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Research Highlights 

(1) We constructed a three-dimensional visualization model of the cervical nerves using Mimics 

software based on original two-dimensional data obtained by continuous CT angiography and 

magnetic resonance myelography in a healthy volunteer.  

(2) This model represents the first in vivo data of cervical nerve anatomy, which differs from classical 

methods using “visible human” (Digital Human) frozen sections from a cadaver.  

(3) This model overcomes the disadvantages of the milling technique and avoids data loss. 

thermore, vivid images from various angles can be observed due to minimal pattern distortion. 

 

Abstract  
Three-dimensional reconstruction nerve models are classically obtained from two-dimensional 

ages of “visible human” frozen sections. However, because of the flexibility of nerve tissues and 

small color differences compared with surrounding tissues, the integrity and validity of nerve tissues 

can be impaired during milling. Thus, in the present study, we obtained two-dimensional data from a 

healthy volunteer based on continuous CT angiography and magnetic resonance myelography. 

Semi-automatic segmentation and reconstruction were then conducted at different thresholds in 

different tissues using Mimics software. Small anatomical structures such as muscles and cervical 

nerves were reconstructed using the medical computer aided design module. Three-dimensional 

digital models of the cervical nerves and their surrounding structures were successfully developed, 

which allowed visualization of the spatial relation of anatomical structures with a strong 

three-dimensional effect, distinct appearance, clear distribution, and good continuity, precision, and 

integrality. These results indicate the validity of a three-dimensional digital visualization model of 

healthy human cervical nerves, which overcomes the disadvantages of milling, avoids data loss, 

and exhibits a realistic appearance and three-dimensional image. 
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INTRODUCTION 

    

The successful implementation of digital 

“virtual visible human” design has estab-

lished the foundations for three-dimensional 

medical visualization techniques
[1-2]

, which 

include the Visible Human Project dataset 

established by the National Library of Medi-

cine (USA)
[3]

, the Visible Korean Human da-

taset
[4]

, and the Virtual Chinese Human da-

taset
[5]

. These datasets represent 

two-dimensional digital images of frozen thin 

sections. Three-dimensional visual models of 

many human organs have been estab-

lished
[6-7]

, which provide valuable digital 

anatomical images of human organs. Nev-

ertheless, nerve tissues lose their continuity 

and integrity during the milling performed 

during sectioning, and it is difficult to distin-

guish tiny nerve tissues from surrounding 

tissues owing to the small differences in color. 

Thus, the two-dimensional images of cervical 

tissues obtained by milling are distorted and 

lose some anatomical details.  

 

Studies of three-dimensional visualization of 

nerve tissues remain in the clinical explora-

tory stage
[8]

, and the optimal types of original 

materials for three-dimensional reconstruc-

tion remain unclear. In particular, there are no 

reports addressing successful 

three-dimensional construction of visualiza-

tion models of nerve tissue in vivo. Previous 

studies have confirmed that continuous CT 

angiography and magnetic resonance mye-

lography can reveal continuous, complete, 

and precise two-dimensional original data
[9-10]

. 

These advances in image processing have 

provided the basis for three-dimensional vi-

sualization models of living tissues
[9-10]

.  

 

The established anatomical structure of cer-

vical nerves is based on morphological ob-

servation and studies of nerve block anes-

thesia and treatment, including cervical 

plexus block, stellate block, paravertebral 

nerve block, superior laryngeal nerve block, 

and recurrent laryngeal nerve block. Howev-

er, cervical tissues are complicated, and 

nerve block or operation on the neck can 

induce complications in the surrounding tis-

sues. For example, straying into the sub-

arachnoid cavity would cause total spinal 

anesthesia, resulting in respiratory and 

cardiac arrest
[11-12]

. Phrenic nerve block can 

also damage respiratory function
[13-14]

, 

while straying into the sheath of cervical 

vessels leads to a toxic reaction of local 

anesthetics
[15]

. Furthermore, an anterior 

approach in the cervical vertebra may 

damage the sympathetic ganglion and va-

gus nerve
[16]

.  

 

There are few data concerning three- di-

mensional visualization applied anatomy of 

the cervical nerves in vivo. As such, we col-

lected continuous, complete, and precise 

two-dimensional original data based on con-

tinuous CT angiography and magnetic re-

sonance myelography. A three-dimensional 

visualization model of the cervical nerves 

was then established using Mimics software. 

