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Abstract: Objectives: To construct a three-dimensional visualized model of the sacral nerve canal, and understand 
its structure and angles. Methods: This was a retrospective study including 20 patients undergoing computerized to-
mography (CT) scanning of the sacrum. Consecutive CT images in Dicom format were directly imported into Mimics 
software. The images were edited selectively and repaired by hole procession. The sacral nerve canal was removed 
and a three-dimensional visualized model was acquired. The cylinder model was established to simulate axial im-
ages of the sacral nerve foramen. The angles of this cylinder in different conditions were measured and recorded. 
Results: A three-dimensional visualized model of the sacral nerve canal was successfully constructed, by which the 
space occupied and course of the sacral nerve canal were directly displayed. The angle between the anterior and 
posterior sacral nerve canals in the left sacrum 1 was 94.10°±3.72°, while on the right side it was 93.21°±4.19°. 
The angles between the vertical line and the cross-sectional plane in axial position of the left and right sacral 
nerve foramens were 26.27°±3.75° and 26.66°±2.65°, respectively. The angles between the vertical line and the 
sagittal plane in axial position of the left and right sacral nerve foramens were 46.24°±4.24° and 47.74°±5.32°, 
respectively. No significant differences were found (all P>0.05). Conclusions: A three-dimensional visualized model 
of the sacral nerve canal was established based on CT images using the Mimics software. This can reflect the mor-
phologic features and course of the sacral nerve canal accurately, directly, and comprehensively.
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Introduction

Sacral fractures have been reported to account 
for approximately 20%-30% of pelvic fractures, 
and 22%-60% of sacral fractures are accompa-
nied by neurologic symptoms [1, 2]. When the 
sacrum is subjected to strong violence, it easily 
fractures and loses symmetry, resulting in 
deformation and narrowing of the sacral fora-
men, sacral nerve compression, and further 
corresponding functional disorders [3].

In clinical practice, sacral fracture combined 
with sacral nerve injury is a common and seri-
ous trauma. Currently, surgery is still the main 
treatment method. Therefore, mastering the 
space occupation and course of the sacral 
nerve canal can enable doctors to have a more 
thorough understanding of the sacral nerve for 
surgeries such as sacral fracture fixation and 

sacral nerve decompression [4]. Currently, 
there are two methods for observing the course 
of the anterior and posterior branches of the 
sacral nerve within the sacral nerve canal: 
cadaver dissection and imaging anatomy. The 
sacral nerve canal is a sealed canal within the 
sacrum. If cadaver dissection is used to deter-
mine the exact position of the sacral nerve 
canal in the sacrum, it is necessary to perform 
operations such as dissection, observation, 
measurement, and casting of the sacral nerve 
canal, which undoubtedly increase the difficulty 
of experimental research [5]. The number of 
corpses used in such study was relatively large. 
Moreover, the sources of corpses were limited 
and the cost of corpses was relatively high, all 
of which affect the development of cadaver dis-
section research [6]. Computerized tomography 
(CT) workstations can perform three-dimen-
sional reconstruction of the pelvis and sacrum, 
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with clear reconstructed images which show 
the location and characteristics of fractures 
and display the shape of the sacral foramen. 
Whether bone blocks are embedded in the 
sacral foramen can be determined through 
layer scanning [7]. However, CT scan is mainly 
used to diagnose and observe surface condi-
tions, and it is not an accurate reflection of the 
internal spaces and structural characteristics 
of the sacral nerve canal [8].

Thus, this study established a three-dimension-
al visualized digital model of the sacral nerve 
pathway in the sacrum, which is most prone  
to nerve damage in fractures, through the 
Materialise’s interactive medical image control 
system (Mimics) software. Mimics is a three-
dimensional digital interactive medical image 
control system and a three-dimensional image 
generation and editing software developed by 
Materialise in Belgium. Mimics inputs various 
scanning data (such as CT and magnetic reso-
nance imaging (MRI) data) and converts them 
into accurate three-dimensional digital models 
for anatomic teaching, surgical simulation, and 
finite element research. Mimics quickly con-
verts scanning data into formats for computer-
aided design (CAD) and finite element analysis 
(FEA). Then these data are output for rapid pro-
totyping manufacturing (RPM), CAD, computer 
aided analysis (CAE), computer aided manufac-
turing (CAM), and FEA. Mimics can provide an 
efficient material allocation method based on 
grayscale values, which can accurately assign 
materials to three-dimensional models. The 
course of the sacral nerve canal pathway was 
observed and the angle between the anterior 
and posterior sacral nerve canals was mea-

