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Abstract

BACKGROUND

Hernia is a common condition requiring abdominal surgery. The current standard
treatment for hernia is tension-free repair using meshes. Globally, more than 200
new types of meshes are licensed each year. However, their clinical applications
are associated with a series of complications, such as recurrence (10% - 24%) and
infection (0.5% - 9.0%). In contrast, 3D-printed meshes have significantly reduced
the postoperative complications in patients. They have also shortened operating
time and minimized the loss of mesh materials. In this study, we used the
myopectineal orifice (MPO) data obtained from preoperative computer
tomography (CT)-based 3D reconstruction for the production of 3D-printed
biologic meshes.

AIM
To investigate the application of multislice spiral CT-based 3D reconstruction
technique in 3D-printed biologic mesh for hernia repair surgery.

METHODS

We retrospectively analyzed 60 patients who underwent laparoscopic tension-free
repair for inguinal hernia in the Department of General Surgery of the First
Hospital of Shanxi Medical University from September 2019 to December 2019.
This study included 30 males and 30 females, with a mean age of 40 + 5.6 years.
Data on the MPO were obtained from preoperative CT-based 3D reconstruction as
well as from real-world intraoperative measurements for all patients. Anatomic
points were set for the purpose of measurement based on the definition of MPO:
A: The pubic tubercle; B: Intersection of the horizontal line extending from the
summit of the inferior edge of the internal oblique and transversus abdominis and
the outer edge of the rectus abdominis, C: Intersection of the horizontal line
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extending from the summit of the inferior edge of the internal oblique and
transversus abdominis and the inguinal ligament, D: Intersection of the iliopsoas
muscle and the inguinal ligament, and E: Intersection of the iliopsoas muscle and
the superior pubic ramus. The distance between the points was measured. All
preoperative and intraoperative data were analyzed using the t test. Differences
with P < 0.05 were considered significant in comparative analysis.

RESULTS

The distance between points AB, AC, BC, DE, and AE based on preoperative and
intraoperative data was 7.576 £ 0.212 cm vs 7.573 £ 0.266 cm, 7.627 £ 0.212 cm vs
7.627 £0.212 cm, 7.677 £ 0.229 cm vs 7.567 £ 0.786 cm, 7.589 £ 0.204 cm vs 7.512 £
0.21 cm, and 7.617 + 0.231 cm vs 7.582 + 0.189 cm, respectively. All differences
were not statistically significant (P > 0.05).

CONCLUSION

The use of multislice spiral CT-based 3D reconstruction technique before hernia
repair surgery allows accurate measurement of data and relationships of different
anatomic sites in the MPO region. This technique can provide precise data for the
production of 3D-printed biologic meshes.

Key Words: Hernia; Inguinal; Myopectineal orifice; 3D-printed biologic meshes; Computer
tomography-based 3D reconstruction; Inguinal hernia

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We investigated the application of multislice spiral computer tomography
(CT)-based 3D reconstruction technique in 3D-printed biologic mesh for hernia repair
surgery. We retrospectively analyzed 60 patients who underwent laparoscopic tension-
free repair for inguinal hernia. Data on the myopectineal orifice (MPO) were obtained
from preoperative CT-based 3D reconstruction as well as from real-world
intraoperative measurements for all patients. All preoperative and intraoperative data
were analyzed using the ¢ test. Their differences were not statistically significant. The
use of multislice spiral CT-based 3D reconstruction technique before hernia repair
surgery allows accurate measurement of data and relationships of different anatomic
sites in the MPO region. This technique can provide precise data for the production of
3D-printed biologic meshes.

Citation: Wang F, Yang XF. Application of computer tomography-based 3D reconstruction
technique in hernia repair surgery. World J Clin Cases 2020; 8(23): 5944-5951

