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Application of a three-
dimensional printed pelvic model
in laparoscopic radical resection
of rectal cancer

Feng Lu †, Lei Qiu †, Peng Yu †, Da-Lai Xu, Yong-Chang Miao*

and Gang Wang*

Department of General Surgery, Second People’s Hospital of Lianyungang, Lianyungang, Jiangsu, China
Introduction: To investigate the application value of a three-dimensional (3D)

printed pelvic model in laparoscopic radical resection of rectal cancer.

Methods: Clinical data of patients undergoing laparoscopic radical rectal cancer

surgery in The Second People's Hospital of Lianyungang City from May 2020 to

April 2022 were selected. Patients were randomly divided into general imaging

examination group (control group, n=25) and 3D printing group (observation

group, n=25) by random number table method, and the perioperative situation of

patients in the two groups was compared.

Results: There was no significant difference in general data between the two

groups (p>0.05). Operation time, intraoperative blood loss, intraoperative time to

locate inferior mesenteric artery, intraoperative time to locate left colic artery,

first postoperative exhaust time and length of hospital stay in the observation

group were all lower than those in the control group (P < 0.05); There were no

significant differences in the total number of lymph nodes and complications

between the two groups (P > 0.05).

Discussion: The application of 3D printed pelvic model in laparoscopic radical

resection of rectal cancer is conducive to understanding pelvic structure and

mesenteric vascular anatomy, reducing intraoperative bleeding and shortening

operation time, which is worthy of further clinical application.

KEYWORDS

rectal cancer, three-dimensional printer, pelvic, inferior mesenteric artery (IMA),
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Introduction

Colorectal cancer is the second leading cause of cancer-related

mortality worldwide (1). Rectal cancer constitutes approximately

30% of all colorectal cancers. Comprehensive treatment based on

surgery can improve the prognosis of patients (2, 3). High ligation

refers to the vascular root ligation before the inferior mesenteric

artery sends off the left colic artery, and low ligation refers to the

ligation after the inferior mesenteric artery sends off the left colic

artery, i.e. the left colic artery is preserved. For a long time, there has

been no conclusion on how to select the ligation method, but a large

number of studies (4–6) have shown that low ligation can improve

anastomotic perfusion, reduce the incidence of anastomotic leak,

and improve the prognosis of patients. Therefore, it is particularly

important to conduct accurate dissection of inferior mesenteric

artery and its branches in limited visual field during laparoscopic

radical resection of rectal cancer. However, the anatomy of

abdominal surgery is complex and the degree of variation is high.

3D printing technology can be used for preoperative simulation and

intraoperative navigation, so as to help doctors choose the

appropriate surgical plan. Currently, it has been widely used in

the fields of hepatobiliary surgery (7), pancreatic surgery (8),

orthopedics (9) and urology surgery (10, 11), but it is still in its

infancy in the field of rectal cancer surgery. This study studied the

clinical data of 50 patients undergoing laparoscopic radical

resection of rectal cancer treated in our department from May

2020 to April 2022, and discussed the application value of 3D

printing pelvic model in laparoscopic radical resection of rectal

cancer, so as to provide clinical reference.
Materials and methods

Study design and participants

Clinical data of 50 patients undergoing laparoscopic radical

resection for rectal cancer were selected and randomly divided into

general imaging examination group (control group: 25 cases) and

3D printing group (observation group: 25 cases) by random

number table method. All patients underwent abdominal and

pelvic plain scan and double-phase enhanced scan before surgery.