sured. The three-dimensional visualized digital 
model was intuitive and easy to observe, help-
ing surgeons deepen their understanding of the 
space occupation and course of the sacral 
nerve canal in the sacrum.

The aims of this study were as follows: (1) 
exploring the reconstruction and visualization 
methods of a three-dimensional digital model 
of the sacral nerve canal; (2) understanding the 
structure of the sacral nerve canal and the 
angle between the anterior and posterior sacral 
nerve canals in Sacrum 1 (S1), helping sur-
geons to enhance their understanding of the 
space occupied by the sacral nerve canal, and 
providing a basis for the diagnosis and treat-
ment of sacral fractures and sacral nerve inju-
ries; (3) enriching the clinical research methods 
by providing an effective reference for the pro-
jection angle of the sacral nerve canal during 
the surgery, and improving the accuracy of 
screw placement in sacral fracture and sacral 
nerve decompression surgeries.

Materials and methods

Subjects

This was a retrospective study. The image data 
of patients who underwent the scanning of 
sacral bones for physical examination in CT 
room of The Third Hospital of Hebei Medical 
University from May 2012 to October 2012 
were collected. This study was approved by the 
Ethics Committee of The Third Hospital of Hebei 
Medical University (No. 2012-014). Inclusion 
criteria: (1) Patient’s age ranged from 18 to 65 
years old; (2) Patients underwent the CT scan-
ning using Siemens 64 slice spiral CT machine; 
(3) The scanning area should include lumbar 
vertebrae 5 (L5) to sacral vertebrae 2 (S2). 
Exclusion criteria: (1) The age was not between 
18 and 65 years old; (2) Patients were diag-
nosed as having injuries such as sacral or sac-
roiliac joint fractures and dislocations; (3) 
Patients had concomitant diseases such as 
rheumatism, tuberculosis, tumors, and anky-
losing spondylitis; (4) Patients had anatomical 
variations such as spina bifida and lumbosacral 
transitional vertebrae. According to the inclu-
sion and exclusion criteria, a total of 20 patients 
were selected. The general information of these 
patients is shown in Table 1.

Table 1. General information of patients in 
this study
Data Values
Subjects (Number) 20
Gender
    Male 10
    Female 10
Age (years) 44.0±2.6
BMI (kg/m2) 22.1±1.4
Hypertension [Number (%)] 4 (20%)
Diabetes mellitus [Number (%)] 5 (25%)
Hyperlipidemia [Number (%)] 4 (20%)
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Examination equipment

SIEMENS 64 slice spiral CT (SIEMENS, Ger- 
many), SIEMENS 64 slice spiral CT workstation, 
Picture Archiving and Communication Systems 
(PACS), personal PC hardware platform (CPU: 
Intel Pentium Duo Core E7500 2.93G. Moth- 
erboard chipset: Intel G41. Memory: 4096M, 
DDR2800MHz module. Hard disk: 500G. 
Graphics card: Intel GMA X4500, dynamic 
shared memory. Display: 19.0 inch of Samsung 
S19A330BW. Display performance: 1440 × 
900 pixels), personal PC operating platform 
Windows XP, and a three-dimensional recon-
struction visualization software Interactive 
Medical Image Control System Mimics 10.01 
(Materialise, Belgium) were used.

Methods

Outcome measures: The main outcome mea-
sures included the angles between the anterior 
and posterior sacral nerve canals, the angles 
between the vertical line and the sagittal plane 
in axial position of the left sacral nerve fora-
men, and the angles between the vertical line 
and the cross-sectional plane in axial position 
of the left sacral nerve foramen. The secondary 
outcome measures included axial images of 
the sacral nerve foramen and the observations 
of the sacral nerve canal in the three-dimen-
sional visualized model.