URL: https://www.wjgnet.com/2307-8960/full/v8/i23/5944 htm

DOI: https://dx.doi.org/10.12998/wjcc.v8.i23.5944

INTRODUCTION

Hernia is a common condition requiring abdominal surgery. The current standard
treatment for hernia is tension-free repair using meshes!"”. Globally, more than 200
new types of meshes are licensed each year. They are primarily divided into synthetic
and biologic meshes, which are used to repair myopectineal orifice (MPO) defects with
different mechanisms. However, their clinical applications are associated with a series
of complications, such as recurrence and infection, leading to a bottleneck in the
development of hernia repair techniques™!. Statistics show that the recurrence rate
after hernia repair surgery ranges from 10% to 24%!], and postoperative mesh
infection rate ranges from 0.5% to 9.0%".. This has led to the advent of 3D-printed
meshes. Since their emergence, 3D-printed meshes have significantly reduced
postoperative complications in patients. They have also shortened operating time and
minimized the loss of mesh materials’"l. Physicians in Italy have conducted
investigations with 3D-printed meshes and achieved considerable progress. However,
there is no systematically formulated process of clinical application. When using 3D
printing technology in hernia surgery, the first step is the generation of stereoscopic
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images of the MPO and defect sites for data analysis using computer tomography
(CT)-based 3D reconstruction technique. Next, the stereoscopic 3D imaging data is
input to a 3D printer. Using exclusive mesh materials and specific computational
programs, the 3D printing device gradually stacks the materials layer-by-layer to
complete the construction of a “3D mesh”. Currently, the application of CT imaging in
hernia repair surgery is mostly focused on preoperative diagnosis and classification"",
determination of mesh sizel'”, and assessment of postoperative infection of the
inguinal region for treatment plan formulation. Reports on the use of CT imaging for
the precise assessment of the MPO and sites of hernia and its application to the
production of 3D biologic meshes are absent. The purpose of the present study was to
conduct statistical analysis of the MPO data obtained from preoperative CT-based 3D
reconstruction and real-world intraoperative measurements so as to identify the
differences between them and determine whether the multislice spiral CT-based 3D
reconstruction technique can be an ideal method to obtain precise data for the
production of 3Dprinted biologic meshes.

MATERIALS AND METHODS

Baseline characteristics

A total of 60 patients who underwent laparoscopic tensionfree repair for inguinal
hernia at the Department of General Surgery of the First Hospital of Shanxi Medical
University from September 2019 to December 2019 were retrospectively analyzed. This
study included 30 males and 30 females, with a mean age of 40 + 5.6 years. All patients
were confirmed to have no history of diseases that affected the anatomy of the
inguinal region, such as disorders of collagen metabolism; history of inguinal hernia;
history of lower abdominal surgery; and history of prostate, seminal vesicle, or uterus
resection. The patients underwent preoperative thin-slice CT scanning of the inguinal
region. Data of the MPO collected through CT-based 3D reconstruction and real-world
intraoperative measurements were compared.

Methods

The following measurement points were set according to the definition of MPO: A:
The pubic tubercle; B: Intersection of the horizontal line extending from the summit of
the inferior edge of the internal oblique and transversus abdominis and the outer edge
of the rectus abdominis; C: Intersection of the horizontal line extending from the
summit of the inferior edge of the internal oblique and transversus abdominis and
transversus abdominis and the inguinal ligament; D: Intersection of the iliopsoas
muscle and inguinal ligament; and E: The intersection of the iliopsoas muscle and the
superior pubic ramus. The distance between points AB, AC, BC, DE, and AE in the
patients was measured using the state-of-the-art dual-source dual-energy CT scanner
FORCE (Siemens,Berlin, Germany), purchased by our hospital. These line segments
were not in the same plane and did not intersect with each other. The region enclosed
by their projections was free of muscle and bone tissues, i.e., the stereoscopic 3D
structure of the MPO. All intraoperative measurements were obtained during
laparoscopic totally extraperitoneal (TEP) inguinal hernia repair: Under general
anesthesia, a 10-mm infraumbilical incision was made and extended in layers to the
posterior rectus sheath. A pneumoperitoneum was established after a trocar was
inserted. A preliminary preperitoneal space was established by advancing the
laparoscope with sweeping motions. Next, two trocars were placed at the superior 1/3
and inferior 1/3 of the midline, as instrument portals. The spaces of Retzius and
Bogros were fully exposed, and the superior edge of the dissected space was 2 cm
beyond the conjoint tendon. Spermatic cord peritoneal stripping must be performed in
male patients, while the round ligament of the uterus in female patients could be
dissected if necessary. Finally, the distance between points AB, AC, BC, DE, and AE in
the operative field was measured using a sterile soft ruler and recorded.

Comparison of the measurement points marked in the CT-based 3D reconstruction
images and during the surgery is shown in Figure 1.

Statistical analysis

The SPSS 20.0 statistical software was used to perform paired sample ¢-test analysis on
the distance between the measurement points of the MPO predicted by the multislice
spiral CT-based 3D reconstruction data and the real-world intraoperative
measurement data. P > 0.05 indicated that there was no statistical difference between
the two sets of data. The distance between the measurement points of the MPO
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Figure 1 Comparison of the measurement points marked in the computer tomography-based 3D reconstruction images and during the
surgery. A: The pubic tubercle; B: Intersection of the horizontal line extending from the summit of the inferior edge of the internal oblique and transversus abdominis
and the outer edge of the rectus abdominis, C: Intersection of the horizontal line extending from the summit of the inferior edge of the internal oblique and transversus
abdominis and the inguinal ligament, D: Intersection of the iliopsoas muscle and the inguinal ligament, and E: Intersection of the iliopsoas muscle and the superior

pubic ramus.

