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Abstract

Background: Brachial plexus neuropathy is a common and frequently occurring disease that may present with upper limb
numbness and dysfunction, leading to a high disability rate.

Objectives: To analyze the magnetic resonance imaging (MRI) features of brachial plexus neuropathy in children.

Methods: This study included 60 children who underwent MRI of the brachial plexus at our hospital from July 2019 to May
2024. The MRI scans included axial T;WI and T,WI sequences, axial and coronal T,-STIR sequences, and coronal 3D-FIESTA

sequences. The imaging results were analyzed to identify features of brachial plexus neuropathy.

Results: In this study, all 60 children underwent MRI of the brachial plexus. It was found that 34 (56.67%) cases were diagnosed
as brachial plexus nerve injury via imaging, including 12 (20.00%) cases on the left side, 18 (30.00%) cases on the right side, and 4
(6.67%) cases on both sides. The imaging diagnoses were consistent with the clinical diagnoses in 32 cases and inconsistent in 2
cases. Meanwhile, 4 (6.67%) cases were diagnosed as other types of brachial plexus neuropathy, including 1 (1.67%) case of
neurofibroma, 2 (3.33%) cases of neurosheathoma on the left side, and 1(1.67%) case of right radicular sleeve cyst. The results were
consistent with the clinical diagnoses in 3 cases and inconsistent in 1 case. Additionally, 7 (11.67%) cases were diagnosed as non-
brachial plexus neuropathy, while 15 (25.00%) cases showed no obvious abnormality of the brachial plexus nerve. The sensitivity,
specificity, and positive/negative predictive values were 100.00% (14/14), 78.95% (15/19), 91.11% (41/45), and 100.00% (15[15),
respectively. The imaging features of brachial plexus nerve injury included thickening and thinning of nerve roots, high signals
on T, fat-suppression sequences, small cystic low signals at the level of the intervertebral foramen, cystic dilatation of nerve
roots, formation of spinal cysts, and irregularly shaped long T, and T, signals at the Cg intervertebral foramen. The imaging
features of neurofibroma included spike-shaped isometric T, and T, signals in the cervical soft tissues and high signals on T, fat-

suppression sequences, with relatively homogeneous signals, a clear boundary, and an irregular morphology of the lesion
wrapping around the brachial plexus nerve. Additionally, the imaging features of neurosheathoma included space-occupying
lesions, predominantly oval-shaped isometric T, and slightly longer T, signals, located at the lateral upper edge of the thorax,

the lower part of the posterior clavicle, and the left side of the brachial plexus.

Conclusions: The MRI can effectively show the location, range, and type of lesions, providing a valuable imaging reference for
the early diagnosis and treatment of brachial plexus neuropathy in children.
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1. Background high disability rate (1, 2). More importantly, due to the
complex anatomical structure of the brachial plexus,

Brachial plexus neuropathy is a common and the formulation of clinical therapeutic plans depends
frequently occurring disease that may present with primarily on determining the location and severity of
upper limb numbness and dysfunction, leading to a lesions through imaging (3). Children are a high-risk
group for brachial plexus neuropathy, with a worldwide
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incidence rate of 0.38% - 5.10%; however, no relevant
statistics are available for China (4).

Brachial plexus neuropathy in children includes
neonatal brachial plexus injury caused by traction on
the fetal shoulder and neck during delivery, as well as
brachial plexus injury and neurogenic tumors resulting
from trauma, autoimmune factors, and other causes.
Different types of lesions require distinct treatments.
Therefore, accurately determining the type, location,
and severity of lesions using effective diagnostic
methods is essential for developing early therapeutic
plans and improving the cure rate.

Currently, the diagnosis of brachial plexus injury in
clinical practice mainly relies on electromyography and
neurological function tests. However, the probability of
misdiagnosis and missed diagnosis remains high.
Although spinal cord imaging via CT can identify
brachial plexus injury, it primarily provides indirect
signs and offers limited information, as it cannot
visualize nerves outside the spinal canal. Thus, it
presents certain limitations in clinical practice (5, 6).

Magnetic resonance imaging (MRI) offers significant
advantages, including high-resolution imaging of soft
tissues and multi-directional visualization, enabling
clear display of the anterior and posterior parts of the
brachial plexus nerve within the spinal canal (7).
Recently, MRI has become the preferred auxiliary
method for the clinical diagnosis of brachial plexus
neuropathy. However, research on the diagnostic value
of MRI for brachial plexus neuropathy has primarily
focused on adult patients (8).

