
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2020 August 26; 8(16): 3377-3620

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I August 26, 2020 Volume 8 Issue 16

World Journal of 

Clinical CasesW J C C
Contents Semimonthly Volume 8 Number 16 August 26, 2020

OPINION REVIEW

Novel computerized psychometric tests as primary screening tools for the diagnosis of minimal hepatic 
encephalopathy

3377

Luo M, Mu R, Liu JF, Bai FH

REVIEW

Management of cancer patients during COVID-19 pandemic at developing countries3390

González-Montero J, Valenzuela G, Ahumada M, Barajas O, Villanueva L

MINIREVIEWS

Liver in the limelight in the corona (COVID-19) time3405

Chela HK, Pasha SB, Basar O, Daglilar E, Tahan V

ORIGINAL ARTICLE

Clinical and Translational Research

Application of molybdenum target X-ray photography in imaging analysis of caudal intervertebral disc 
degeneration in rats

3431

Su QH, Zhang Y, Shen B, Li YC, Tan J

Accuracy study of a binocular-stereo-vision-based navigation robot for minimally invasive interventional 
procedures

3440

Wang R, Han Y, Luo MZ, Wang NK, Sun WW, Wang SC, Zhang HD, Lu LJ

Retrospective Study

Value of virtual bronchoscopic navigation and transbronchial ultrasound-guided sheath-guided 
exploration in diagnosis of peripheral lung cancer

3450

Liu Y, Wang F, Zhang QC, Tong ZH

Significance of serum fibroblast growth factor-23 and miR-208b in pathogenesis of atrial fibrillation and 
their relationship with prognosis

3458

Chen JM, Zhong YT, Tu C, Lan J

Home quarantine compliance is low in children with fever during COVID-19 epidemic3465

Lou Q, Su DQ, Wang SQ, Gao E, Li LQ, Zhuo ZQ

Combination of endoscopic submucosal dissection and laparoscopic sentinel lymph node dissection in 
early mucinous gastric cancer: Role of lymph node metastasis

3474

Li H, Zhao LL, Zhang XC, Liu DX, Wang GY, Huo ZB, Chen SB



WJCC https://www.wjgnet.com II August 26, 2020 Volume 8 Issue 16

World Journal of Clinical Cases
Contents

Semimonthly Volume 8 Number 16 August 26, 2020

Factors affecting failed trial of labor and countermeasures: A retrospective analysis3483

Wang JG, Sun JL, Shen J

Value of miR-1271 and glypican-3 in evaluating the prognosis of patients with hepatocellular carcinoma 
after transcatheter arterial chemoembolization

3493

Guo Z, Wang J, Li L, Liu R, Fang J, Tie B

Observational Study

Follow-up study on symptom distress in esophageal cancer patients undergoing repeated dilation3503

Liu L, Liu QW, Wu XD, Liu SY, Cao HJ, Hong YT, Qin HY

Long-term medical treatment of patients with severe burns at exposed sites3515

Du Y, Lv GZ, Yu S, Wang D, Tan Q

CASE REPORT

Laparoscopic management of a giant mucinous benign ovarian mass weighing 10150 grams: A case report3527

Sanna E, Madeddu C, Melis L, Nemolato S, Macciò A

Concurrent hepatocellular carcinoma metastasis to stomach, colon, and brain: A case report3534

Kim R, Song J, Kim SB

Disseminated osteomyelitis after urinary tract infection in immunocompetent adult: A case report3542

Kim YJ, Lee JH

Pelvic lipomatosis and renal transplantation: A case report3548

Zhao J, Fu YX, Feng G, Mo CB

Intestinal obstruction in pregnancy with reverse rotation of the midgut: A case report3553

Zhao XY, Wang X, Li CQ, Zhang Q, He AQ, Liu G

Clinical laboratory investigation of a patient with an extremely high D-dimer level: A case report3560

Sun HX, Ge H, Xu ZQ, Sheng HM

Recovery from a biliary stricture of a common bile duct ligature injury: A case report3567

Fan Z, Pan JY, Zhang YW

Spontaneous pneumomediastinum in an elderly COVID-19 patient: A case report3573

Kong N, Gao C, Xu MS, Xie YL, Zhou CY

Acute generalized exanthematous pustulosis with airway mucosa involvement: A case report3578

Li LL, Lu YQ, Li T

Multifocal neuroendocrine cell hyperplasia accompanied by tumorlet formation and pulmonary sclerosing 
pneumocytoma: A case report