Scanning conditions: SIEMENS 64 slice spiral 
CT was applied for continuous scanning with a 
scanning angle of 0°. Scanning conditions were 
as follows: tube voltage: 120 kV, tube current: 
150 mA, slice thickness: 5.0 mm, 512 × 512 
matrix.

Data storage: The continuous cross-sectional 
CT images in the CT workstation were copied to 

compact disc in the form of DICOM. The com-
plete CT image data from 20 patients were 
obtained.

Importing cross-sectional images into the 
Mimics software: In a personal computer sys-
tem, continuous cross-sectional pelvic images 
in the form of DICOM were imported into the 
Mimics software (version 10.01) [9]. The up 
and down, left and right, and front and back 
directions of the body position were defined, 
and then two-dimensional images of the cross-
sectional, coronal, and sagittal planes were dis-
played, as shown in Figure 1.

Image edition and hole processing: The 
“Thresholding” in the Segmentation Menu was 
adjusted [10]. A standard human bone thresh-
old (CT value between 226-2498 Hu) was 
defined as the “Mask” range. The “Region 
Growth” tool was used to segment the bones. 
The “Edit Mask” was used to erase excessive 
structures such as bilateral sacroiliac joints 
and lumbar vertebrae, retaining only the 
sacrum. The images were edited and under-
went hole processing, and then the irrelevant 
edge clutter and redundant data were deleted, 
as shown in Figure 2.

Drawing of the sacral nerve canal: The “Dy- 
namic Region Growth” tool in the “Segmentation 
Menu” was selected to segment the bones, 
and the “Edit Masks” was used to draw the 
sacral nerve canal layer by layer, as shown in 
Figure 3.

Reconstruction of the three-dimensional visu-
alized model of the sacrum and sacral nerve 
canal: The “Calculate 3D from Masks” in the 
Segmentation Menu was used to select the 
corresponding mask, and the “Quality” was 
performed through the “Optimal*” calculation 

Figure 1. Determination of orientation of the two-dimensional image. A: The cross-sectional plane. B: The coronal 
plane. C: The sagittal plane.
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Figure 2. Bilateral conjunction of the sacroiliac joint erased by the Edit Masks. A: The cross-sectional plane. B: The 
coronal plane. C: The sagittal plane.

Figure 3. Rendering of the sacral nerve canal. A: The cross-sectional plane. B: The coronal plane. C: The sagittal 
plane. 

Figure 4. Three-dimensional reconstruction of the sacrum and sacral nerve 
canal. A: Sacrum. B: Sacral nerve canal.

method. After running these settings, the three-
dimensional model of the sacrum and sacral 
nerve canal were reconstructed, as shown in 
Figure 4.

Simulation of axial images of the sacral nerve 
foramen: The “Draw Cylinder” option in Med 
CAD was selected and a cylindrical model was 
established. The simulation was placed 
between the anterior and posterior foramens of 
the spinal nerve S1, as shown in Figure 5.

Record and measurement: In the tools of the 
Mimics software, the 3D angle measurement 
tool was selected. In the 3D visualized model of 

the sacral nerve canal, with 
the outer edge of the anterior 
and posterior foramens of the 
sacral nerve canal in the 
sacrum 1 as the reference, 
the angle between the anteri-
or and posterior sacral nerve 
canals in the sacrum 1 was 
measured through the 3D 
method, as shown in Figure 
6A. Using the perpendicular 
line of the scanning bed as a 
reference, the angles between 
the centerline of the simulat-
ed cylindrical model and the 

perpendicular line of the bed surface in both 
the sagittal and cross-sectional planes were 
measured, as shown in Figure 6B and 6C.

Statistical analysis

SPSS software (version 13.0) was used to per-
form statistical analysis on the measured data. 
The measured data were presented as mean ± 
standard deviation. The counted data were pre-
sented as percentages/number. Normality 
tests were performed for all of the data. If the 
data conformed to a normal distribution, a 
paired t-test was conducted for comparison 
between the left and right sides. If the data did 
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Figure 5. Simulation of cylinder model. A: Cross-sectional plane. B: Coronal plane. C: Sagittal plane. D: Cylinder 
model.