There are notable physiological differences between
children and adults. Children have higher water
content, lower fat content, smaller brachial plexus nerve
trunks, and less distinct tissue and organ boundaries,
which can limit the application of MRI in evaluating the
brachial plexus nerve in this group.

2. Objectives

This study aims to analyze the MRI results of
pediatric brachial plexus neuropathy, observe the
imaging manifestations in affected children, and
address the clinical research gap regarding MRI
diagnosis of pediatric brachial plexus neuropathy.

3. Methodology

3.1. General Information

The study included 60 children who underwent MRI
of the brachial plexus in our hospital from July 2019 to
May 2024. The participants comprised 32 boys and 28

girls, aged between 17 hours and 14 years, with a median
age of 15.5 months. Among them, 45 cases underwent
MRI plain scans, while 15 cases underwent both MRI
plain and enhanced scans.

3.2. Inclusion Criteria
- Children presenting with unilateral or bilateral
limb movement disorders at admission

- Children suspected of having brachial plexus
neuropathy

-Children aged <14 years

- Guardians of the children who were informed of the
research content and provided signed informed consent

3.3. Exclusion Criteria
- Children with traumatic brain injury or neck
deformities

- Children with implanted pacemakers,
prostheses, metal dentures, etc.

joint

- Children with a history of brachial plexus nerve
conditions

Before undergoing MRI, the guardians were
informed of all relevant details, including precautions
for the examination, and signed informed consent
forms. All children underwent electromyography to
confirm the presence of brachial plexus injury. This
study was reviewed and approved by the Medical Ethics
Committee (No.: QFYLL2018010; Date: March 18, 2024),
and no ethical or moral hazards were identified (9).
After the MRI examination, all study subjects also
underwent electrophysiological examinations to
determine the presence of brachial plexus nerve injury.

3.4. Methods

Preparation for examination: Sleep deprivation was
used for children who could not cooperate with the
examination. Chloral hydrate was administered at a
dose of 50 mglkg, either orally or by enema, for
sedation. Alternatively, comfort nursing was provided
for MRI. During the scan, children were positioned
supine, with towel pads used to properly wrap and fix
their heads and shoulders. A 16-channel head/neck coil
was employed, with the scanning range extending from
C, to Ty;, covering both bilateral shoulder joints.

Equipment: The MRI system used was the GE Signa
15T (GE, USA), along with a 16-channel head/neck coil
(coil length: 26 cm).

3.4.1. Parameters
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- Axial T)WI and T,WI sequences: Layer thickness of

3.0 mm, layer spacing of 0 mm, scan matrix of 256 x 224,
field of view of 20 cm x 20 cm, average number of
acquisitions (n =1), and number of excitations (n =4);

- Axial and coronal T,-STIR sequences: TR of 4546 ms,
TE of 42 ms, echo train length of 16, matrix of 256 x 192,
layer thickness of 3.0 mm, layer spacing of 0 mm, field
of view of 20 cm x 20 cm, average number of
acquisitions (n =1), and number of excitations (n =4);

- Coronal 3D-FIESTA sequences: TR of 5.5 ms, TE of 2.0
ms, flip angle of 65°, matrix of 256 x 256, field of view of
20 cm x 20 cm, average number of acquisitions (n = 1),
and number of excitations (n = 4).

3.5.Image Post-processing

The acquired images were transmitted through the
intra-hospital network system to the Picture Archiving
and Communication System. Two radiologists with > 5
years of MR diagnostic experience independently
observed and analyzed the MRI images in a double-blind
manner. In cases of disagreement, the final result was
determined through consultation. Finally, the head of
the imaging department conducted a final review of the
imaging results.

3.6. Signs of Brachial Plexus Neuropathy on Magnetic
Resonance Imaging

Brachial plexus injury signs on MRI:

3.6.1. Direct Signs

3.6.1.1. Preganglionic Injury

Discontinuity or loss of continuity between the

anterior and posterior intra-spinal nerve roots,
thickening, stiffness, and tortuosity of the anterior and
posterior nerve roots that cannot be traced
continuously to the intervertebral foramen,

discontinuity or loss of continuity of the anterior and
posterior nerve roots, or a significant reduction in the
number of anterior and posterior nerve roots on the
coronal plane compared to the contralateral side.

3.6.1.2. Postganglionic Injury

Local accumulation of cerebrospinal fluid within the
spinal canal, traumatic spinal cysts in the intervertebral
foramen, or abnormal and asymmetrical morphology of
the nerve root sleeve bilaterally.

