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Abstract 

Purpose  To examine the diagnostic advantages and clinical application value of the cinematic volume rendering 
technique (cVRT) when evaluating the relationship between the brachial plexus, peripheral tumor lesions, and blood 
vessels.

Materials and methods  Seventy-nine patients with brachial plexus tumors between November 2012 and July 
2022 were enrolled in our study. All patients underwent T1WI, T2WI, three-dimensional short recovery time reversal 
recovery fast spin-echo imaging (3D-STIR-SPACE), and the T1WI enhancement sequence. In addition, cVRT was used 
to render and obtain a three-dimensional model that clearly showed the location and tissue structure of the brachial 
plexus nerves and the tumor in all directions.

Results  Seventy-one patients (mean age, 47.1 years; 33 males, 38 females) with tumors around the brachial plexus 
were included in the study. The brachial plexus nerve, surrounding tumor lesions, and vascular anatomy of all patients 
were well displayed with cVRT. The tumors of 37 patients manifested as unilateral or bilateral growths along the bra-
chial plexus nerve and were fusiform, spherical, or multiple beaded; seven patients’ tumors pushed against the bra-
chial plexus nerve and were circular, lobular, or irregular; sixteen patients’ tumors encircled the brachial plexus nerve 
and were spherical; and eleven patients’ tumors infiltrated the brachial plexus nerve and had irregular morphology. 
The mass has a moderately uniform or uneven signal on T1WI and a high or mixed signal on T2WI. After enhance-
ment, the signal was evenly or unevenly strengthened.

Conclusions  cVRT clearly showed the origin of tumors associated with the brachial plexus and their relationship 
with the nerves and peripheral blood vessels, providing reliable information for clinical diagnosis and treatment.
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Introduction
The brachial plexus is a complex anatomical structure 
that provides innervation to the upper limbs, shoulders, 
and upper chest. Injury of the brachial plexus will seri-
ously affect the patient’s limb and may lead to partial or 
complete loss of upper limb function and even lifelong 
disability [1]. The brachial plexus nerve may be infil-
trated by surrounding neoplastic lesions, which affects its 
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function. In upper limb tumors, the incidence of tumors 
in the brachial plexus nerve area is approximately 1–4.9% 
[2, 3], of which benign tumors account for 76.9–91.6% 
[4, 5]. Surgical resection is the most effective method of 
treating tumors around the brachial plexus. The patient’s 
clinical treatment method closely depends on the size, 
growth site, and biological behavior of the tumor. There-
fore, the positioning and qualitative diagnosis of the 
tumor before surgery are critical for clinicians.

Magnetic resonance imaging possesses the charac-
teristics of high-tissue contrast. Therefore, it is the best 
noninvasive examination method for diagnosing bra-
chial plexus malignancy [6–8]. In recent years, with the 
widespread application of magnetic resonance brachial 
plexus neuroimaging, the imaging research of brachial 
plexus-related tumors has been receiving more attention. 
Brachial plexus neuroimaging can accurately describe 
the imaging characteristics of tumors associated with 
the brachial plexus, including the lesion size, location, 
source, and surrounding tissue involvement, to guide sur-
gical methods and evaluate resection ability [9].

The 3D-STIR-SPACE sequence achieves displaying 
the brachial plexus well by inhibiting background fat. At 
the same time, this sequence can demonstrate the loca-
tion, origin, and scope of tumors associated with the bra-
chial plexus. It can be reconstructed in three dimensions 
through post-processing to clearly show the spatial posi-
tional relationship between the tumor and the brachial 
plexus. However, the 3D-STIR-SPACE sequence has cer-
tain limitations in showing the encircling and infiltration 
of the brachial plexus by tumors near it. The cinematic 
volume rendering technique (cVRT) builds on the princi-
ples of Volume Rendering (VR), which involves integrat-
ing high-resolution volumetric data from medical images 
to create a 3D representation of the internal structure 
of an object [10]. In this study, we aimed to use cVRT to 
fuse the brachial plexus with surrounding tumor lesions 
and vascular anatomy in three dimensions to demon-
strate better the relationship between tumors associated 
with the brachial plexus and the plexus itself. In addition, 
we aimed to provide more intuitive and accurate image 
information for clinical use.

