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Role of Ultrasonography and Magnetic Resonance Imaging in the Evaluation of Neuromuscular Pathologies at a Tertiary Care 
Hospital in India 

Abstract 
Background: Neuromuscular disorders comprise a heterogeneous group of conditions affecting peripheral nerves and 
skeletal muscles. Imaging has an increasingly important role in lesion localization, characterization, assessment of disease 
extent, and treatment planning. High-resolution ultrasonography (USG) provides rapid, dynamic, and high-resolution 
evaluation of superficial nerves and muscles, whereas magnetic resonance imaging (MRI) provides excellent soft-tissue 
contrast, multiplanar assessment, and visualization of deep structures. 
Aim: To evaluate the role of USG and MRI in the diagnosis and characterization of neuromuscular pathologies. 
Materials and Methods: This prospective observational study included 50 patients presenting with clinical features 
suggestive of neuromuscular pathology who underwent both high-resolution USG and MRI. USG assessment included nerve 
caliber, cross-sectional area, echotexture, fascicular pattern, continuity, vascularity, muscle architecture, and dynamic 
abnormalities. MRI assessment included nerve morphology and signal intensity, muscle edema, fatty infiltration, atrophy, 
structural abnormalities, and associated soft-tissue or osseous findings. Imaging findings were correlated with the final 
diagnosis established clinically. 
Results: USG and MRI demonstrated complementary diagnostic utility across the spectrum of neuromuscular disorders. 
USG was particularly useful for superficial peripheral nerve abnormalities, entrapment neuropathies, focal nerve 
enlargement, traumatic nerve lesions, and dynamic assessment. MRI was advantageous for deep-seated lesions, evaluation of 
disease extent, muscle edema, denervation changes, fatty infiltration, and associated structural abnormalities. 
Conclusion: USG and MRI are complementary modalities in neuromuscular imaging. USG provides accessible, dynamic, 
high-resolution assessment of superficial nerves and muscles, while MRI provides comprehensive evaluation of deeper 
structures and secondary muscle changes. Their integrated use can improve lesion localization and characterization. 
Keywords: Denervation, Magnetic resonance imaging, Muscle, Neuromuscular disorders, Neuropathy, Peripheral nerve, 
Ultrasonography 
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Introduction 
Neuromuscular disorders comprise a broad spectrum of 
diseases involving peripheral nerves and skeletal muscles. 
Accurate localization and characterization of these 
abnormalities are essential for diagnosis, prognostication, 
and appropriate treatment planning [1–5]. 
Traditionally, clinical examination and electrodiagnostic 
studies, including nerve conduction studies and 
electromyography, have been central to the evaluation of 
neuromuscular disorders. However, these techniques 
predominantly provide functional information and may 
have limitations in directly demonstrating the underlying 
structural abnormality. Advances in high-resolution 
ultrasonography and magnetic resonance imaging have 
considerably expanded the role of imaging in 
neuromuscular disease [6,7,8]. 
High-resolution USG allows direct visualization of 
superficial peripheral nerves and muscles. Normal 