Figure 6. Measurement of angles. A: Angles between the anterior and posterior sacral nerve canals. B: Angles in the 
sagittal plane. C: Angles in the cross-sectional plane.

not conform to a normal distribution, non-para-
metric tests were conducted for comparison 
between the left and right sides. P<0.05 indi-
cated a significant difference. 

Results

Axial images of the sacral nerve foramen

The three-dimensional visualized model of the 
sacral nerve canal showed that the anterior 
and posterior sacral nerve canals were not 
completely regular straight canals, and the 
anterior sacral foramen was much larger than 
the posterior sacral foramen. Although the 

angles between the anterior and posterior 
sacral nerve canals were obvious, the cylindri-
cal model could pass through the posterior 
sacral foramen directly from the inner side of 
the anterior sacral foramen. The occupation of 
the cylindrical model was adjusted layer by 
layer in the cross-sectional, coronal, and sagit-
tal scanning images, so that the cylindrical 
model passed through the center of the poste-
rior nerve foramen of the sacrum 1 antero-
gradely from the inner side of the anterior nerve 
foramen of the sacrum 1. This position was 
defined as the axis of the sacral nerve foramen, 
as shown in Figure 6.
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Observation of the sacral nerve canal in the 
three-dimensional visualized model

A three-dimensional visualized model of the 
sacrum and sacral nerve canal was estab-
lished, which intuitively displayed the occupa-
tion and course of the sacral nerve canal in the 
sacrum bone. The continuation of the sacral 
intervertebral foramen formed the anterior and 
posterior sacral nerve canals, which ran from 
the intervertebral foramen to the outer lower 
part of the anterior and posterior sacra, respec-
tively, and were gradually expanded, forming a 
leaky bucket shape. The posterior sacral nerve 
canal had a shorter course and smaller diame-
ter than the anterior sacral nerve canal.

Measurements of angles

As shown in Table 2, the angles between the 
anterior and posterior sacral nerve canals in 
the left sacrum 1 were 93.89°, 91.71°, 96.21°, 
92.89°, 99.46°, 88.20°, 93.66°, 91.86°, 
88.69°, 99.44°, 96.60°, 94.26°, 101.95°, 
94.19°, 89.80°, 89.46°, 96.27°, 96.38°, 
95.17°, and 91.84°, respectively, with an aver-
age value of 94.10°±3.72°. The angles between 
the anterior and posterior sacral nerve canals 
in the right sacrum 1 were 98.01°, 91.53°, 
98.41°, 86.04°, 86.00°, 92.40°, 96.36°, 
91.47°, 92.47°, 90.15°, 93.73°, 99.18°, 
92.65°, 93.26°, 96.32°, 99.84°, 92.66°, 
92.00°, 85.84°, and 95.92°, respectively, with 
an average value of 93.21°±4.19°. There were 
no statistically significant differences between 
the left and right sides. The angles between the 
vertical line and the sagittal plane in axial posi-
tion of the left sacral nerve foramen were 
49.52°, 43.19°, 45.94°, 46.94°, 46.45°, 
37.55°, 52.85°, 44.07°, 44.08°, 43.09°, 
38.55°, 51.00°, 48.95°, 52.47°, 41.45°, 

the left and right sides. The angles between the 
vertical line and the cross-sectional plane in 
axial position of the left sacral nerve foramen 
were 19.04°, 27.95°, 20.80°, 31.69°, 27.50°, 
23.27°, 28.94°, 26.20°, 27.65°, 33.93°, 
22.61°, 24.93°, 25.82°, 26.15°, 24.69°, 
22.10°, 26.32°, 25.09°, 31.84°, and 28.88°, 
respectively, with an average value of 26.27°± 
3.75°, and those in the axial position of the 
right sacral nerve foramen were 30.26°, 
23.84°, 24.08°, 27.17°, 29.73°, 28.57°, 
26.22°, 25.64°, and 24.78°, respectively, with 
an average value of 26.66°±2.65°. No signifi-
cant differences were observed between the 
left and right sides.