Materials and methods
Study participants
Seventy-nine patients with brachial plexus nerve-related 
neoplastic lesions were analyzed from November 2012 to 
July 2022 at our institution. Eight of these patients were 
excluded because of poor image quality, incomplete mag-
netic resonance images, or respiratory or metallic arti-
facts (Fig. 1). Therefore, 71 patients were enrolled in this 
study, including 33 male and 38 female patients.

All patients underwent T1WI, T2WI, 3D-STIR-SPACE, 
and T1WI enhancement sequences. The main clinical 
symptoms were lumps in the neck on the affected side, 
numbness in the hands, and swelling and weakness of 
the neck and upper limbs. Notably, eleven cases had no 
obvious symptoms of discomfort. Of the 71 patients, 46 
were confirmed by surgery and pathology, nine were con-
firmed by tissue biopsy, and sixteen cases of schwannoma 
were clinically confirmed (Table 1).

Communication was initiated with patients and their 
families to inform them of the purpose and precautions 
of the examination, clarify the examination process, and 
eliminate the patient’s psychological pressure. This study 
was approved by the hospital ethics committee, and all 
patients provided informed consent.

MRI parameters
All patients were examined on a Siemens 3.0  T MRI 
scanner, and T1WI, T2WI, 3D-STIR-SPACE, and T1WI-
enhanced sequences were conducted. For examina-
tion on the magnetic resonance scanner, the patient 
was placed in a supine position, raised his or her head 
and neck appropriately, and placed the arms by his or 
her side. In addition, the patient avoided deep breath-
ing and swallowing throughout the process to minimize 
motion artifacts. The conventional scanning protocol 
was as follows: T1WI: TR = 650 ms, TE = 12 ms, field of 
view 40  cm × 40  cm, matrix 307 × 307, and slice thick-
ness 4  mm; T2WI: TR = 3000  ms, TE = 101  ms, field of 
view 22 cm × 22 cm, matrix 314 × 314, and slice thickness 
4 mm; 3D-STIR-SPAC: TR = 3000 ms, TE = 160 ms, field 
of view 42 cm × 42 cm, matrix 466 × 466, and slice thick-
ness 3 mm;T1WI-enhanced sequences using dixon tech-
nique and the parameters are the same as T1WI(Table 2).

All subjects underwent T1WI contrast enhancement 
images scanned 2  min 30  s after injection of the con-
trast agent Gd-DTPA at a dose of 0.2 mmol/kg injected 
intravenously with a high-pressure syringe. The coronary 
scanning range included the anterior and posterior edges 
of the vertebral canal, the upper edge of the second cervi-
cal vertebrae, and the upper edge of the second thoracic 
vertebrae. In addition, the axial scanning was based on 
the coronary position as a reference, and the distribution 
area of the fifth cervical nerve and the first thoracic nerve 
root on both sides was included in the scanning range.

Image analysis
All images were analyzed by two attending physicians 
specializing in neuroimaging diagnosis. When there 
were differences of opinion, an agreement was reached 
after consultation. The tumor site, size, morphology, 
their relationship with the brachial plexus and sur-
rounding structures, and the signal characteristics of 
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all patients were summarized. The 3D-STIR-SPACE 
sequence was used to image the brachial plexus nerves, 
and the images were transmitted to the syngo.via VB40 
(Siemens Healthcare, Erlangen, Germany) for process-
ing. After MIP reconstruction of the brachial plexus 

Patients with brachial 

plexus nerve-related 

neoplastic lesions undertook 

MRI screening(n=79)

(from Nov. 2012 to Jul. 2022)

patients 
included (n=71)

patients excluded (n=8)

poor image quality (n=4)

incomplete images (n=2)

respiratory artifacts (n=1)

metallic artifacts (n=1)