peripheral nerves demonstrate a characteristic fascicular 
appearance, with hypoechoic fascicles surrounded by 
hyperechoic connective tissue. Pathological processes 
may result in nerve enlargement, altered echogenicity, 
loss of normal fascicular architecture, discontinuity, or 
abnormal vascularity. USG also permits real-time 
dynamic examination and comparison with the 
contralateral side [9,10,11]. 
MRI provides excellent soft-tissue contrast and a large 
field of view and can evaluate both superficial and deep 
neuromuscular structures. Abnormal peripheral nerves 
may demonstrate enlargement and increased signal 
intensity on fluid-sensitive sequences. MRI is particularly 
valuable for demonstrating muscle denervation, which 
may manifest as edema-like signal abnormalities in the 
acute or subacute phase and as muscle atrophy and fatty 
replacement in chronic disease [12,13,14,15]. 
Although both modalities are increasingly employed in 
clinical practice, their relative and complementary roles 
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require systematic evaluation. The present study was 
undertaken to assess the utility of USG and MRI in 
patients presenting with neuromuscular pathologies. 
Aim and Objectives 
Aim: To evaluate the role of ultrasonography and 
magnetic resonance imaging in the diagnosis and 
characterization of neuromuscular pathologies. 
1. To characterize the ultrasonographic findings in 
various neuromuscular pathologies. 
2. To characterize the MRI findings in 
neuromuscular pathologies. 
3. To compare USG and MRI findings with the final 
diagnosis. 
4. To evaluate the complementary role of USG and 
MRI in lesion localization and characterization. 
Materials and Methods 
Study design 
This prospective observational study was conducted in the 
Department of Radiodiagnosis at Tertiary Care Institute 
of India over a period of one year, from July 2025 to June 
2026. 
Study population 
The study included 50 patients presenting with suspected 
neuromuscular pathology and undergoing evaluation with 
both USG and MRI. 
Inclusion criteria 
Patients presenting with clinical features suggestive of 
neuromuscular pathology; patients undergoing both 
ultrasonography and MRI for evaluation of the suspected 
abnormality; and patients providing informed consent. 
Exclusion criteria 
Patients in whom either USG or MRI examination could 
not be completed; patients with contraindications to MRI; 
patients with severe motion artifacts or technically 
inadequate imaging precluding reliable interpretation; 
patients without adequate clinical or diagnostic 
information for establishing the final diagnosis. 
Ultrasonography technique 
High-resolution ultrasonography was performed using an 
appropriate high-frequency linear-array transducer. The 
affected nerve or muscle was evaluated in longitudinal 
and transverse planes, with comparison with the 
contralateral side wherever appropriate. Nerve caliber, 
cross-sectional area, fascicular architecture, echogenicity, 
focal or diffuse enlargement, continuity, perineural 
abnormalities, vascularity, muscle bulk, architecture, 
echogenicity, focal muscular lesions, and dynamic 
abnormalities were assessed [16,17]. (Figure 1 and 2) 

 
Figure 1: Ultrasound image showing diffuse increased 
echogenicity in posterior compartment of right thigh 
(biceps femoris muscle) with relative loss of normal 
fibrillar echotexture suggesting muscle 
edema/Inflammatory changes 

 
Figure 2: Ultrasonography image demonstrating 
diffuse thickening and hypoechogenicity of the ulnar 
nerve, with enlargement of the nerve fascicles, 
suggestive of ulnar neuropathy 
MRI technique 
MRI was performed using appropriate surface or 
dedicated coils according to the anatomical region. The 
protocol included multiplanar T1-weighted, T2-weighted, 
and STIR or other fluid-sensitive fat-suppressed 
sequences, with diffusion-weighted and postcontrast 
imaging whenever clinically indicated. Nerve caliber, 
signal intensity, fascicular morphology, continuity, site 
and extent of involvement, muscle edema, atrophy, fatty 
infiltration, fascial or soft-tissue abnormalities, space-
occupying lesions, and associated osseous or joint 
abnormalities were assessed [18–22]. (Figure 3 and 4) 
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Figure 3: MRI STIR image demostrating hyperintense 
signal in right biceps femoris muscle associated with 
increased fluid-sensitive signal suggesting 
edema/inflammatory changes 

 
Figure 4: MRI image demonstrating diffuse thickening 
and increased T2 W signal intensity of the ulnar nerve, 
with enlargement of the nerve, suggestive of ulnar 
neuropat 
Results 
A total of 50 patients with clinically suspected 
neuromuscular pathology were evaluated using both high-
resolution USG and MRI. The spectrum of abnormalities 
included entrapment neuropathies, traumatic peripheral 
nerve injuries, inflammatory neuropathies, peripheral 
nerve sheath tumors and other focal nerve lesions, muscle 
injuries, inflammatory muscle abnormalities, and acute or 
chronic denervation-related muscle changes. 
On USG, peripheral nerve pathology was characterized by 
focal or diffuse nerve enlargement, increased cross-
sectional area, altered echogenicity, distortion of normal 
fascicular architecture, discontinuity in traumatic lesions, 