3.6.2. Indirect Signs
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Disappearance of nerve bundle structures, swelling,
thickening, and deformation of nerve roots and trunks,
rigid distribution, and high signal intensities on T,WI

and T,-STIR sequences (Figure 1).

4. Results

4.1. Diagnostic Results of Brachial Plexus via Magnetic
Resonance Imaging Examination

In this study, 60 children underwent MRI of the
brachial plexus. Thirty-four cases were diagnosed with
brachial plexus nerve injury, including 12 cases on the
left side, 18 cases on the right side, and 4 cases on both
sides. These MRI diagnoses were consistent with the
clinical diagnoses in 32 cases and inconsistent in 2 cases.
Among the two inconsistent cases, one diagnosed with
right brachial plexus nerve injury was clinically
confirmed as chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP), while the other,
diagnosed with bilateral brachial plexus nerve injury,
was clinically diagnosed with peripheral neuropathy.

Meanwhile, 4 cases were diagnosed with other types
of brachial plexus neuropathy, including 1 case of
neurofibroma, 2 cases of neurosheathoma on the left
side, and 1 case of a right radicular sleeve cyst. These
diagnoses were consistent with the clinical diagnoses in
3 cases and inconsistent in 1 case. The case of the right
radicular sleeve cyst diagnosed via imaging was
clinically  confirmed as acute disseminated
encephalomyelitis.

Seven cases were diagnosed as non-brachial plexus
neuropathy through imaging, including 1 case of
shoulder injury, 1 case of neck injury, 1 case of right
clavicle fracture, 3 cases of cervical mass, and 1 case of
lymphangioma. The imaging diagnoses were consistent
with the clinical diagnoses in 6 cases and inconsistent in
1 case. One case, diagnosed with a right clavicle fracture
on imaging, was clinically confirmed to have
encephalopathy.

In addition, 15 cases showed no obvious abnormality
of the brachial plexus nerve. The sensitivity, specificity,
and positive/negative predictive values were 100.00%
(14/14), 78.95% (15/19), 91.11% (41/45), and 100.00% (15/15), as
shown in Tables 1and 2.

4.2. Magnetic Resonance Imaging Features of Brachial Plexus
Neuropathy

Among the 32 cases clinically diagnosed with
brachial plexus nerve injury, the imaging features
included thickening of the nerve roots, which were
observed in the following distributions: C, ~ C5 in1case,
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Figure 1. Indirect signs of brachial plexus injury on magnetic resonance imaging (MRI), a 20-day-old female infant with right upper limb movement disorder after birth,
showing denervation changes in the muscles innervated by the brachial plexus as indicated by imaging (T,-STIR on the coronal plane), with high signals observed on T,-

weighted MRI in the shoulder girdle muscle group.

Table 1. Magnetic Resonance Imaging and Clinical Results of Brachial Plexus Nerves in 60 Pediatric Patients

Relationship with Clinical Brachial Plexus Other Brachial Plexus Non Brachial Plexus Normal Brachial Plexus
Diagnosis Injury Neuropathy Neuropathy Nerve
Matched 32(5333) 3(5.00) 6(10.00) 15(25.00)

Not matched 2(333) 1(1.67) 1(1.67) 0(0.00)

C4~Cginlcase,Csin1case, C5~C;in10 cases, C; ~ Cgin
2 cases, C; ~T; in10 cases, Cg in 2 cases, Cg ~ Cg in 3 cases,
Cg~T;in1case, and C, in 1 case. Thinning of nerve roots
was seen in 2 cases, specifically at Cg ~ C; in 1 case and C,
~ Cg in 1 case. Tortuosity of the brachial plexus nerve
root was observed in 3 cases involving C; ~ T; and in 1
case involving Cg ~ C,. Additionally, 17 cases showed high
signals on the T, fat-suppression sequence, 1 case
exhibited long T, signals, and 1 case showed high signals
on the STIR fat-suppression sequence (Figure 2A).

Other imaging features included small cystic low
signals at the C; ~ Cgq intervertebral foramen, cystic

dilatation of nerve roots (Figure 2B), formation of spinal
cysts at C; ~ T, (Figure 2C), and irregularly shaped long T,

and T, signals at the Cg intervertebral foramen.