The observation group imported CT image data into 3D modeling

software in DICOM format for 3D printing. According to the

results of imaging examination and 3D printing model,

preoperative evaluation and operation plan were made. This

study was approved by the Ethics Committee of our hospital, and

all patients and their families signed informed consent

before surgery.
Inclusion criteria and exclusion criteria

Inclusion criteria: (1) Preoperative pathological diagnosis of

rectal cancer. (2) Laparoscopic surgery, no distant metastasis was

found, resection margin was negative (R0), and postoperative
Frontiers in Oncology 02
pathological data was complete. Exclusion criteria: (1) Due to

abdominal adhesion and intraoperative bleeding, the vascular

anatomy could not be judged. (2) Emergency surgery due to

obstruction or bleeding. (3) Complicated with abnormal functions

of heart, liver and kidney. (4) Incomplete case data.
Three dimensional pelvic model

After acquiring CT images of arteries and veins, the 3D printing

group reconstructed them into 1mm thin layer images, saved them in

DICOM format and imported them into 3Dmodeling software for 3D

virtual model and smooth the surface of the 3D virtual model. After

making sure that each structure had no deformation and deviation, the

resin white material was 3D printed by high-precision SLA

photocuring process. After forming, curing, surface polishing and

coloring are carried out. The pelvic model is shown in Figure 1.

Eachmodel clearly shows complex spatial relationships that, just as in a

real pelvis, allow surgeons to understand these structures for

preoperative evaluation and surgical planning. Figure 2 shows a

comparison of the laparoscopic images collected during laparoscopic

radical resection of rectal cancer with the printed 3D pelvic model.
Observation index

According to references (12–15), four factors were selected

comprehensively to analyze the general data of the two groups,

including gender, age, surgical method and clinical stage. Eight

factors were selected for perioperative comparison, including

operation time, intraoperative blood loss, total number of lymph

nodes dissected, intraoperative time to locate inferior mesenteric

artery, intraoperative time to locate left colic artery, time to first

postoperative exhaust, length of hospital stay, and complications

(Clavien-Dindo classification).
Results

Patient characteristics

There were no significant differences between the two groups in

terms of gender, age, surgical methods, TNM staging (P>0.05), have

comparability in Table 1.
Perioperative condition

Operation time, intraoperative blood loss, intraoperative time to

locate inferior mesenteric artery, intraoperative time to locate left colic

artery, first postoperative exhaust time and length of hospital stay in the

observation group were all lower than those in the control group (P <

0.05); There were no significant differences in the total number of

lymph nodes and complications between the two groups (P > 0.05)

in Table 2.
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Discussion

Surgery is one of the main methods to treat rectal cancer.

Laparoscopic rectal cancer surgery has been widely used clinically

with advantages such as small trauma and quick recovery. However,

due to the complex pelvic anatomy, narrow space, including

important digestive, urinary and gynecological organs and rich

blood vessels and nerves, rectal cancer surgery still faces great

challenges. Magnetic resonance imaging has become the gold

standard for the evaluation of rectal cancer (16), but it can only

obtain a single two-dimensional image data and is easily affected by

the subjective experience of physicians. With 3D printing, a

complex three-dimensional pelvic structure can be obtained from

a flat two-dimensional image to accurately assess the relationship

between the inferior mesenteric artery and its branches, the rectal

tumor and the surrounding tissue.
Frontiers in Oncology 03
In this study, the observation group had a short operation time and

less intraoperative blood loss, and the difference was statistically

significant (P<0.05). 3D printing pelvic model can help surgeons to

establish three-dimensional and intuitive pelvic structure, more

accurate positioning, clearer anatomy, shorten the time of free target

blood vessels, reduce the risk of mis ligation of blood vessels, reduce

intraoperative bleeding, and shorten the operation time. Mari FS (17)

also believed that 3D printing technology could establish vascular

models and better evaluate blood vessels, thus reducing intraoperative

bleeding, which was consistent with the results of this study.

The results of this study show that 3D printing can help

surgeons locate the inferior mesenteric artery and left colic artery

more quickly (P< 0.05), to provide clinical decision support for

surgeons, reduce intraoperative exploration time, reduce the rate of

accidental injury, accelerate postoperative gastrointestinal function

recovery, shorten the length of hospital stay (P< 0.05). Luzon JA
frontiersin.or
FIGURE 1

Quadrilateral view of the pelvic model.
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(18) believed that 3D printing model has a wide application

prospect as an auxiliary means of preoperative planning and a

navigation tool in perioperative period. However, due to the unique

physiological and volume characteristics of veins in terms of

dilation and volume change, veins have the weakest correlation in

perioperative period measurement.