and abnormal vascularity in selected cases. USG provided 
excellent delineation of superficial nerves and permitted 
dynamic assessment at potential sites of entrapment. 
MRI demonstrated nerve enlargement and increased 
signal intensity on fluid-sensitive sequences in affected 
nerves. Muscle involvement was particularly well 
demonstrated on MRI. Acute and subacute denervation 
changes appeared as edema-like increased signal intensity 
on fluid-sensitive sequences, whereas chronic 
abnormalities demonstrated muscle volume loss and fatty 
replacement on T1-weighted images. 
USG was advantageous for superficial nerve assessment, 
dynamic evaluation, rapid contralateral comparison, and 
identification of focal abnormalities. MRI was 
advantageous for deep-seated nerves, evaluation of the 
full anatomical extent of disease, demonstration of muscle 
denervation patterns, and detection of associated soft-
tissue and osseous abnormalities. 
The two modalities demonstrated complementary value: 
targeted USG provided detailed morphological and 
dynamic assessment of superficial lesions, whereas MRI 
provided broader anatomical coverage and evaluation of 
secondary muscular changes. 
Table 1: Pathology Distribution 
Pathology No. of Patients 

Entrapment neuropathy 20 

Traumatic peripheral nerve 

injury 

1 

Peripheral nerve sheath 

tumor / focal nerve lesion 

9 

Inflammatory neuropathy-

leprosy 

4 

Muscle injury 1 

Inflammatory myopathy 12 

Denervation-related muscle 

changes 

3 

Total 50 

Table 2: Comparative Radiological Utility of USG and 
MRI in the Study 
Patholog

y / 

Imaging 

Target 

USG – Principal 

Contribution 

 

MRI – Principal 

Contribution 

 

Overall 

Radiological 

Role 
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Entrapm

ent 

neuropat

hy 

Nerve 

enlargement, 

increased CSA, 

fascicular 

distortion, 

dynamic 

assessment and 

contralateral 

comparison 

 

Nerve 

signal/caliber 

and structural 

cause of 

compression; 

useful for 

deep/proximal 

lesions 

 

USG 

particularly 

useful as 

initial 

imaging for 

superficial 

entrapment; 

MRI 

complement

ary in 

atypical/deep 

disease 

Traumati

c 

periphera

l nerve 

injury 

Continuity, focal 

swelling, 

fascicular 

disruption, 

neuroma and 

dynamic relation 

to adjacent 

structures 

 

Deep injury, 

associated soft 

tissue and 

secondary 

denervation 

changes 

 

USG 

provides 

high-

resolution 

focal 

assessment; 

MRI defines 

extent and 

secondary 

muscle 

involvement 

Peripher

al nerve 

sheath 

tumor / 

focal 

nerve 

Superficial 

hypoechoic 

lesion, nerve 

continuity and 

Doppler 

vascularity 

 

Superior lesion 

characterization, 

extent and 

neurovascular 

relationships 

 

MRI 

preferred for 

deep lesions 

and 

preoperative 

lesion mapping; 

USG useful 

for 

superficial 

lesions 

Inflamm

atory 

neuropat

hy-

leprosy 

CSA/fascicular 

enlargement and 

intraneural 

vascularity 

 

Proximal nerves, 

plexuses and 

nerve roots; 

nerve signal 

abnormality 

 

Complement

ary; MRI 

extends 

assessment 

beyond 

sonographica

lly accessible 

nerves 

Muscle 

injury 

Superficial 

fibrillar 

disruption, 

hematoma and 

dynamic 

assessment 

 

Muscle edema 

and extent, 

especially 

deep/multicompa

rtmental injury 

 

USG useful 

for 

superficial/dy

namic 

assessment; 

MRI for 

deeper or 

extensive 

injury 

Inflamm

atory 

myopath

y 

Altered muscle 

echogenicity/arc

hitecture 

 

STIR 

hyperintensity, 

distribution, 

symmetry and 

biopsy-site 

assessment 

 