As this model was obtained from a living 

body rather than a cadaver, it overcomes the 

disadvantages of milling, avoids data loss, 

and exhibits a realistic three-dimensional 

appearance. The original data for this model 

are easy to obtain, which greatly decreases 

the costs and allows further investigations. 

This model revealed the morphology, distri-

bution, and spatial relations of the major 

nerves of the neck, and provided 

three-dimensional morphological data for 

anatomical teaching and morphological ob-

servation of regenerated nerves, nerve 

block anesthesia, and surgery.    

 

 

RESULTS 

 

Identification of three-dimensional 

visualization models of the cervical 

nerves and surrounding structures 

A healthy volunteer received continuous CT 

angiography and magnetic resonance mye-

lography. A three-dimensional model of the 

cervical nerves and surrounding structures 

was constructed using Mimics software 

based on the geometrical features of the 

models‟ surface. The model included the 

skeletal system, arterial and venous sys-

tems (ascending aorta, aortic arch, subcla-

vian artery, common carotid artery, verte 

Author statements: The 

manuscript is original, has not 

been submitted to or is not 

under consideration by 

another publication, has not 

been previously published in 

any language or any form, 

including electronic, and 

contains no disclosure of 

confidential information or 

authorship/patent 

application/funding source 

disputations. 

 
 

 



Cao JM, et al. / Neural Regeneration Research. 2013;8(20):1829-1836. 

 1831 

bral artery, external jugular vein, internal jugular vein, 

subclavian vein, superior thyroid artery, and inferior thy-

roid artery), nervous system (spinal cord, spinal ganglia, 

ramus communicans of spinal nerve, cervical plexus 

cutaneous branch, phrenic nerve, root, trunk, bundle and 

brachial plexus, cervical segment of the vagus nerve, 

cervical sympathetic nerve trunk, cervical sympathetic 

ganglia, superior laryngeal nerve, and recurrent laryn-

geal nerve), and muscle tissue (sternocleidomastoid, 

scalenus medius, and lavatory scapulae muscle).  

 

The three-dimensional reconstruction model is shown in 

Figures 1–4. The spatial relations of the different cervical 

nerves and surrounding anatomical structures are shown 

in Figures 1–3. The three-dimensional visualization 

model of the cervical nerves and surrounding structures 

is shown in Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 mainly shows the cervical plexus cutaneous 

branch and phrenic nerve. The cervical plexus is located 

in the deep part of the sternocleidomastoid, with the 

presence of branches, cutaneous branches (lesser occi-

pital nerve, great auricular nerve, transverse nerve of 

neck, and supraclavicular nerves), and phrenic nerve. 

Figure 1A shows the percutaneous perspective section, 

in which the skin is totally transparent. This section 

shows the relation between the cervical plexus cutane-

ous branches (four) and the sternocleidomastoid, exter-

nal jugular vein; from right to front: lesser occipital nerve, 

great auricular nerve, transverse nerve of the neck, and 

supraclavicular nerves (semitransparent skin). The cer-

vical plexus cutaneous branch is distributed around from 

the midpoint of the posterior border of the sternocleido-

mastoid by traversing the superficial layer of the deep 

fascia of the neck under the skin. The lesser occipital 

nerve ascends along the posterior border of the ster-

nocleidomastoid in the skin of the occipitalia. The great 

auricular nerve is located in front of the superficial part of 

the sternocleidomastoid, and is distributed in the auricle 

and its surrounding skin. Figure 1B shows the anterior 

view of the cervical plexus branch. The left half of the 

figure indicates the morphology and distribution of the 

transverse nerve of the neck and the supraclavicular 

nerves. The transverse nerve of the neck fans trans-

versely out from the superficial part of the central ster-

nocleidomastoid forward, and is distributed in the skin of 

the anterior portion of the neck. The supraclavicular 

nerves give off several branches and are distributed in 

the skin of the lateral-to-anterior aspect of the neck, 

above the second rib of the anterior chest wall and 

shoulder. The right half of the figure shows the levator 

scapulae muscle, scalenus medius, and the right phrenic 

nerve. The phrenic nerve is composed of the third, fourth, 

and fifth pairs of the anterior branch of the cervical 

nerves, and runs posterior to the subclavian vein and 

anterior to the internal thoracic artery as it enters the 

thorax.  