Fig. 1  Participant selection flowchart

Table 1   Demographic characteristics of study population

Characteristic All 
Participants 
(n = 71)

Age, years 47.1 (8–79)

Sex

 Female 38 (53.52%)

 Male 33 (46.48%)

Main clinical symptoms

 Lumps in the neck on the affected side 27 (38.02%)

 Numbness in the hands 19 (26.76%)

 Swelling and weakness of the neck and upper limbs 14 (19.71%)

 No obvious symptoms 11 (15.49%)

Confirmation method

 Surgery and pathology 46 (64.79%)

 Tissue biopsy 9 (12.68%)

 Clinically confirmed 16 (22.53%)

Table 2  Scanning sequence and main parameters of the 
brachial plexus

FOV  Field of view, TR Time of repetition, TE  Time of echo

Scanning sequence FOV (mm2) Matrix Slice 
thickness 
(mm)

TR/TE (ms)

T1WI 400 × 400 307 × 307 4.0 650/12

T2WI 220 × 220 314 × 314 4.0 3000/101

3D-STIR-SPACE 420 × 420 466 × 466 3.0 3000/160

T1WI + C 400 × 400 307 × 307 4.0 650/12
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nerves, soft tissues such as muscles were reduced to 
decrease interference with the anatomical positional 
relationship between the tumor and the nerves. After 
the tumor multiplanar reconstruction (MPR) was com-
pleted, the tumor range was sketched layer by layer, the 
brachial plexus nerve fused with the tumor image, and 
cVRT was used to render and obtain a three-dimen-
sional model, which clearly showed the location and 
tissue structure of the brachial plexus nerves and the 
tumor in all directions. The three-dimensional image of 
the blood vessels was obtained in the same way by using 
T1WI-enhanced sequences. Finally, the three-dimen-
sional images of the brachial plexus and tumor were 
fused with the three-dimensional images of the blood 
vessels. To better observe the relationship between the 
three, the transparency of the blood vessel image was 
adjusted to 65%.

Results
Seventy-one patients (age, 8–79 years, mean, 47.1 years) 
were included in this study, and the brachial plexus 
nerve, surrounding tumor lesions, and vascular anatomy 
of all patients were well displayed through cVRT. Among 
the enrolled patients, there were 45 with schwannoma, 
fourteen with neurofibroma, ten with metastases, one 
with astrocytoma, and one with mediastinal malignant 
neuroblastoma.

Site of the mass
Except for two cases of nerve sheath tumors that showed 
multiple lesions in the bilateral brachial plexus, the 
remainder of the patients had single foci in the brachial 
plexus. Thirty-five cases violated the left brachial plexus, 
and 33 violated the right brachial plexus. In addition, one 
case of astrocytoma was located in the left armpit, and 
one case of mediastinal malignant neuroblastoma was 
located on the right upper mediastinal membrane.

Table 3  MRI findings of neoplasms involving the brachial plexus

The T1WI, T2WI, and 3D-STIR-SPACE sequences all use muscle signal as a reference

Classifications Schwannoma(n = 45) Neurofibroma(n = 14) Metastatic tumor(n = 10) Astrocytoma(n = 1) Malignant tumor of 
mediastinum(n = 1)

Size(cm) 3.6 ± 1.8 5.6 ± 2.9 5.7 ± 2.0 6.5 10.3

Form Regular Regular Regular Regular Irregular

Boundary Clear Clear Clear Clear Unclear

T1WI Slightly hypointense Slightly hypointense Slightly hypointense Hybrid high signal Slightly hypointense

T2WI Slightly hyperintense Slightly hyperintense Slightly hyperintense Hybrid high signal Slightly hyperintense

3D-STIR-SPACE Slightly hyperintense Slightly hyperintense Slightly hyperintense Hybrid high signal Slightly hyperintense

Signal Inhomogeneous Inhomogeneous Homogeneous Inhomogeneous Inhomogeneous

Envelope 45 No No No No

Cystic degenerate  
hemorrhage

7/45 No No No Yes

Enhancement pattern Inhomogeneous Inhomogeneous Homogeneous No enhancement Inhomogeneous