MRI 

provides 

broader 

assessment 

of muscle 

disease 
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burden 

Denervat

ion-

related 

muscle 

changes 

Altered 

echogenicity, 

thickness and 

architecture 

 

Acute/subacute 

edema-like 

signal; chronic 

atrophy and fatty 

replacement 

 

MRI 

provides 

more 

comprehensi

ve 

assessment 

and may help 

localize 

nerve 

involvement 

The distribution of cases and the observed imaging 
patterns support a complementary, modality-based 
approach. USG is most advantageous where high spatial 
resolution, dynamic assessment, superficial nerve 
visualization, and contralateral comparison are required. 
MRI contributes greater anatomical coverage and superior 
assessment of deep nerves, muscle edema, denervation, 
atrophy, fatty replacement, and associated structural 
abnormalities (Table 2). 
Discussion  
Neuromuscular disorders encompass a heterogeneous 
group of conditions involving peripheral nerves and 
skeletal muscles. Although clinical examination and 
electrophysiological studies remain important for 
functional assessment, imaging provides direct 
morphological information regarding the site, extent, and 
underlying cause of disease. In the present study, high-
resolution USG and MRI demonstrated complementary 
roles across different neuromuscular pathologies 
[3,7,10,14–18]. 
Taken together, these comparisons strengthen the main 
result of the present study rather than suggesting that one 
modality is universally superior. The 40% prevalence of 
entrapment neuropathy in the current study emphasizes 
the practical value of high-resolution USG for superficial 
nerve disease, while the 24% frequency of inflammatory 
myopathy and the presence of denervation-related 
changes highlight situations in which MRI provides 
additional information about muscle involvement. This 
study therefore supports a targeted workflow in which 
USG is particularly useful as an accessible first-line 
examination for superficial peripheral nerve and muscle 
abnormalities, while MRI is used when lesions are deep, 
extensive, proximal, anatomically complex, or associated 
with denervation, edema, atrophy, or fatty replacement 
[31–35]. 