 

Figure 2 shows the relation between the cervical seg-

ments of the vagus nerve, superior laryngeal nerve, and 

the recurrent laryngeal nerve to the aorta. The vagus 

nerve descends in the neck, posterior to the common 

carotid artery, and enters the thorax through the superior 

aperture of the thorax. The left recurrent laryngeal nerve 

originates at the aortic arch, branches from the vagus 

nerve to loop under the arch of the aorta, posterior to the 

ligamentum arteriosum, before ascending and entering 

into the pharynx posterior to the cricothyroid joint. By 

contrast, the right branch loops around the right subcla-

vian artery, and enters the pharynx posterior to the cri-

cothyroid joint.  

 

Figure 2C shows the relation between the cervical seg-

ments of the vagus nerve, superior laryngeal nerve, re-

current laryngeal nerve, and cervical sympathetic trunk 

(cervical segments of vagus nerve are semitransparent). 

The cervical sympathetic trunk is distributed exterior to 

the cervical spinal column, posterior to the sheath of the 

cervical vessels (one on the left, one on the right). The 

cervical sympathetic trunk contains the superior cervical 

ganglion, middle cervical ganglion, and the inferior cer-

vical ganglion, from top to bottom. The cervicothoracic 

ganglion is formed by fusion of the inferior cervical gan-

glion and the first thoracic ganglion.  

Figure 1  Morphology of the cervical plexus cutaneous 
branch (lesser occipital nerve, great auricular nerve, 
transverse nerve of the neck, and supraclavicular nerves) 
and phrenic nerve in a three-dimensional digital 

visualization model of the cervical nerves.  

(A) Percutaneous perspective section. Red arrow shows 
the correlation between the cervical plexus cutaneous 
branch (four branches) and the sternocleidomastoid and 

external jugular vein. The skin is transparent.  

(B) Anterior view of the cervical plexus branch. Red arrow 
shows the cervical plexus cutaneous branch (transverse 

nerve of the neck and supraclavicular nerves). Yellow 
arrow shows the phrenic nerve. 

A B 
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Figure 3 shows the relation between the superior laryn-

geal nerve and the recurrent laryngeal nerve to the su-

perior and inferior thyroid arteries (semitransparent aor-

ta). The superior laryngeal nerve branches from the main 

trunk of the vagus high in the neck, and then descends in 

the neck adjacent to the pharynx. It is separated into the 

internal branch and the external branch. The internal 

branch of the superior laryngeal nerve accompanying the 

superior laryngeal artery and superior laryngeal vein 

enters the larynx through the thyrohyoid membrane. The 

very small external branch reaches the superior pole of 

the thyroid gland by coursing with the blood vessels of 

the thyroid gland, which innervates the cricothyroid mus-

cle. As shown in Figure 3, on the superior pole of the 

thyroid gland, the superior laryngeal nerve enters the 

larynx anterior to and below the inferior horn of the thy-

roid cartilage. On the inferior pole of the thyroid gland, 

the recurrent laryngeal nerve crosses the branches of the 

inferior thyroid artery. The region between the poles is 

termed the „dangerous area‟, as it is easy to damage 

these two segments of the nerves during surgery.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristics of the three-dimensional digital vi-

sualization model of the cervical nerves  

We used the three-dimensional digital visualization 

model of the cervical nerves established in this study to 

observe their internal structure from different angles or 

cross-sections. This model can be reduced or magnified, 

and permeabilized (Figures 1A, 2C), pseudo-colored 

(Figures 1–4), or materialized. The cervical nerves dis-

played using this model presented a strong stereoscopic 

and vivid appearance, with a clear distribution and good 

Figure 2  Morphology of the cervical segments of the 
vagus nerve, superior laryngeal nerve, and the recurrent 

laryngeal nerve, and their correlation to the aorta in a 
three-dimensional digital visualization model of the 
cervical nerves.  

(A) Anterior view. (B) Posterior view. (C) Semitransparent 
view. Red arrows: the relation between cervical segments 
of the vagus nerve and the carotid artery. Yellow arrows 
show the relation between the superior laryngeal nerve 

and the carotid artery. White arrows show the relation 
between the recurrent laryngeal nerve and the carotid 
artery. Pink arrow shows the relation between the cervical 

sympathetic trunk and the carotid artery. 