Discussion

The sacral nerve canal is considered a sealed 
canal within the sacrum. Many discussions and 
clinical studies regarding surgical approaches 
have focused on how to avoid iatrogenic injury 
of the sacral nerve. Some studies reported that 
the incidence of intraoperative sacral nerve 
damage was 2%-18% [11]. Regardless of the 
surgical fixation methods, closed reduction or 
open reduction, it is particularly important to 
determine the safety zone and nerve course to 
avoid iatrogenic injury. Previous studies had 
mostly focused on establishing three-dimen-
sional models of bone structures [12]. Contrary 
to most previous studies on the construction of 
three-dimensional models using CT worksta-
tions or dissection of the sacral nerve canal 
[13, 14], this study established a three-dimen-
sional visualized model of the sacral nerve 
canal through the CT thin layer scanning tech-
nology, direct reading of images in the format of 
Dicom, and application of the Mimics software. 
Mimics is a highly integrated and user-friendly 
three-dimensional image generation and edit-

Table 2. Measurements of different angles in sacrum 1
Subjects 
(Number) Angle 1 Angle 2 Angle 3

Left side N=20 94.10°±3.72° 26.27°±3.75° 46.24°±4.24°
Right side N=20 93.21°±4.19° 26.66°±2.65° 47.74°±5.32°
t value - 0.623 0.341 0.969
P value - 0.541 0.737 0.345
Note: Angle 1 referred to the angle between the anterior and posterior sacral 
nerve canals. Angle 2 referred to the angle between the vertical line and the 
cross-sectional plane in axial position of the left sacral nerve foramen. Angle 
3 referred to the angle between the vertical line and the sagittal plane in axial 
position of the sacral nerve foramen.

48.41°, 46.58°, 51.09°, 47.60°, 
and 45.09°, respectively, with 
an average value of 46.24°± 
4.24°, and those in axial posi-
tion of the right sacral nerve 
foramen were 39.08°, 49.09°, 
51.55°, 50.39°, 54.41°, 50.31°, 
51.26°, 52.14°, 43.48°, 53.13°, 
39.96°, 56.60°, 44.28°, 46.89°, 
49.82°, 37.31°, 50.15°, 44.99°, 
42.20°, and 47.70°, respective-
ly, with an average value of 
47.74°±5.32°. No significant dif-
ferences were found between 
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ing software, which can input various scanning 
data such as CT and MRI, establish three-
dimensional models for editing, and then out-
put data in general formats for CAD, FEA, and 
rapid prototyping [15, 16]. The large-scale con-
version and processing operations for scanning 
data can be performed on a personal comput-
er. This construction method based on CT imag-
es using the Mimics software has two advan-
tages in contrast to previous methods: use of 
models with high precision and fast running 
speed [16, 17], which were also observed in 
this study. Also, some studies reported that the 
method used in this study could generate raw 
data required for nearly prefect reconstruction, 
greatly reducing human error in the process of 
modeling and preventing the loss of raw data 
[18]. This method can read hundreds of images 
in a very short time, making the conversion of 
raw CT image data very fast, and eliminating 
the need for manual determination of node 
coordinates and other processing during mod-
eling [19].

The space occupation and course of the sacral 
nerve canal are very important for surgical 
decompression for sacral nerve injury [20]. 
Percutaneous sacroiliac screw insertion, as the 
main treatment method for sacral fractures, 
has become widely used due to its good biome-
chanical stability and minimally invasive tech-
nique. However, improper placement, direction, 
or length of sacroiliac screws can lead to iatro-
genic neurovascular or organ damage [21]. The 
anatomic and imaging studies on the safety of 
sacroiliac screw insertion were based on the 
fact that sacroiliac screws cannot enter the 
sacral nerve canal. The study on the relation-
ship between the anterior sacral foramen and 
corresponding sacral nerve roots in sacrum 
bones [22] showed that from S1 to S4, the 
sacral nerve areas at the entrance of the sacral 
intervertebral foramen accounted for approxi-
mately 40%, 30%, 20%, and 15% of the anteri-
or sacral foramen area, respectively. The sacral 
nerve areas at the outlet of the anterior sacral 
foramen accounted for 30%, 20%, 15%, and 
15% of the anterior sacral foramen area, 
respectively. The shape of the entrance to the 
sacral intervertebral foramen was approxi-
mately oval, while that of the outlet was nearly 
circular. At the entrance to the sacral interver-
tebral foramen, the cross-sectional areas of 
the S2, S3, and S4 nerves accounted for 