In this study, there were no significant differences in the total

number of lymph nodes dissected and the complications (Clavien-

Dindo classification) between the two groups (P> 0.05). Current

studies have shown that the total number of lymph node dissection
Frontiers in Oncology 04
is correlated with the prognosis of patients (19), indicating that

there is no significant difference between the two groups in the

radical treatment of tumors, and the observation group does not

increase the incidence of postoperative complications, further

confirming its safety. However, the study of Hojo D (20) showed

that during lateral pelvic lymph node dissection, more lateral lymph

nodes could be obtained through 3D printing of the pelvic model to

improve the surgical effect.

In addition, in a randomized controlled trial (21), both objective

evaluation and subjective questionnaire showed that 3D printing
FIGURE 2

Comparison between the laparoscopic image and the pelvic model.
TABLE 1 Patient characteristics.

Characteristic Observation group (n=25) Control group (n=25) t/c2 p

Sex[n(%)]

Male 15(60) 13(52) 0.325 0.569

Female 10(40) 12(48)

Age (years,�x ± s) 59.4 ± 9.5 56.6 ± 8.7 1.070 0.290

Surgical method [n(%)] 0.149 0.700

Dixon 22(88) 20(80)

Miles 3(12) 5(20)

TNM staging [n(%)] 0.085 0.959

StageI 1(4) 1(4)

StageII 11(44) 10(40)

StageIII 13(52) 14(56)
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pelvic model could achieve better teaching effects than textbooks.

Although 3D printing technology has many advantages in the

application of rectal cancer surgery, there are still many

shortcomings: (1) the manufacturing material is inelastic and

cannot be pulled or valgus as in the operation; (2) Creating high-

quality models requires verifying each structure on all levels of CT

images, which requires a lot of labor and time; (3) It is difficult to

reconstruct the neural structure; (4) More material and human

resources are needed preoperatively.
Conclusion

The application of 3D printing pelvic model in laparoscopic

radical resection of rectal cancer is conducive to understanding

pelvic structure and mesenteric vascular anatomy, reducing

intraoperative bleeding and shortening operation time, which has

a good application prospect, but it still needs to be further

confirmed and evaluated by large-scale clinical studies.
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TABLE 2 Perioperative conditions.

Characteristic Observation group(n=25) Control group(n=25) t/c2 p

Operation time(min,�x ± s) 118.4 ± 28.2 142.7 ± 25.6 3.184 0.003

Intraoperative blood loss(ml,�x ± s) 82.5 ± 19.3 126.2 ± 27.4 6.510 <0.001

Total lymph node dissection(n,�x ± s) 17.2 ± 3.8 16.1 ± 2.9 1.189 0.240

Intraoperative location time of inferior mesenteric artery(min,�x ± s) 7.2 ± 1.3 8.9 ± 2.1 3.338 0.002

Intraoperative time to locate the left colic artery(min,�x ± s) 18.5 ± 3.8 24.7 ± 4.5 5.216 <0.001

First postoperative exhaust time(d,�x ± s) 2.1 ± 1.2 2.9 ± 1.4 2.044 0.046

Stay in the hospital(d,�x ± s) 9.5 ± 2.2 10.9 ± 2.5 2.033 0.048

Complications (Clavien-Dindo classification) [n(%)]

No complications 10(40) 10(40) 0.706 0.872

GradeI 11(44) 9(36)

GradeII 3(12) 5(20)

GradeIII 1(4) 1(4)
frontie
rsin.org

https://doi.org/10.3389/fonc.2023.1195404
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lu et al. 10.3389/fonc.2023.1195404
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence andmortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Maurer CA, Renzulli P, Kull C, Käser SA, Mazzucchelli L, Ulrich A, et al. The
impact of the introduction of total mesorectal excision on local recurrence rate and
survival in rectal cancer: long-term results. Ann Surg Oncol (2011) 18(7):1899–906.
doi: 10.1245/s10434-011-1571-0