Figure 3  Three-dimensional graphics of the superior 
laryngeal nerve, recurrent laryngeal nerve, and the thyroid 

artery in a three-dimensional digital visualization model of 
the cervical nerves.  

This picture demonstrates the relation of the superior 

laryngeal nerve (yellow arrows) and the recurrent 
laryngeal nerve (white arrows) to the superior thyroid 
artery and the inferior thyroid artery (green arrows) (aorta 

is semitransparent). Red arrows show a semitransparent 
cervical branch of the vagus nerve. (A) Anterior view. (B) 
Posterior view. 

A B 
A B 

C 

Figure 4  The three-dimensional digital visualization 
model of the cervical nerves. The internal structure of each 

component can be observed from different angles or 
cross-sections.  

(A) Three-dimensional digital visualization model of the 

cervical plexus, vagus nerve, superior laryngeal nerve, 
recurrent laryngeal nerve, thyroid gland, carotid artery, 
jugular vein, superior thyroid artery, and the inferior thyroid 

artery (anterior view).  

(B) Three-dimensional visualization model of the cervical 
nerves (posterior view). 

A B 
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continuity, precision, and integrity. 

 

 

DISCUSSION 

 

Advantages of the reconstructed three-dimensional 

visualization models  

“Medical image visualization” is a novel medical research 

field. Medical two-dimensional images are commonly 

obtained by cadaver frozen sections, CT, MRI, and ul-

trasound
[17-18]

. Two-dimensional data of well-known “dig-

ital visualization human” samples are obtained using 

frozen thin sections
[19]

. Many countries including the USA 

and China have digital visualization human datasets
[20-22]

, 

and there are numerous studies that have digitally re-

constructed multiple human organs or body parts. How-

ever, because of the flexibility of nerve tissues and the 

small color differences between the tiny nerves and sur-

rounding tissue, the integrity and validity of nerve tissues 

is reduced due to tearing during milling. The collection of 

frozen sections also depends on good management, 

storage, perfusion, and cutting of the cadaver, and the 

data collection and later processing requires tremendous 

manpower and material resources
[23]

. With the advances 

in computerized processing image techniques, there has 

been rapid development and application of visualization 

techniques
[24-25]

.  

 

We previously reported our original two-dimensional data 

based on spiral CT angiography and magnetic reson-

ance myelography
[26]

, from which we constructed a 

three-dimensional digital visualization model of the cer-

vical nerves. This model showed a strong 

three-dimensional effect, distinct appearance, clear dis-

tribution, and good continuity, precision, and integrity. 

We also solved the topological problem of isosurfaces 

generated by the Marching Cubes method. Thus, the use 

of intact two-dimensional images and good 

three-dimensional reconstruction methods effectively 

overcomes the shortcomings of the milling technique and 

avoids data loss. Three-dimensional visualization model 

data are also easier to compare than a cadaver, which 

decreases costs and improves the feasibility of the study 

of nerves or morphology of neural regeneration in vivo.  

 

Significance of three-dimensional visualization of 

the cervical nerves  

Medical teaching of the relation between the cervical 

nerves and surrounding tissues mainly uses gross ana-

tomical specimens and atlases. However, the anatomical 

specimens typically exhibit some degree of tissue dam-

age due to the handling and storage of the cadaver, 

which alters the spatial structure. Thus, students cannot 

gain a complete understanding of the anatomical struc-

tures. Furthermore, when using the two-dimensional 

anatomical atlases, the students have to imagine the 

three-dimensional relations. 

 

Using Mimics software, two-dimensional images can be 

identified and separated with a PC, and 

three-dimensional reconstruction can be performed. In 

the present study, our digital visualization model could 

display complicated tissues using various colors and 

multiple structures. This model could clearly show the 

cervical plexus cutaneous branch, phrenic nerve, vagus 

nerve, superior laryngeal nerve or recurrent laryngeal 

nerve, cervical sympathetic nerve trunk, cadre, blood 

vessels, and muscle. In the three-dimensional position, 

all structures can be rotated along any axis and angle, 

and can be magnified. Reconstructed images can also 

be animated for dissection, rotation, and recombination 

in any direction, which is useful for medical teaching and 

clinical treatment
[27]

. Therefore, the digital visualization 

model can be used as a supplement for teaching ma-

terial and anatomical atlases
[27]

.  