3583

Han XY, Wang YY, Wei HQ, Yang GZ, Wang J, Jia YZ, Ao WQ



WJCC https://www.wjgnet.com III August 26, 2020 Volume 8 Issue 16

World Journal of Clinical Cases
Contents

Semimonthly Volume 8 Number 16 August 26, 2020

Giant benign phyllodes breast tumour with pulmonary nodule mimicking malignancy: A case report3591

Zhang T, Feng L, Lian J, Ren WL

Spontaneous multivessel coronary artery spasm diagnosed with intravascular ultrasound imaging: A case 
report

3601

Wu HY, Cao YW, Chang FJ, Liang L

Delayed perforation after endoscopic resection of a colonic laterally spreading tumor: A case report and 
literature review

3608

Zhou GYJ, Hu JL, Wang S, Ge N, Liu X, Wang GX, Sun SY, Guo JT

First branchial cleft cyst accompanied by external auditory canal atresia and middle ear malformation: A 
case report

3616

Zhang CL, Li CL, Chen HQ, Sun Q, Liu ZH



WJCC https://www.wjgnet.com IX August 26, 2020 Volume 8 Issue 16

World Journal of Clinical Cases
Contents

Semimonthly Volume 8 Number 16 August 26, 2020

ABOUT COVER

Editorial board member of World Journal of Clinical Cases, Dr. Kvolik is a Professor in the School of Medicine, Osijek 
University, Croatia. She obtained her MD degree, with specialization in the field of anesthesiology, resuscitation 
and intensive care from the Zagreb Medical School, Croatia. Afterwards, she undertook postgraduate training in 
Clinical Pharmacology at the same institution, defending both a Master’s thesis and PhD thesis. In 2006, she joined 
the Osijek University Medical Faculty as a lecturer and was promoted to Professor in 2009. In 2012, she was elected 
Head of the Department of Anesthesiology, Resuscitation, Intensive Care and Pain Therapy, a position she 
occupies to this day. She is also the current Head of the Intensive Care Unit at the Osijek University Hospital, 
Croatia. (L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, PubMed, and PubMed Central. The 2020 Edition of Journal Citation Reports® cites the 
2019 impact factor (IF) for WJCC as 1.013; IF without journal self cites: 0.991; Ranking: 120 among 165 journals in 
medicine, general and internal; and Quartile category: Q3. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ji-Hong Liu; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Semimonthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 26, 2020 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 3440 August 26, 2020 Volume 8 Issue 16

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2020 August 26; 8(16): 3440-3449

DOI: 10.12998/wjcc.v8.i16.3440 ISSN 2307-8960 (online)

ORIGINAL ARTICLE

Clinical and Translational Research

Accuracy study of a binocular-stereo-vision-based navigation robot 
for minimally invasive interventional procedures

Ran Wang, Ying Han, Min-Zhou Luo, Nai-Kun Wang, Wei-Wei Sun, Shi-Chong Wang, Hua-Dong Zhang, Li-
Juan Lu

ORCID number: Ran Wang 0000-
0001-8657-108X; Ying Han 0000-
0001-7894-1802; Min-Zhou Luo 
0000-0002-1587-710X; Nai-Kun 
Wang 0000-0002-1353-5157; Wei-
Wei Sun 0000-0002-0814-942X; Shi-
Chong Wang 0000-0002-0612-3197; 
Hua-Dong Zhang 0000-0001-9155-
193X; Li-Juan Lu 0000-0002-6571-
8529.

Author contributions: Lu LJ 
initiated the study; Lu LJ and 
Wang R designed the experiment; 
Han Y performed the robot guided 
puncture procedure; Wang SC 
completed the computed 
tomography scanning and image 
processing; Wang NK and Sun 
WW recorded the observational 
indexes; Luo MZ and Zhang HD 
were responsible for teaching robot 
application; Wang R completed the 
statistical work and wrote the 
article; Lu LJ revised the article.

Supported by Jiangsu Provincial 
Department of Science and 
Technology, No. BE2017603 and 
No. BE2017675.

Institutional review board 
statement: This study did not 
involve any patient or animal; 
therefore, the experimental 
proposal was not submitted for 
review of institutional review 
board.