Jaishideng®

predicted using the multislice spiral CT-based 3D reconstruction technique and that
predicted using the real-world intraoperative measurement data was considered to be
similar. Comparison of preoperative CT measurement data and intraoperative
measurement data is shown in Table 1 and Figure 2.

RESULTS

The MPO data for all 60 patients were collected by preoperative CT-based 3D
reconstruction as well as intraoperative measurements. All surgeries were completed
successfully. The preoperative and intraoperative data showed that the distance
between points AB, AC, BC, DE, and AE was 7.576 + 0.212 cm vs 7.573 £ 0.266 cm,
7.627 £0.212 cm vs 7.627 £ 0.212 cm, 7.677 + 0.229 cm vs 7.567 + 0.786 cm, 7.589 + 0.204
cm vs 7.512 £ 0.21 ¢cm, and 7.617 £ 0.231 cm vs 7.582 % 0.189 cm, respectively. The
differences were not statistically significant (P > 0.05). These data fully supported that
the distance between the measurement points of the MPO predicted using the
multislice spiral CT-based 3D reconstruction technique and that predicted using real-
world intraoperative measurement data was similar.

DISCUSSION

Three-dimensional printing technology has been playing an increasingly important
role in numerous fields. In the medical field, 3D-printing technology has also been
investigated in many disciplines, with some progresses achieved. Specifically in hernia
repair surgery, the use of 3D-printed biologic meshes has drawn increasing attention
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Table 1 Comparison of preoperative computer tomography measurement data and intraoperative measurement data

Connections between markers mean * SD tvalue P value
AB, preoperative 7.576 £0.212 0.014 0.990
AB, intraoperative 7.573 £ 0.266

AC, preoperative 7.627 £0.212 0.147 0.891
AC, intraoperative 7.627 £0.212

BC, preoperative 7.677 +0.229 0.752 0.494
BC, intraoperative 7.567 £ 0.786

DE, preoperative 7.589 + 0.204 0.585 0.590
DE, intraoperative 7.512+0.21

AE, preoperative 7.617 £ 0.231 0.214 0.841
AE, intraoperative 7.582 +0.189

A: The pubic tubercle; B: Intersection of the horizontal line extending from the summit of the inferior edge of the internal oblique and transversus
abdominis and the outer edge of the rectus abdominis, C: Intersection of the horizontal line extending from the summit of the inferior edge of the internal
oblique and transversus abdominis and the inguinal ligament, D: Intersection of the iliopsoas muscle and the inguinal ligament, and E: Intersection of the
iliopsoas muscle and the superior pubic ramus.

P =0.49%4
7.70 . oA

7.65 |
7.60
7.55
7.50

7.45

Figure 2 Comparison of preoperative computer tomography measurement data and intraoperative measurement data. A: The pubic tubercle;
B: Intersection of the horizontal line extending from the summit of the inferior edge of the internal oblique and transversus abdominis and the outer edge of the rectus
abdominis, C: Intersection of the horizontal line extending from the summit of the inferior edge of the internal oblique and transversus abdominis and the inguinal
ligament, D: Intersection of the iliopsoas muscle and the inguinal ligament, and E: Intersection of the iliopsoas muscle and the superior pubic ramus.

due to their advantages, such as low recurrence rate, infection rate, and frequency of
adverse reactions and rapid integration with the body. The first step of 3D-printed
biologic mesh production is based on CT-based 3D reconstruction, i.e., generation of
stereoscopic images of the MPO and defect sites for data analysis. First, all patients
underwent CT of the MPO and defect sites to obtain the tomographic images of the
relevant sites. These images were saved and transferred to the computer. Analyses on
the scans of the relevant sites were conducted by an experienced physician with the
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aid of a software. Then, 3D images were constructed by the computer. After filling, 3D
models were generated, and the anatomic measurement points were set on the model
as mentioned above. The distance between the points was measured. The data
obtained from the aforementioned model were compared with the data from the
corresponding measurement points obtained from intraoperative measurements. The
totally extraperitioneal repair was used for all the operations. The midline trocars
layout was set intraoperatively, and trocars could be moved up moderately according
to actual needs. It has been confirmed by studies that the final operation effect is not
affected by differences in patients’ height, age and BMI"\. The results showed that the
two sets of data were not significantly different. Further reduction in their differences
may make the CT-based 3D reconstruction technique an ideal measurement method
that can rapidly provide precise data to support the production of 3D-printed biologic
meshes.