Peripheral edema No No No No Yes

Relationship with brachial 
plexus

Eccentric embedding Wrapping Push Infiltration Infiltration

Relationship with vascular Push or soak Push Push Push Adhesion

Table 4   The cVRT and other sequences show the relationship among the tumor 、 the brachial plexus and blood vessels

The cVRT was compared with the T1WI,T2WI,3D-STIR-SPACE and T1WI + C sequences in terms of clarifying the source of the tumor, the relationship between the 
tumor and the brachial plexus, and the relationship between the tumor and blood vessels. P values are less than 0.05

Scanning sequence Does or not the tumor originate from 
the brachial plexus nerve

Relationship between the tumor and 
the brachial plexus

Relationship between the tumor 
and the blood vessels

Determined Not determined Determined Not determined Determined Not 
determined

T1WI 6 65 4 67 2 71

T2WI 8 53 6 65 3 71

3D-STIR-SPACE 60 11 58 13 0 71

T1WI + C 9 59 7 64 57 14

cVRT 68 3 65 6 63 8
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Fig. 2  Case 1: 42-year-old female. a spindle mass at the beginning of the right axillary horizontal ulnar nerve can be seen in a and b, 
and the brachial plexus runs through the mass. c, d Right brachial artery trunk is compressed and shifted downward, and there are small arteries 
in the brachial artery branches to provide a blood supply for the tumor. The pathological results in e and f show that the section is gray and white, 
and it contains a bleeding remnant cavity, which is considered a schwannoma(g and h)
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Fig. 3  Case 2: 59-year-old female. a, b Spindle mass in the upper trunk of the right brachial plexus, closely related to the middle trunk, 
with the upper trunk and lower trunk surrounding the mass. c, d Right subclavian artery passes under the mass, and the boundary 
between the mass and the right subclavian artery is clear. The pathological results in e and f show a schwannoma
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Fig. 4  Case 3: 8-year-old female. a–d Spherical mass in the upper trunk of the right brachial plexus from different angles, closely related to the right 
brachial plexus, and the right cervical VIII nerve is compressed and uplifted. e, f right subclavian artery passes through the front of the mass, 
and the boundary between the mass and the right subclavian artery is clear. The pathological results in g and h show a schwannoma
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Size and shape of the mass
The maximum diameter of all the lesions ranges from 
1 to 10 cm (mean, 4.4 cm). Among them, the tumors of 
53 patients that showed unilateral or bilateral growth 
along the brachial plexus nerve were fusiform, spherical, 
or multiple beaded, seven patients’ tumors were circu-
lar, lobular, or irregular, and eleven patients’ tumors had 
irregular morphology.

Characteristics of mass signal
Forty-five patients with schwannoma showed a moder-
ately uniform or uneven signal on T1WI and a high or 
mixed signal on T2WI. After enhancement, the signal 
was evenly or unevenly strengthened, and a low-signal 
area appeared in the middle of the mass when it was 
large. Fourteen cases of neurofibroma showed equally 
low signal on T1WI, equally high signal on T2WI, and 
uneven strengthening after enhancement. In addition, 
two of the ten cases of metastases showed equal sig-
nal on T1WI, high signal on T2WI, uniform signal, and 
uniform strengthening after enhancement. One case 
was an uneven and slightly lower signal on T1WI and a 
slightly higher mixed signal on T2WI that was unevenly 
strengthened after enhancement. One case of astrocy-
toma showed a mixed high signal on T1WI and a mixed 
high signal on T2WI, but no significant strengthen-
ing was seen after enhancement. In addition, one case 
of mediastinal malignant neuroblastoma had an equally 
low signal on T1WI and an equally high signal on T2WI. 
The signal was uneven, and it was significantly unevenly 
strengthened after enhancement.