A further point of comparison is provided by Guimaraes 
et al. [35], who evaluated 12 patients with inclusion body 
myositis using US and MRI on the same day. They 
reported 84% sensitivity and 100% specificity for 
ultrasound compared with MRI for detection of muscle 
abnormalities, with an overall accuracy of 86.8%. Their 
results demonstrate that USG can perform well even in 
chronic neuromuscular muscle disease when the 
abnormality is accessible and when an appropriate 
sonographic grading approach is used. This study did not 
restrict its population to inclusion body myositis and did 
not calculate modality-specific diagnostic accuracy; 
nevertheless, the finding that USG can demonstrate 
abnormal muscle architecture and echogenicity while MRI 
defines fat replacement and atrophy is concordant with 
their observations [35]. 
Paramalingam et al. [34] also reported that ultrasound 
could detect muscle pathology in idiopathic inflammatory 
myopathy, although its specificity for distinguishing 
individual pathological processes was limited. In their 
prospective study, ultrasound showed sensitivity ranging 
from 67% to 100% for detecting muscle pathology 
demonstrated on MRI, while specificity varied widely. 
Increased echogenicity was sensitive but not specific for 
the underlying muscle abnormality. This is compatible 
with the present study's complementary-modality model. 
The current data suggest that USG is well suited to 
identify and characterize accessible muscle abnormalities, 
whereas MRI is better positioned to determine the 
distribution, depth, edema pattern, atrophy, and fatty 
replacement when the sonographic finding requires 
further characterization [34]. 
The findings of Yoshida et al. [33] further support the 
interpretation of increased muscle echogenicity in this 
study. Their study included 42 patients with idiopathic 
inflammatory myopathies and 25 controls, and muscle 
echo intensity was higher in affected patients and 
correlated with creatine kinase and muscle strength in 
non-inclusion-body-myopathy cases. This distinction is 
important because echogenicity may reflect more than 
active inflammation, including chronic structural change 
and fatty replacement. Therefore, the current findings 
support the use of USG as a screening and 
characterization tool, while avoiding the assumption that 
an echogenic muscle pattern alone establishes the exact 
pathological subtype [33]. 
The muscle component of this study also showed 
agreement with comparative inflammatory myopathy 
literature. In the current cohort, inflammatory myopathy 
accounted for 12 of 50 patients (24%). USG demonstrated 
altered muscle echogenicity and architecture, while MRI 
better demonstrated STIR hyperintensity and the 
distribution of muscular involvement. Walter et al. [32] 
prospectively compared muscle ultrasound with whole-
body MRI in patients with newly diagnosed idiopathic 
inflammatory myopathy and found MRI abnormalities in 
all patients, with edema demonstrated in 76% of 
evaluated muscles. Semi-quantitative and qualitative 
ultrasound nevertheless identified abnormalities in most 
patients despite examining fewer muscles. These findings 
support our observation that ultrasound can detect 
clinically useful muscle abnormalities efficiently, whereas 
MRI provides a wider anatomical survey and is more 
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sensitive to inflammatory edema [32]. 
For peripheral nerve disease, this study found that USG 
was particularly useful in entrapment neuropathies, focal 
nerve enlargement, fascicular distortion, dynamic 
assessment, and traumatic nerve abnormalities. This 
observation is closely aligned with the comparative study 
by Zaidman et al. [31] with suspected focal peripheral 
nerve pathology. Among the patients with confirmed 
pathology, ultrasound detected 43 of 46 lesions compared 
with 31 of 46 lesions on MRI, with reported sensitivity of 
93% for ultrasound and 67% for MRI and similar 
specificity. 
Overall, the pattern observed in this study is consistent 
with the published literature: ultrasonography contributed 
most strongly to assessment of superficial and 
sonographically accessible nerve or muscle abnormalities, 
whereas MRI added value for deep structures, broader 
disease distribution, muscle edema, denervation, and 
chronic tissue change [31–35]. 
Entrapment neuropathies 
Entrapment neuropathies represent an important 
application of high-resolution peripheral nerve 
ultrasonography. Carpal tunnel syndrome involving the 
median nerve and ulnar nerve entrapment, particularly 
around the elbow, can be evaluated using USG. The 
affected nerve may demonstrate focal or diffuse 
enlargement, increased cross-sectional area proximal to 
the site of compression, reduced echogenicity, and 
distortion of normal fascicular architecture. USG also 
permits contralateral comparison and dynamic evaluation. 
MRI can demonstrate increased caliber and increased 
signal intensity of the affected nerve and can identify 
surrounding structural causes of compression. Thus, USG 
may serve as a valuable first-line imaging investigation 
for superficial entrapment neuropathies, while MRI is 
useful in atypical, proximal, deep, or structurally complex 
cases [1,2,4,10,11,15,19]. 
Traumatic peripheral nerve injury 
High-resolution USG enables direct assessment of nerve 
continuity and may demonstrate focal swelling, altered 
fascicular architecture, partial or complete discontinuity, 
neuroma formation, and surrounding scar tissue. Dynamic 
examination can depict the relationship of the nerve to 
adjacent structures. MRI provides a larger field of view 
and is particularly useful for deep injuries, associated 
soft-tissue abnormalities, and secondary denervation 
changes in muscles supplied by the affected nerve 
[1,4,7,10,12,13]. 
Peripheral nerve sheath tumors and focal nerve lesions 
Peripheral nerve sheath tumors, particularly schwannomas 
and neurofibromas, can be evaluated using both 
modalities. On USG, these lesions commonly appear as 
well-defined hypoechoic masses in continuity with a 
peripheral nerve, and Doppler imaging can assess internal 
vascularity. MRI provides superior characterization, 
determination of lesion extent, and assessment of the 
relationship with surrounding neurovascular structures, 
making it particularly important for preoperative mapping 
and deep lesions [1,4,6,7,10,14,23]. 
Inflammatory neuropathies- Leprosy 
Inflammatory neuropathies may produce diffuse or 
segmental nerve enlargement and abnormalities of the 
fascicular pattern. USG may demonstrate increased cross-