approximately 70%, 25%, and 10% of the S1, 
while at the outlet of the anterior sacral fora-
men, they accounted for 75%, 30%, and 15% of 
the S1. Therefore, it can be inferred that the 
superior sacral nerve root is relatively more 
susceptible to injury during sacral fractures. In 
this study, the three-dimensional visualized 
model had good morphology and structure, 
both of which could be qualitatively and quanti-
tatively observed. Moreover, this model had a 
realistic shape and obvious anatomic land-
marks, realistically and vividly reflecting the 
spatial anatomic structure and relationships 
between various structures. It could be dis-
played in different colors and dynamically, and 
it also could be observed in multiple directions 
such as by zooming in, zooming out, and rotat-
ing. In this study, the self-contained measure-
ment tools were allowed to perform two-dimen-
sional measurements in the cross-sectional, 
sagittal, and coronal planes, as well as three-
dimensional measurements of the reconstruct-
ed model. The digital reconstruction could intu-
itively and accurately reflect the structural char-
acteristics of the sacrum and sacral nerve 
canals. This study not only established a three-
dimensional visualized model of the sacral 
nerve canal, enabling clinical doctors to under-
stand the course of the sacral nerve, but also 
measured the angels between axial position of 
the sacral nerve foramen (S1) and perpendicu-
lar line of the scanning bed surface through 
simulation of the cylinder model, guiding the 
projection angle of the C-arm bulb tube. The 
clinical significances of this study lies in reduc-
ing the omission of clinical diagnosis of sacral 
fractures combined with sacral nerve injury, 
strengthening the in-depth research regarding 
the concept of minimally invasive surgery, and 
fostering safer and more scientific surgical 
design, which are similar to other studies [23, 
24].

There were some limitations in this study. First, 
although the three-dimensional reconstruction 
and visualization of the sacrum and sacral 
nerve canal were performed and the course 
and angle of the sacral nerve canal in sacrum 1 
were described and observed, the study results 
should be further used to simulate surgery 
through auxiliary design tools (CAD) and other 
software and then verified by cadaver dissec-
tion to gradually improve the preoperative 
design, so as to greatly improve the safety and 
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surgical implementation of this technology. 
Second, measurement was performed on the 
axial position of the sacral nerve foramen, but 
an effective clinical radiological verification was 
not conducted, which should be further investi-
gated in future studies. Third, the establish-
ment of this model and the measurement of 
test indicators were all manually operated by 
one person alone, which might introduce sub-
jectivity. Fourth, the number of patients in this 
study was relatively small, and the study results 
should be confirmed byfurther research using 
larger sample sizes  to obtain more accurate 
reference values.

In summary, the three-dimensional visualized 
model of the sacral nerve canal was firstly 
established through the Mimics software, 
which had the physical characteristics of a real 
object, and comprehensively, accurately, and 
intuitively reflected the morphological charac-
teristics of the sacral nerve canal, with high 
authenticity. By measuring the angles between 
the anterior and posterior sacral nerve canals, 
as well as between the perpendicular line of 
bed surface and the axial image of the sacral 
nerve foramen in the sagittal and cross-sec-
tional planes, it helps surgeons to understand 
the space occupation and course of the sacral 
nerve canals in clinical practice. The perspec-
tive angle of the sacral nerve foramen in axial 
images is also proposed to improve the accu-
racy of operations such as sacral fracture screw 
insertion and sacral nerve decompression 
surgery.
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