In the remaining 2 cases, where the imaging did not
meet the clinical diagnosis, the following features were
noted:

- In one case, the imaging revealed slight thickening
of the C; brachial plexus nerve on the right side
compared to the contralateral side, with symmetrical
enhancement of the intra-spinal nerve root on contrast-
enhanced scanning. The roots and trunks of the
remaining bilateral brachial plexus nerves (Cg ~ Ty)
displayed normal distribution with uniform signals and
no obvious abnormalities. No abnormal signals were
found in the surrounding soft tissues, and the middle
and distal segments of the brachial plexus nerve were
poorly displayed. The final clinical diagnosis for this
case was CIDP.

- In the other case, the imaging showed uneven
thickening and enhancement of the right brachial
plexus nerve, with slight uneven thickening and mild
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Table 2. Magnetic Resonance Imaging Diagnosis of Brachial Plexus Neuropathy
Clinical Diagnosis
MRI Scan Total
Brachial Plexus Neuropathy Non Brachial Plexus Neuropathy
Brachial plexus neuropathy 41(68.33) 0(0.00) 41
Non brachial plexus neuropathy 4(6.67) 15(25.00) 19
Total 45 15 60

Figure 2. Magnetic resonance imaging (MRI) features of brachial plexus injury; A, the same infant as in Figure 1, showing imaging features of swelling and thickening of the
right nerve root and trunk, as well as a stiff distribution and higher T, signal compared to the contralateral side; B, a 25-day-old male infant with left upper limb mobility

disorder, showing the absence of the left nerve root, with corresponding nerve root sleeve dilation indicated by imaging (T,-STIR on the axial plane); C, the same infant as in

Figure 1, showing the preganglionic nerve root (thin arrow) on a coronal 3D-FIESTA sequence, with a linear equisignal nerve root on the right, disappearance of the left
preganglionic nerve root, and a small cystic lesion (long arrow) at the left margin, indicating a traumatic meningeal cyst.

enhancement of the left brachial plexus nerve. No
obvious abnormal signals were detected in the
surrounding soft tissues. Multiple enlarged lymph
nodes were observed in the bilateral cervical regions,
with the right lymph node having a long diameter of
about 18.2 mm. The clinical diagnosis for this case was
peripheral neuropathy.

The imaging features of 1 case clinically diagnosed
with neurofibroma included pike-shaped isometric T,

and T, signals in the cervical soft tissues (Figure 3A),
along with high signals on the T, fat-suppression
sequence. The lesion displayed relatively homogeneous
signals, a clear boundary, and irregular morphology,
surrounding the brachial plexus nerve. It extended up
to the C, level and down to the cervical root, locally
extending into the right C;, ~ C; and C; ~ Cg
intervertebral foramina, with a close relationship to the
adjacent vertebral arteries. The lesion showed
significant and uniform enhancement on enhanced
scanning (Figure 3B).

In contrast, the imaging features of 1 case diagnosed
clinically as neurosheathoma included space-occupying

Iran | Pediatr. 2025; 35(2): €151859

lesions predominantly characterized by oval-shaped
isometric T; and slightly longer T, signals, located at the
lateral upper edge of the left thorax, the lower part of
the posterior clavicle, and the left side of the brachial
plexus. These lesions exhibited uneven high signal
intensity on the fat-suppression sequence, with the
distal end slightly extending towards the axilla.
Enhanced scanning revealed significant uneven
enhancement of the lesion (Figure 3C), with a clear
boundary between the lesion and the adjacent soft
tissues. Additionally, in 1 case of neurosheathoma, the
left C¢ ~ Cq and T, brachial plexus nerves were thicker
and more rigid compared to the contralateral side, with
an unclear boundary from the lesion.

5. Discussion

The brachial plexus, composed of the cervical C; ~ Cq
and T, nerve roots, is a network of nerves that innervates
the sensory and motor structures of the upper limbs,
shoulders, back, and chest (10). Brachial plexus
neuropathy can occur when the neural structures are
subjected to excessive tension, compression, or
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Figure 3. Magnetic resonance imaging (MRI) features of brachial plexus injury; A, a space-occupying lesion with pike-shaped isometric T, signals in the right cervical soft tissue,

showing relatively uniform signals, a clear boundary, and irregular morphology wrapping around the right brachial plexus nerve; B, significant and uniform enhancement on
enhanced scanning; C, oval-shaped space-occupying lesions in the lateral upper edge of the left thorax, the lower part of the posterior clavicle, and the left side of the brachial

plexus, showing significant uneven enhancement on enhanced scanning.