3. Cedermark B, Dahlberg M, Glimelius B, Påhlma L, Rutqvist LE, Wilking N.
Improved survival with preoperative radiotherapy in resectable rectal cancer. N Engl J
Med (1997) 336(14):980–7. doi: 10.1056/NEJM199704033361402

4. Sindhu RSN, Natesh B, Rajan R, Shanavas K, Sukumaran G, Gayathri LK. Low-tie
IMA and selective D3 lymph node sampling in laparoscopic rectal resection for
carcinoma rectum: comparison of surgical and oncological outcomes with the open
technique. J Gastrointest Oncol (2017) 8(5):850–7. doi: 10.21037/jgo.2017.07.01

5. Cirocchi R, Farinella E, Trastulli S, Desiderio J, Di Rocco G, Covarelli P, et al.
High tie versus low tie of the inferior mesenteric artery: a protocol for a systematic
review. World J Surg Oncol (2011) 9:147. doi: 10.1186/1477-7819-9-147

6. Cirocchi R, Trastulli S, Farinella E, Desiderio J, Vettoretto N, Parisi A, et al. High
tie versus low tie of the inferior mesenteric artery in colorectal cancer: a RCT is needed.
Surg Oncol (2012) 21(3):e111–23. doi: 10.1016/j.suronc.2012.04.004

7. Oshiro Y, Mitani J, Okada T, Ohkohchi N. A novel three-dimensional print of
liver vessels and tumors in hepatectomy. Surg Today (2017) 47(4):521–4. doi: 10.1007/
s00595-016-1383-8

8. Marconi S, Pugliese L, Botti M, Peri A, Cavazzi E, Latteri S, et al. Value of 3D
printing for the comprehension of surgical anatomy. Surg Endosc (2017) 31(10):4102–
10. doi: 10.1007/s00464-017-5457-5

9. Tack P, Victor J, Gemmel P, Annemans L. 3D-printing techniques in a medical
setting: a systematic literature review. BioMed Eng Online (2016) 15(1):115.
doi: 10.1186/s12938-016-0236-4

10. Komai Y, Sugimoto M, Gotohda N, Matsubara N, Kobayashi T, Sakai Y, et al.
Patient-specific 3-dimensional printed kidney designed for "4D" surgical navigation: a
novel aid to facilitate minimally invasive off-clamp partial nephrectomy in complex
tumor cases. Urology (2016) 91:226–33. doi: 10.1016/j.urology.2015.11.060

11. Chandak P, Byrne N, Coleman A, Karunanithy N, Carmichael J, Marks SD, et al.
Patient-specific 3D printing: a novel technique for complex pediatric renal
transplantation. Ann Surg (2019) 269(2):e18–23. doi: 10.1097/SLA.0000000000003016

12. Przedlacka A, Pellino G, Fletcher J, Bello F, Tekkis PP, Kontovounisios C.
Current and future role of three-dimensional modelling technology in rectal cancer
Frontiers in Oncology 06
surgery: a systematic review. World J Gastrointest Surg (2021) 13(12):1754–69.
doi: 10.4240/wjgs.v13.i12.1754

13. Wang KX, Cheng ZQ, Liu Z, Wang XY, Bi DS. Vascular anatomy of inferior
mesenteric artery in laparoscopic radical resection with the preservation of left colic
artery for rectal cancer. World J Gastroenterol (2018) 24(32):3671–6. doi: 10.3748/
wjg.v24.i32.3671

14. Emile SH, Wexner SD. Systematic review of the applications of three-
dimensional printing in colorectal surgery. Colorectal Dis (2019) 21(3):261–9.
doi: 10.1111/codi.14480

15. Bangeas P, Drevelegas K, Agorastou C, Tzounis L, Chorti A, Paramythiotis D,
et al. Three-dimensional printing as an educational tool in colorectal surgery. Front
Biosci (Elite Ed) (2019) 11(1):29–37. doi: 10.2741/E844