 

Previous studies examining nerve injury and the mor-

phology of regeneration have used three-dimensional 

reconstruction of tissue sections
[28-29]

, while there are no 

reports that utilize in vivo tissues. In the present study, 

we performed three-dimensional reconstruction using the 

imaging technique in vivo, which provides a useful data 

for future studies on nerve tissue injury or morphology of 

regeneration.  

 

Our three-dimensional image data of the cervical nerves 

can also be utilized to examine nerve blocking anesthe-

sia puncture or surgical simulation. Cervical nerve block 

at the cervical plexus, brachial plexus, or cervical sym-

pathetic nerve is a commonly used anesthetic or thera-

peutic method for neck operations. However, owing to 

the position of the cervical nerve, if the position of the 

nerve block is not precise, total spinal anesthesia can 

occur, which may cause cardiac arrest, local anesthetic 

intoxication, and pneumothorax. Thus, it is important to 

determine the exact anatomical position and spatial 

structure of the neck to improve therapeutic outcomes 

and to reduce complications.  

 

In this study, the three-dimensional reconstruction models 

could be used to view the local or entire cervical nerves 

and surrounding structures. Different tissues were dis-

played by different colors and transparencies, and we 

could clearly observe the relative positions and relations of 



Cao JM, et al. / Neural Regeneration Research. 2013;8(20):1829-1836. 

 1834 

the cervical nerves and the spinal cord, bone structure, 

cervical vessels, sternocleidomastoid, scalenus medius, 

and levator scapulae muscle. Thus, this model allows us 

to accurately measure the three-dimensional organization 

of the cervical nerves, which would be useful for anes-

thetic or surgical operators to accurately determine the 

position, depth, direction and angle of puncture pin for 

puncture procedures, and incision site and size for surgery. 

This model also allows precise location of nerves, which 

allows surgeons to select the optimal surgical path and 

reduce complications.  

 

In summary, we successfully constructed a 

three-dimensional digital visualization model of the cer-

vical nerves. This model can provide anatomical mor-

phology reference data for nerve blocking anesthesia, 

morphological observation, and clinical surgery. Never-

theless, as we used only one subject, future studies with 

a larger number of subjects are required. 

 

 

SUBJECT AND METHODS 

 

Design 

A computer simulation, neuroimaging study.  

 

Time and setting  

Experiments were performed at the Department of Radi-

ology, the 98 Hospital of Chinese PLA, China from May 

2011 to November 2011.  

 

Subject  

A female healthy volunteer aged 25 years (weight, 52 kg; 

height, 163 cm) was selected from the 98 Hospital of 

Chinese PLA. The subject had no history of rheumatism or 

heart disease. Cervical X-ray film was normal (Figure 5). 

Injury, deformation, and other lesions were excluded. The 

subject was informed of the protocols and risks before 

experiments in accordance with Administrative Regula-

tions on Medical Institution, formulated by State Council of 

the China
[30]

. The subject signed informed consents.  

 

Methods 

Computer 

Dell graphic workstation (Dell, Austin, TX, USA), version: 

Precision M90; processor: Intel Core 2 Duo T7200; 

memory: 2G DDR2-667 SDRAM; hard disc: 160 GB; 

video card: NVIDIA Quadro FX 1500M; 256 M video 

memory; 24 inches of liquid crystal display.  

 

Computer operating system 

Windows XP Professional SP2. 3D medical picture editing 

handling software Mimics 14.11 (Materialise, Leuven, 

Belgium) was used to handle fault data and 

three-dimensional model construction.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Collection of original data  

Continuous CT non-contrast enhanced scan and CT 

angiography were conducted using an Aquilion 64 spiral 

CT (Toshiba, Tokyo, Japan). The scan plane was from 

the head to the inferior border of the third thoracic verte-

bra, along the cross section. Scanning condition: colli-

mating device width 49.970 mm × 0.976 mm, tube ten-

sion 120 kV; soft tissue window was selected.  

 

CT angiography: Ultravist (iopromide injection, 370 mg/mL; 

Xianling Pharmacy Co., Ltd., Guangzhou, Guangdong 

Province, China) 80 mL, at a flow rate of 5 mL/s, was 

intravenously injected via the left antecubital vein. Sub-

sequently, 30 mL of saline was injected at a flow rate of  

3 mL/s. Following CT non-contrast enhanced scan, con-

tinuous scanning was performed at the arterial phase 

and the venous phase. The plain scan phase, arterial 

phase, and venous phase each contained 670 slices. 

