:77.4 3.840.7 20£7.3 1732727 44207 25.9+8.3 197.9293.4
Right (2.4-5.6) (7.9-40.8) (66-387) (2.4-5.6) (7.9-38.7) (66-375) (3.2-5.4) (15.1-40.8) (86-387)
[3.9,3.4-4.5] [20,15.6-26.6] [158,121-209] [3.9,3.4-4.3] [19.5,14.6-25.2] [164,120-197] [4.5,3.9-5.1] [24.6,19-29.8] [153,137-283]
cs
3.9:0.6 20.746.2 169.6:55.6 3.9:0.6 20.746.3 165.7+48.8 41207 20.5+6.1 178+69.3
Left (2.4-5.3) (7.3-35.5) (77-365) (2.4-5.3) (7.3-32.8) (77-261) (2.7-4.9) (11.5-35.5) (102-365)
[4,3.5-4.3] [20.3,17-23.5] [158,127-211] [3.9,3.5-4.2] [20.3,16.3-25.3] [150,127-211] [4.3,3.6-4.7) [20.1,17.1-21.8] [164,128.5-205]
4.3:0.8 26.9+9.5 203.4+69.6 41208 23.3+8.1 203.6£69.2 47207 32.1£9.1 203.2¢72
Right (2.6-7) (9-49.1) (94-426) (2.6-7) (11.3-47.7) (97-426) (3.2-5.6) (9-49.1) (94-370)
[4.3,3.8-4.8] [26.1,20.9-31.8] [198,154-240] [4.1,3.4-4.5] [22.6,18-27.5] [199,151-225] [4.9,4.2-5.2] [31.4,27.1-38.7] [180,161.5-256.5]
ce
4.2:06 25:8.3 200.8+69.2 4.2:0.7 23.247.3 212.6£67.3 4.3:0.7 27.749.1 182.5:69.8
Left (2.9-5.9) (10.9-45.7) (26.2-409) (2.9-5.9) (10.9-37) (106-409) (3.3-5.3) (11.2-45.7) (26.2-325)
[4.3,3.8-4.5] [23.8,18.6-31.6] [191,159-239] [4.3,4-4.5] [22.8,18.2-28.9] [191,168-271] [4.3,3.7-4.9] [29.2,20.4-33.5] [186,134.5-231.5]
4.3:0.8 28.3£9.2 220.1£67.2 41207 26.247.9 219.4+66 4.8:0.8 34.310.1 222.2+73.1
Right (2.7-6.4) (12-54.4) (85-406) (2.7-5.7) (12-45.2) (90-406) (3.3-6.4) (17.3-54.4) (85-348)
[4.3,3.9-4.8] [28,20.3-34.2] [215,177-268] [4.1,3.7-4.5] [25.6,19.5-32] [214,179-258] [4.7,4.2-5.5] [34.2,27.7-37.4] [216,170-276]
c7
4.451 26.4+7.3 208+63.3 4.221 24.3+6.4 212.4461.6 4.8:0.6 31.3+7.1 197.5:68.1
Left (2.9-8.8) (12.3-47.2) (50.5-415) (2.9-8.8) (12.3-47.2) (135-415) (3.7-6.1) (19-44.2) (50.5-297)
[4.3,3.8-4.5] [26.2,21.8-30.3] [200,163-247] [4,3.8-4.4] [23.4,21.2-27.3] [199,170-243] [4.8,4.4-5.2] [30.6,26.2-36.7] [201,150-250]
4.4:06 30.1+8.6 220.5¢75.5 4.3:0.6 28.3+8.1 225.7+80.8 47205 34.6:8.5 207.2460.3
Right (3.2-6) (16.2-49.8) (103-440) (3.2-6) (16.2-45) (103-440) (3.8-5.6) (19.6-49.8) (130-309)
[4.3,3.9-4.8] [28.4,22.4-37.3] [203.5,163-276] [4.2,3.9-4.6] [27.1,21.8-35.2] [204,163.5-281.5] [4.7,4.5-4.9] [34.2,28.3-41.1] [203,155-245]
cs
4.3:0.8 27.5¢9.8 213.9+68.1 41206 24.9+8.1 215.7465.4 5x1 35.2£10.5 208.5:78.3
Left (2.8-6.4) (12.7-51.1) (98-409) (2.8-5.7) (12.7-51.1) (98-409) (3.2-6.4) (16.9-50.5) (116-366)
[4.3,3.8-4.7) [26.1,20.5-34.5] [196,169-257] [4.2,3.7-4.3] [24.8,18.6-29.2] [203,175-253] [5,4.5-5.6] [35,26.6-42.1] [180,161-284]

* Results are reported as means * standard deviation, with the range in round brackets. Results in squared brackets are median and interquartile

range.
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