16. Battersby NJ, How P, Moran B, Stelzner S, West NP, Branagan G, et al.
Prospective validation of a low rectal cancer magnetic resonance imaging staging
system and development of a local recurrence risk stratification model: the MERCURY
II study. Ann Surg (2016) 263(4):751–60. doi: 10.1097/SLA.0000000000001193

17. Mari FS, Nigri G, Pancaldi A, De Cecco CN, Gasparrini M, Dall'Oglio A, et al.
Role of CT angiography with three-dimensional reconstruction of mesenteric vessels in
laparoscopic colorectal resections: a randomized controlled trial. Surg Endosc (2013) 27
(6):2058–67. doi: 10.1007/s00464-012-2710-9

18. Luzon JA, Andersen BT, Stimec BV, Fasel JHD, Bakka AO, Kazaryan AM, et al.
Implementation of 3D printed superior mesenteric vascular models for surgical
planning and/or navigation in right colectomy with extended D3 mesenterectomy:
comparison of virtual and physical models to the anatomy found at surgery. Surg
Endosc (2019) 33(2):567–75. doi: 10.1007/s00464-018-6332-8

19. Bertelsen CA, Bols B, Ingeholm P, Jansen JE, Neuenschwander AU, Vilandt J.
Can the quality of colonic surgery be improved by standardization of surgical technique
with complete mesocolic excision? Colorectal Dis (2011) 13(10):1123–9. doi: 10.1111/
j.1463-1318.2010.02474.x

20. Hojo D, Murono K, Nozawa H, Kawai K, Hata K, Tanaka T, et al. Improvement
in surgical outcomes using 3-dimensional printed models for lateral pelvic lymph node
dissection in rectal cancer. Dis Colon Rectum (2022) 65(4):566–73. doi: 10.1097/
DCR.0000000000002327

21. Hojo D, Murono K, Nozawa H, Kawai K, Hata K, Tanaka T, et al. Utility of a
three-dimensional printed pelvic model for lateral pelvic lymph node dissection
education: a randomized controlled trial. J Am Coll Surg (2019) 229(6):552–9.e3.
doi: 10.1016/j.jamcollsurg.2019.08.1443
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.1245/s10434-011-1571-0
https://doi.org/10.1056/NEJM199704033361402
https://doi.org/10.21037/jgo.2017.07.01
https://doi.org/10.1186/1477-7819-9-147
https://doi.org/10.1016/j.suronc.2012.04.004
https://doi.org/10.1007/s00595-016-1383-8
https://doi.org/10.1007/s00595-016-1383-8
https://doi.org/10.1007/s00464-017-5457-5
https://doi.org/10.1186/s12938-016-0236-4
https://doi.org/10.1016/j.urology.2015.11.060
https://doi.org/10.1097/SLA.0000000000003016
https://doi.org/10.4240/wjgs.v13.i12.1754
https://doi.org/10.3748/wjg.v24.i32.3671
https://doi.org/10.3748/wjg.v24.i32.3671
https://doi.org/10.1111/codi.14480
https://doi.org/10.2741/E844
https://doi.org/10.1097/SLA.0000000000001193
https://doi.org/10.1007/s00464-012-2710-9
https://doi.org/10.1007/s00464-018-6332-8
https://doi.org/10.1111/j.1463-1318.2010.02474.x
https://doi.org/10.1111/j.1463-1318.2010.02474.x
https://doi.org/10.1097/DCR.0000000000002327
https://doi.org/10.1097/DCR.0000000000002327
https://doi.org/10.1016/j.jamcollsurg.2019.08.1443
https://doi.org/10.3389/fonc.2023.1195404
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Application of a three-dimensional printed pelvic model in laparoscopic radical resection of rectal cancer
	Introduction
	Materials and methods
	Study design and participants
	Inclusion criteria and exclusion criteria
	Three dimensional pelvic model
	Observation index

	Results
	Patient characteristics
	Perioperative condition

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References