Relationship between the mass and the brachial plexus
There were 45 schwannoma cases, of which 26 showed 
multiple unilateral or bilateral tumors growing along 
the brachial plexus in a fusiform, spherical, or multiple-
beaded pattern. Thirteen patients had spherical tumors 
encircling and compressing the brachial plexus, and six 
patients showed localized lesions encircling and infil-
trating the brachial plexus. Among the fourteen neu-
rofibroma cases, eleven had tumors growing along 
the brachial plexus in a fusiform or beaded pattern, 
or embedded in the brachial plexus. In addition, three 
patients had spherical tumors that encircled and com-
pressed the brachial plexus. One case of astrocytoma 
showed diffuse tumor tissue and infiltrated the brachial 
plexus, and all the typical structures of the brachial 
plexus disappeared.

One case of mediastinal malignant neuroblastoma 
manifested as an abnormally high signal focal point of the 
upper right mediastinal membrane, with unclear bound-
aries and diffuse infiltration of the right brachial plexus. 
Of the ten cases of metastases, seven showed round, 

lobular, or irregular lesions with smooth boundaries, uni-
form signals, and pressure on the brachial plexus. In con-
trast, three showed diffuse infiltration of the soft tissues 
of the neck and the brachial plexus. The MRI character-
istics of the brachial plexus-related neoplastic lesions are 
shown in Table 3. The table shows that the benign tumors 
were mostly round with smooth and clear edges, whereas 
the malignant tumors were mostly lobular with non-
smooth edges.

The condition of the cVRT shows the tumor, the brachial 
plexus, and blood vessels
The cVRT was statistically different from the T1WI 
、T2WI and 3D-STIR-SPACE sequences in terms of 
clarifying the source of the tumor, the relationship 
between the tumor and the brachial plexus, and the 
tumor and blood vessels (P < 0.05, Table 4). The cVRT can 
better clarify the source of the tumor and the relationship 
among the tumor the brachial plexus and blood vessels 
than other sequences (Figs. 2, 3, 4).

Discussion
The brachial plexus nerve is located superficially, and its 
anatomy is complex, making it susceptible to trauma, 
tumors, and other diseases. Therefore, accurate posi-
tioning and the qualitative diagnosis of brachial plexus 
neuropathy are essential for clinical treatment. The most 
effective clinical treatment method is surgical resection 
for patients with tumor lesions associated with the bra-
chial plexus nerve and for brachial plexus nerve function. 
Imaging examination can locate and characterize bra-
chial plexus nerve-related tumors, providing a solid clini-
cal basis for surgical access and selection.

In 1993, Fler et  al. [11] first described magnetic reso-
nance neuroimaging (MRN). The application of this 
technology, including background inhibition diffusion-
weighted imaging (DWIBS) [12] and 3D-STIR-SPACE 
[13, 14], has gradually been clinically recognized. The lat-
ter method has clear advantages. It can cover the entire 
brachial plexus nerve range, and accurately evaluate the 
deformation, compression, and interruption of post-
ganglion nerve fibers [15]. Using the 3D-STIR-SPACE 
sequence with enhanced scanning on a 3.0  T magnetic 
resonance scanner can clearly and intuitively demon-
strate the three-dimensional display of the composition 
and continuity of the bilateral brachial plexus, accurately 
locate and diagnose tumors and other diseases involv-
ing the brachial plexus, determine the site and degree of 
damage to each nerve, and help clinicians choose appro-
priate treatment options and surgical methods [16].

To be able to clearly and vividly show the relation-
ship between the tumor placeholder and brachial plexus 
nerve, the studies [17] using 3D-MRI technology to 
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examine brachial plexus neuropathy caused by tumor 
compression have been conducted. However, this tech-
nology is not yet able to effectively distinguish the sur-
rounding related tumors from the brachial plexus nerve 
wrapping and infiltration, so new imaging or post-pro-
cessing techniques are needed to provide a practical 
imaging reference for clinical use.