Ran Wang, Ying Han, Nai-Kun Wang, Wei-Wei Sun, Shi-Chong Wang, Li-Juan Lu, Department of 
Pain Management, Nanjing Drum Tower Hospital The Affiliated Hospital of Nanjing 
University Medical School, Nanjing 210008, Jiangsu Province, China

Min-Zhou Luo, Hua-Dong Zhang, Institute of Intelligent Manufacturing Technology, Jiangsu 
Industrial Technology Research Institute, Nanjing 210000, Jiangsu Province, China

Corresponding author: Li-Juan Lu, MD, Chief Doctor, Department of Pain Management, 
Nanjing Drum Tower Hospital the Affiliated Hospital of Nanjing University Medical School, 
No. 321 Zhongshan Road, Nanjing 210008, Jiangsu Province, China. lulijuan@njglyy.com

Abstract
BACKGROUND 
Medical robot is a promising surgical tool, but no specific one has been designed 
for interventional treatment of chronic pain. We developed a computed 
tomography-image based navigation robot using a new registration method with 
binocular vision. This kind of robot is appropriate for minimal invasive 
interventional procedures and easy to operate. The feasibility, accuracy and 
stability of this new robot need to be tested.

AIM 
To assess quantitatively the feasibility, accuracy and stability of the binocular-
stereo-vision-based navigation robot for minimally invasive interventional 
procedures.

METHODS 
A box model was designed for assessing the accuracy for targets at different 
distances. Nine (three sets) lead spheres were embedded in the model as puncture 
goals. The entry-to-target distances were set 50 mm (short-distance), 100 mm 
(medium-distance) and 150 mm (long-distance). Puncture procedure was 
repeated three times for each goal. The Euclidian error of each puncture was 
calculated and statistically analyzed. Three head phantoms were used to explore 
the clinical feasibility and stability. Three independent operators conducted 
foramen ovale placement on head phantoms (both sides) by freehand or under the 
guidance of robot (18 punctures with each method). The operation time, 
adjustment time and one-time success rate were recorded, and the two guidance 
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methods were compared.

RESULTS 
On the box model, the mean puncture errors of navigation robot were 1.7 ± 0.9 
mm for the short-distance target, 2.4 ± 1.0 mm for the moderate target and 4.4 ± 
1.4 mm for the long-distance target. On the head phantom, no obvious differences 
in operation time and adjustment time were found among the three performers (P 
> 0.05). The median adjustment time was significantly less under the guidance of 
the robot than under free hand. The one-time success rate was significantly higher 
with the robot (P < 0.05). There was no obvious difference in operation time 
between the two methods (P > 0.05).

CONCLUSION 
In the laboratory environment, accuracy of binocular-stereo-vision-based 
navigation robot is acceptable for target at 100 mm depth or less. Compared with 
freehand, foramen ovale placement accuracy can be improved with robot 
guidance.

Key words: Navigation robot; Binocular stereo vision; Interventional procedure; Pain 
management; Trigeminal neuralgia; Needle placement

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

Core tip: We developed a computed tomography image-based navigation robot using new 
registration method with binocular vision. The objective of this study was to evaluate the 
feasibility, accuracy and stability of this new robot. Our results showed that the accuracy 
of this kind of navigation robot is acceptable for interventional treatment with target depth 
of 100 mm or less. Compared with freehand operation, the robot navigation can improve 
the accuracy and stability when conducting foramen ovale placement. The binocular-
stereo-vision based navigation robot is a promising tool, and our research provides key 
validation results for its clinical application.

Citation: Wang R, Han Y, Luo MZ, Wang NK, Sun WW, Wang SC, Zhang HD, Lu LJ. 
Accuracy study of a binocular-stereo-vision-based navigation robot for minimally invasive 
interventional procedures. World J Clin Cases 2020; 8(16): 3440-3449
URL: https://www.wjgnet.com/2307-8960/full/v8/i16/3440.htm
DOI: https://dx.doi.org/10.12998/wjcc.v8.i16.3440

INTRODUCTION
Recently, minimal invasive surgery has been an irresistible trend in clinical treatment. 
In the field of chronic pain management, interventional therapy has also become the 
main approach for its advantages of exact therapeutic effect and minimal invasion[1]. 
The percutaneous puncture is a vital process of minimally invasive surgery, and its 
successful operation requires the accurate location of the target and the precise 
placement of the interventional tool. Although many imaging technologies such as 
fluoroscopy, computed tomography (CT) and ultrasound have been utilized to 
enhance accuracy and visualization[2-4], complex spatial puncture is still an intractable 
problem. For this reason, the clinical need for guidance has increased along with the 
trend of minimal invasion[1,5].