sectional area, reduced echogenicity, fascicular 
enlargement, and increased intraneural vascularity. MRI 
and MR neurography can demonstrate enlargement and 
increased signal intensity of affected nerves and are 
advantageous for proximal nerves, plexuses, and nerve 
roots that are less accessible to ultrasonography [6,8–
10,13,24]. 
Muscle injury 
USG is useful for superficial muscle injuries because it 
permits dynamic examination and assessment during 
contraction. Muscle tears may demonstrate disruption of 
normal fibrillar architecture, focal heterogeneous areas, 
hematoma, or retraction. MRI provides excellent 
visualization of muscle edema and the anatomical extent 
of injury and is particularly useful when deeper muscles 
or multiple compartments are involved [3,5,25,26]. 
Inflammatory myopathies 
Inflammatory muscle disorders may produce altered 
muscle architecture and echogenicity on ultrasonography. 
MRI has a particularly important role because 
inflammatory edema is readily demonstrated on STIR or 
other fluid-sensitive fat-suppressed sequences. MRI can 
assess multiple muscle groups simultaneously, 
demonstrate the distribution and symmetry of 
involvement, and assist in selection of a suitable biopsy 
site [5,7,14,27,28]. 
Denervation changes 
MRI is particularly valuable for demonstrating secondary 
muscle changes resulting from nerve injury. Acute and 
subacute denervation may manifest as increased signal 
intensity within affected muscles on fluid-sensitive 
sequences, while chronic denervation produces muscle 
volume loss and fatty replacement on T1-weighted 
images. The distribution of affected muscles may help 
localize the level of nerve involvement. USG can 
demonstrate altered muscle echogenicity, thickness, 
architecture, and bulk, but MRI generally provides a more 
comprehensive assessment of the distribution and extent 
of denervation [7,12,13,20–22]. 
Comparative role of USG and MRI 
USG and MRI should be regarded as complementary 
rather than competing modalities. USG is particularly 
advantageous for superficial peripheral nerves, 
entrapment neuropathies, dynamic assessment, traumatic 
nerve lesions, superficial nerve sheath tumors, superficial 
muscle injuries, contralateral comparison, and image-
guided procedures. MRI is particularly advantageous for 
deep or proximal nerves, plexuses, extensive lesions, 
muscle edema, inflammatory changes, acute and chronic 
denervation, muscle atrophy and fatty replacement, deep 
muscle pathology, associated structural abnormalities, and 
preoperative assessment [1,3,6,7,10,12–14,20–22,27,28]. 
Clinical implications 
A practical approach is to use high-resolution USG as an 
initial imaging modality for suspected superficial 
entrapment neuropathy or focal peripheral nerve 
abnormality. MRI can subsequently be performed when 
the lesion is deep, sonographic findings are inconclusive, 
proximal extension is suspected, or secondary muscle 
denervation needs assessment. In patients presenting 
predominantly with muscular symptoms or suspected 
inflammatory myopathy, MRI may be preferred because it 
evaluates multiple muscle compartments and 
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demonstrates edema, fatty infiltration, and atrophy 
[1,4,6,7,10,14,27,28]. 
Conclusion 
High-resolution ultrasonography and MRI are valuable 
and complementary modalities for the evaluation of 
neuromuscular pathologies. USG is particularly useful for 
superficial peripheral nerves because of its high spatial 
resolution, dynamic capability, accessibility, and ability to 
rapidly compare the affected and contralateral sides. MRI 
provides superior soft-tissue contrast, a larger field of 
view, and better evaluation of deep neuromuscular 
structures. It is particularly valuable for demonstrating 
muscle denervation, edema, atrophy, fatty replacement, 
disease extent, and associated structural abnormalities. 
Integration of clinical examination, electrophysiological 
studies, USG, and MRI provides a comprehensive 
diagnostic approach and can improve lesion localization 
and characterization [1,3,6,7,10,12–14,20–22,27,28]. 
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