The cVRT is a movie-level real-time rendering technol-
ogy and an accurate physical simulation technology based 
on the interaction of light and matter. Multiple light 
sources are used to produce various interactions between 
light and human tissues (e.g., reflection, refraction, pri-
mary scattering, and secondary scattering). Depth and 
morphological perception have been enriched and 
enhanced, forming a more realistic shadow, which accu-
rately shows the anatomical level of soft tissues and blood 
vessels. At the same time, the three-dimensional ana-
tomical effect tends to be more realistic, providing more 
detailed and accurate information for clinical practice. 
Guo B et al. [18] has applied Hyperrealistic Rendering to 
display Type II Endoleak, and the three-dimensional dis-
play is more intuitive and realistic, providing more accu-
rate guidance and suggestions for clinical preoperative 
evaluation, and improving confidence in the surgery.

Tumors related to the brachial plexus nerve area are 
usually completely removed by surgery. A comprehensive 
assessment is required before any operation or the bra-
chial plexus nerve will be easily damaged during surgery 
[19, 20]. Therefore, this study tried to use cVRT based on 
3D-SPACE-STIR brachial plexus imaging, combined with 
enhanced magnetic resonance imaging, to obtain a three-
dimensional fusion image of the tumor, brachial plexus 
nerve and blood vessels after processing. Different color 
levels were used to distinguish the three tissues. In this 
model, the spatial and positional relationship between 
the tumor, and the brachial plexus nerve and blood ves-
sels were well-reflected.

Of the 71 patients in this study, 46 were treated sur-
gically and 25 conservatively. In Case 1, a 42-year-old 
female, the three-dimensional fusion image obtained 
after treatment with cVRT technology showed that the 
brachial plexus nerve traveled through the middle of the  
tumor, which was closely associated with the brachial  
plexus nerve. In addition, the trunk of the right brachial  
artery was displaced downward under pressure, and the 
branches of the brachial artery had small arteries that  
supplied blood to the tumor. The operation was difficult. 
Gentle manipulation was done during the operation to 
separate the branches of the brachial artery around the  
tumor to avoid damage to the brachial plexus nerve. The 
tumor was cut out slowly, producing minimal bleeding, 
consistent with the results of the imaging examination. 

Then, the tumor was completely removed. The patient 
recovered well after the operation.

In Case 2, a 59-year-old female, the image after treat-
ment with cVRT technology showed that the tumor was  
closely related to the sixth cervical nerve, and the fifth 
and seventh cervical nerves surrounded the tumor. The 
right subclavian artery passed under the tumor but the 
boundary was clear. The subclavian artery and the fifth 
and seventh cervical nerves were gently separated during  
the operation. The tumor was slowly incised and care-
fully exfoliated after exposing it to avoid damage to the  
sixth cervical nerve. The patient recovered well after the 
operation.

In Case 3, an 8-year-old female, the tumor under the 
eight cervical nerve on the right side could be seen after 
treatment with cVRT technology. It was closely related to 
the right brachial plexus. The eighth cervical nerve on the  
right was compressed and raised, and the right subcla-
vian artery passed in front of the mass. After observation 
of 360° rotation, it was found that the boundary between  
the eighth cervical nerve and the subclavian artery on the  
right was clear. During the operation, the right eighth 
cervical nerve and the right subclavian artery were care-
fully separated, and the tumor was completely removed. 
The patient recovered well after the operation. 

In clinical practice, visual research has been conducted 
on the diagnosis of brachial plexus nerve injury, and 
related research has also been conducted on the timing 
and method selection of brachial plexus nerve injury, and 
preliminary results have been achieved. We have also 
continuously tried clinical applications and found that 
when tumor metastases invade the brachial plexus nerve 
and surrounding blood vessels, cVRT vascular nerve 
fusion technology can also show lesions to a great extent. 
In addition, it can also play a guiding role in the treating 
the brachial plexus nerve and surrounding lesions caused 
by tumor compression.

Conclusion
The cVRT showed the anatomical structure of the bra-
chial plexus with surrounding tumor lesions and blood 
vessels in three dimensions, providing more accurate and 
realistic image information for clinical use.
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