Apart from basic imaging equipment, many other navigation tools have been 
designed for clinical demand[6-8]. Among these techniques, the medical robot is the 
most promising one. This technology has shown great potential in increasing the 
accuracy and consistency of needle punctures in many kinds of interventional 
therapies. For spinal surgery, the reported accuracy rate of a pedicle screw under the 
guidance of a robot can be up to 96.7%-98.9%[9-11]. For neurological surgery, the 
navigation robot can not only ensure the accuracy of deep brain stimulation 
implantation but also shorten the operation time[12,13]. So far, few documents have 
reported the application of a navigation robot for chronic pain management, but the 
superiority of this tool would exactly complement the demand in this field.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v8/i16/3440.htm
https://dx.doi.org/10.12998/wjcc.v8.i16.3440
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To date, a series of robots have been released, including Mazor X (Mazor Robotics 
Ltd)[9], TiRobot (TINAVI Medical Technologies Co., Ltd)[14], Excelsius Global Position 
System (Globus Medical Ltd)[15] and BrainLab Cirq (Brainlab AG Ltd)[15]. However, 
none of these systems were designed for chronic pain treatment. The tracking markers 
of these robot systems need to be fixed on a specific position of the body, such as the 
ilium, which may be far from the surgical spot. Therefore, additional unnecessary 
radiation exposure will occur. This exposure may be acceptable for patients under 
general anesthesia because such preoperative scanning usually needs to be performed 
once. However, interventional treatment for chronic pain is always performed under 
local anesthesia, thus body dodging and twisting as well as breathing movement are 
inevitable influences on navigation accuracy. The scanning for placement planning 
needs to be repeated several times.

Our team proposes a new registration method using skin tracking markers and 
binocular vision[16]. The markers just need to be pasted on the skin of the operation 
region, avoiding extra radiation of the nonsurgical region. Using this method, we 
developed a CT-image based navigation robot. The objective of this study was to 
evaluate the feasibility, accuracy and stability of this new robot. We implemented it in 
preclinical experiments using box models to quantitate the puncture error. For 
assessment of clinical feasibility, head phantoms were also used to simulate 
interventional treatment on the Gasserian ganglion through the foramen ovale (FO). 
The placement procedure was conducted by free hand and under the guidance of the 
robot. We compared the operation parameters of the two methods.

MATERIALS AND METHODS
Navigation robot and experimental models
This binocular-stereo-vision-based navigation robot was independently designed by 
Nanjing Drum Tower Hospital, the affiliated hospital of Nanjing University Medical 
School, and the Institute of Intelligent Manufacturing Technology, Jiangsu Industrial 
Technology Research Institute. The navigation robot is composed of binocular stereo 
visual tracking equipment, an operation planning and controlling system and a six-
axis robotic arm (UR3 robot, Universal Robots, Odense, Denmark). The binocular 
stereo visual tracking equipment is a binocular camera, which automatically identifies 
and locates the spatial position of the markers on the robot arm and operation object. 
The operation planning and controlling system consists of a program for image 
processing, spatial registration, cannulating trajectory design and movement control of 
the robot arm (Figure 1).

To investigate the accuracy of the navigation robot, one cuboid box model and three 
head phantoms were used. The box model was made of acrylic resin and filled with 
sponge. On the upper surface of the box, one insertion line was drawn with contrast 
agent parallel to the narrow edge. Nine lead spheres (three sets) with a 1 mm radius 
were inserted into different positions in the box. We used these artificial spheres 
targets to simulate respectively the short-distance, moderate-distance and long-
distance operation goals. The absolute distances from the target to insertion line on the 
surface include 50 mm (three spheres), 100 mm (three spheres) and 150 mm (three 
spheres) (Figure 2).

The head phantom (1:1 model of patient’s head) was also used for evaluating the 
clinical feasibility and stability of robot, by comparing with the free-hand operation. 
FO was set as the target to simulate the procedure of intervention therapy on the 
trigeminal ganglion. The head phantom was printed with nylon. To enhance the 
simulated effect, the skin of the cheek was replaced by a plasticized sponge, which 
fully packs the space from the face to FO (Figure 3). The long diameter and short 
diameter of FO were 4.9 mm and 3.4 mm on right side and 5.3 mm and 4.0 mm for left 
side.