CONCLUSION

In summary, the increasing number of hernia operations has led to an increasing
demand for meshes. In addition, the gradual improvement of living standards also
raises the bar for the requirements on mesh materials and postoperative outcomes.
However, existing meshes often lead to a series of complications, such as pain,
infection, hematoma, edema, recurrence, and abdominal adhesions. The development
of these conditions is mostly associated with inappropriate mesh sizes, postoperative
mesh displacement, and inflammation. In addition, 3D-printed biologic meshes are
individualized and their production is entirely based on the patient’s MPO and
defects. They exhibit precise distribution in 3D space and can fit precisely in the
surgical site, which greatly reduces mesh displacement and the risk of recurrence and
other postoperative complications. Three-dimensional meshes can also be easily
implanted during surgery, greatly reducing operative difficulty and significantly
increasing their popularity. Patients” quality of life can also be significantly improved,
allowing them to better serve the community. Biologic meshes produced via 3D
printing may benefit the majority of patients in the near future, which will in turn
benefit the society.

ARTICLE HIGHLIGHTS

Research background

Hernia is a common condition requiring abdominal surgery. The current standard
treatment for hernia is tension-free repair using meshes. Globally, more than 200 new
types of meshes are licensed each year. However, their clinical applications are
associated with a series of complications, such as recurrence and infection, leading to a
bottleneck in the development of hernia repair surgery techniques. Statistics show that
the recurrence rate after hernia repair surgery ranges from 10% to 24%, and
postoperative mesh infection rate ranges from 0.5% to 9.0%.

Research motivation

The existing drawback has led to the advent of 3D-printed meshes. Since their
emergence, 3D-printed meshes have significantly reduced postoperative complications
in patients. They have also shortened operating time and minimized the loss of mesh
materials. However, it is difficult to obtain accurate data of the pectineal foramen
before surgery. This study aims to find a simple, effective, non-invasive and accurate
method to provide data support for the production of 3D-printed mesh.

Research objectives

The purpose of the present study was to conduct statistical analysis of the
myopectineal orifice (MPO) data obtained from preoperative computer tomography
(CT)-based 3D reconstruction and real-world intraoperative measurements so as to
identify the differences between them and determine whether the CT-based 3D
reconstruction technique can be an ideal method to obtain precise data for the
production of 3D-printed biologic meshes.
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Research methods

This was a retrospective analysis of 60 patients who underwent laparoscopic tension-
free repair for inguinal hernia in the Department of General Surgery of the First
Hospital of Shanxi Medical University from September 2019 to December 2019. This
study included 30 males and 30 females, with a mean age of 40 + 5.6 years. Data on the
MPO were obtained from preoperative CT-based 3D reconstruction as well as from
real-world intraoperative measurements for all patients. All preoperative and
intraoperative data were analyzed using the f test. Differences with P < 0.05 were
considered significant in comparative analysis.

Research results

The distance between points AB, AC, BC, DE, and AE based on preoperative and
intraoperative data was 7.576 + 0.212 cm vs 7.573 + 0.266 cm, 7.627 £ 0.212 cm vs 7.627
0.212 cm, 7.677 + 0.229 cm vs 7.567 + 0.786 cm, 7.589 + 0.204 cm vs 7.512 + 0.21 cm, and
7.617 £ 0.231 cm vs 7.582 + 0.189 cm, respectively. All differences were not statistically
significant (P > 0.05).

Research conclusions

The use of multislice spiral CT-based 3D reconstruction technique before hernia repair
surgery allows accurate measurement of data and relationships of different anatomic
sites in the MPO region. This technique can provide precise data for the production of
3D-printed biologic meshes.

Research perspectives

Specifically in hernia repair surgery, the use of 3D-printed biologic meshes has drawn
increasing attention due to their demonstrated advantages, such as low recurrence
rate, infection rate, and frequency of adverse reactions and rapid integration with the
body. The first step of 3D-printed biologic mesh production is based on CT-based 3D
reconstruction, i.e., generation of stereoscopic images of the MPO and defect sites for
data analysis, which allows the CT-based 3D reconstruction technique to become an
ideal measurement method that can rapidly provide precise data to support the
production of 3D-printed biologic meshes.
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