traumatic injury. The brachial plexus is closely related to
the median, radial, and ulnar nerves. Therefore, brachial
plexus neuropathy can cause numbness and loss of
sensation in the upper limbs, weakened muscle
strength in the upper and middle parts of the latissimus
dorsi and pectoralis major muscles, functional
disorders in the elbow and wrist joints, and even
complete paralysis of the upper limbs, which severely
affects the normal life and quality of life of patients. It
may also hinder the normal growth and development of
children with brachial plexus injuries. While some
children with brachial plexus injuries may recover
spontaneously (11), others who do not recover or suffer
from severe injuries may experience muscle and joint
atrophy, and even lifelong disability, if not treated in a
timely and effective manner (12). Therefore, accurately
determining the type, location, and severity of the
lesion using effective measures is of great significance
for improving the prognostic outcome in affected
children (13). Although ultrasound and
electromyography can be used for diagnosing brachial
plexus neuropathy, ultrasound accuracy is dependent
on the examiner’s skill and experience, making it
slightly less reliable. Electromyography is an invasive
procedure that is difficult to perform in children due to
poor cooperation, limiting its clinical applicability. MRI
is currently recognized as the most valuable and non-
invasive imaging modality for diagnosing brachial
plexus neuropathy (14, 15).

Children, especially newborns, have thin brachial
plexus nerve trunks, with high water content and low
fat content in the body. This poses a significant technical
challenge for imaging the brachial plexus in children

using MRI. However, in some well-regarded domestic
and international studies (16), high-resolution brachial
plexus MRI has proven to be feasible for evaluating the
physical connections between the brachial plexus and
the spinal cord in children. As a result, MRI may hold
decisive diagnostic value for brachial plexus neuropathy
in children (17, 18).

According to previous studies (19), MRI of the
brachial plexus in China is commonly performed in
large 3A-grade hospitals using 3.0T MRI equipment,
which provides a stronger magnetic field intensity for
clearer and more accurate images. However, some
researchers (20) have proposed that the uniformity of
fat-suppression with 1.5T MRI is higher than that of 3.0T
MR, which helps avoid uneven fat-suppression in the
brachial plexus nerve background under high field
intensity. Therefore, this study employed 1.5T MRI to
acquire high-quality images. The imaging findings in
this study revealed that, among the 32 children
clinically diagnosed with brachial plexus nerve injuries,
MRI images showed thickening, thinning, tortuosity, or
uneven thickness of nerve roots, accompanied by high
signals in the T, fat-suppression sequence in some cases.

These are generally considered signs of brachial plexus
nerve injury. Additionally, MRI in another case revealed
the formation of a meningeal cyst, indicating that the
presence of a meningeal cyst does not necessarily imply
nerve root discontinuity, which is consistent with
previous research (21).

Furthermore, regarding the MRI features of
neurofibroma, Li et al. (22) found that MRI images of
neurofibroma showed uneven signals, with separated
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short T, signal shadows, and plexiform neurofibromas

with separation, which were similar to those observed
in this study. Meanwhile, the imaging features of
neurosheathoma included space-occupying lesions,
predominantly oval-shaped with isometric T; and

slightly longer T, signals, located in the lateral upper

edge of the thorax, the lower part of the posterior
clavicle, and the left side of the brachial plexus. In a
prior study (23), its imaging features were generally
summarized as a single oval mass with a clear boundary,
a liquid echogenic zone in the tumor, or the "rat tail
sign" at both ends, which were consistent with the
pathological morphology observed in our study.
However, the presence of the liquid echogenic zone was
not found in the imaging diagnosis of this tumor in this
study, which requires further confirmation. There is also
a discrepancy between the MRI diagnosis and the
clinical diagnosis in this study, which may be related to
the different information and diagnostic perspectives
obtained by the imaging and clinical physicians. More
communication between the two is needed to reduce
diagnostic discrepancies. The findings of this study can
provide insights for the clinical diagnosis of pediatric
brachial plexus neuropathy, enabling early and accurate
diagnosis, which facilitates early treatment and
maximizes patient recovery.

This study also has limitations, such as being a single-
center retrospective analysis with a short follow-up
period, which may limit its generalizability. It is
recommended that future multi-center, large-scale
observational studies be conducted to further clarify the
impact of MRI on different types of brachial plexus
neuropathy in children.

5.1. Conclusions

In conclusion, MRI offers advantages in clearly
presenting the type, location, and extent of brachial
plexus neuropathy in children, which is of great
significance for the early diagnosis and treatment of
this condition.
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