Original data reconstruction: slice thicknes 0.5 mm, 

spacing 0.5 mm, matrix 512 × 512.  

 

A Trio Tim 3.0 T superconducting magnetic resonance 

scanner (Siemens, Berlin, Germany) was used for 

magnetic resonance myelography. Cross section scan-

ning was conducted from the head to the inferior border 

of the third thoracic vertebra. Scanning parameters:    

2 mm slice thickness, 4.92 ms inversion time, 14 ms 

echo time, 500 mm display field of view, and 512 × 512 

matrix, no repeats. Data storage mode was Dicom 3.0 

standard
[31]

. 

 

Reconstruction of the three-dimensional digital  

visualization model of the cervical nerves  

Dicom format fault images were introduced into Mimics 

Figure 5  X-ray examination of the cervical part at the 
anterior view of a female healthy volunteer aged 25 years.  

No abnormal lesion was found in this subject. L: Left. 
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software (Materialise). The contrast, window level, and 

window width were adjusted. Images were positionally 

matched to subvoxel accuracy using the interpolation 

technique.  

 

The interest point in one image in each slice was se-

lected. Closed contour segmentations of the scanned 

images were performed using Mimics software. The 

three-dimensional model was viewed using different in-

tensities of light.  

 

Based on different CT thresholds of skeleton, skin, and 

trachea, contour line extraction at different thresholds was 

performed using the thresholding tool (Materialise). The 

Contour Line Extraction Algorithm Based on Region 

Growing is presented. Three-dimensional digital models of 

the cervical vertebra, first-third thoracic vertebra, maxilla 

and mandible, clavicle, sternum and scapula, skin, and 

trachea were constructed using semi-automatic segmen-

tation.  

 

Based on the different CT thresholds of the artery, vein, 

thyroid gland, and laryngeal cartilage at different phases of 

angiography, the contour line extraction was performed 

using thresholding. A dynamic region growing technique, 

which enhanced image segmentation results, was used 

for construction of the three-dimensional digital model of 

the ascending aorta, aortic arch, subclavian artery, com-

mon carotid artery, vertebral artery, superior thyroid artery, 

inferior thyroid artery, external jugular vein, internal jugular 

vein, subclavian vein, thyroid gland, hyoid bone, laryngeal 

cartilage (thyroid cartilage), and the sternocleidomastoid. 

Redundant data were removed. The C1–T3 spinal cord 

was segmented using region growing. A 

three-dimensional digital model of the C1–T3 spinal cord 

was constructed using the Marching Cubes algorithm
[32]

. 

Medical computer-aided design was used for manipulating 

the relation between the nerves and the surrounding 

structures. Nerve pipe editor was utilized to identify the 

position of the key point of different nerves, which was 

connected with a line of different diameters to simulate 

nerve morphology, distribution, and size. Subsequently, a 

digital model of the spinal ganglia, communicating branch, 

brachial plexus root, trunk, bundle, cervical segments of 

vagus nerve, cervical sympathetic nerve trunk, cervical 

sympathetic ganglia (superior cervical ganglion, middle 

cervical ganglion, cervicothoracic ganglion), cervical 

plexus cutaneous branch (supraclavicular nerves, trans-

verse nerve of the neck, great auricular nerve, lesser oc-

cipital nerve), phrenic nerve, superior laryngeal nerve (in-

ternal and external branches), recurrent laryngeal nerve, 

levator scapulae muscle, and scalenus medius was 

created. Different anatomic structures were distinguished 

by pseudo coloring. The three-dimensional model was 

revealed by a triangular patch. The model was then ex-

ported using STL format.  

 

Validation of the three-dimensional digital 

visualization model of the cervical nerves  

Clinical medical experts and imaging experts compared 

the three-dimensional model results to the human ana-

tomical structure to verify the accuracy and rationality of 

this model. The modeling standard was in accordance 

with the morphological characteristics and the geome-

trical modeling technique. Tissue structure checking con- 

tained geometric topology, size, shape, branch, hole, and 

density of various tissue structures
[20]

.  

 

After three-dimensional model construction, different 

tissues were shown by different pseudo colors. Very 

small structures could be magnified or hyalinized. The 

spatial relation between different structures could be 

observed by using different angles or cross sections.   
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