Study design
Box model was used in the first part of the experiment. On the box model, the 
puncture procedure was repeated three times for each goal. Therefore, a total of 27 
insertion procedures were performed with the guidance of the navigation robot. When 
applying the robot-guided puncture, the box was placed on the bed panel with the 
insertion line perpendicular to the scanning coil. After trajectory planning, the 
insertion depth and insertion angle were measured. The insertion depth was the 
distance from entry point to target. The insertion angle was the angle of insertion 
trajectory and horizontal line. Needle was placed with the guide of robot. The 
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Figure 1  Schematic diagram of the binocular-stereo-vision-based navigation robot. The navigation robot was composed of binocular stereo visual 
tracking equipment, an operation planning and controlling system and a six-axis robotic arm.

Figure 2  Schematic, photo and three-dimensional computed tomography image of box model. A: Schematic diagram of box model; B: One 
insertion line was drawn on the upper surface with contrast agent parallel to the narrow edge; C: Nine artificial targets were set inside the box, respectively 50 mm 
(target a), 100 mm (target b), 150 mm (target c) far from the insertion line; D: Image and 3D-computed tomography of box model with insertion line and target marked 
with solid arrow and triangular arrow; E: The box model was made of acrylic resin and filled with sponge.

Euclidian error was used to evaluate the accuracy of the navigational system. This 
parameter was the vertical dimension from the center of the target to the tip of real 
needle, which was measured on CT images (Figure 4). The Euclidian error for different 
targets were compared.

Head models were used for needle insertion targeting the FO in the second part of 
the experiment. The procedure was conducted by three attending doctors who have 
performed such an interventional operation at least 400 times. FO on each side of three 
head phantoms were operated twice (free hand and robotic guided). According to the 
navigation methods, free-hand group and robotic group were set in the study. In the 
free-hand group, FO placement was performed through the traditional Hartel 
approach manually[17]. In the robotic group, FO puncture was performed with the 
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Figure 3  Head phantom. A: The 1:1 head phantom was 3D printed with nylon and filled with sponge; B: The foramen ovale is marked with solid arrow.

Figure 4  Measurement of insertion parameters and deviation distance. A: Insertion depth and angle were measured on preoperative planning image. 
Insertion depth (b) was the distance from entry point (dotted arrow) to target (solid arrow). Insertion angle (a) was the angle of insertion trajectory and horizontal line; 
B: Euclidian error was the vertical dimension (d) from the center of target (solid arrow) to real needle (triangular arrow).

navigation of the robot. CT scanning was utilized for needle adjustment in both 
groups. The operation time and adjustment time were recorded. The one-time success 
rate of placement was also calculated and compared between two groups. Meanwhile, 
operation time and adjustment time of robot-guided puncture were also compared 
among three performers.

Process of robot-guided FO puncture
The basic work process of the binocular-stereo-vision-based navigation robot is 
illustrated in Figure 5. Before the interventional surgery placement, a CT scan of the 
operation object with four visual markers placed on the skin surface was conducted. 
The markers were black round labels with one lead sphere (a radius of 1 mm) in the 
center. The four markers were not placed in one plane. The scanning range of CT 
images covered the operation target and skin for percutaneous puncture. Then, the CT 
images were uploaded to the computer system. After three-dimensional reconstruction 
of the skin surface, the program acquired the spatial location of the markers for 
registration from cephalad to caudal. Concurrently, a puncture trajectory was 
designed with the target point and the entry point on the insertion line.

The robot arm and stereo camera were placed beside the operation table. A series of 
pictures were taken by a stereo camera for locating the markers on the operation object 
and the robot arm. In the coordinate system of the robot, the location of markers on the 
arm was obtained automatically after the posture was fixed. Then, the registration 
process was automatically finished by the system, and the robot arm started to move 
to the predetermined position for navigation. Through the guiding device at the 
terminal of the robot arm, the interventional tool was inserted along the planed 
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Figure 5  Workflow of robot guided puncture. Before placement, computed tomography images of operation object with four visual markers on skin were 
obtained and uploaded to the computer system. The robot arm and stereo camera were placed beside the operation table. After locating the markers on operation 
object and robot arm with camera, registration process was complicated. Puncture trajectory was designed with the target point and entry point on the insertion line. 
Then, robot arm was commanded to move to specific position. Needle was inserted through the guiding device at the terminal of robot arm to certain depth.

approach to a certain depth.

Statistical analysis
The statistical analysis was conducted with SPSS Statistics Version 25 software (IBM 
Corp., Armonk, NY, United States). The normality distribution of the quantitative 
parameters was determined by the Shapiro-Wilk test. Quantitative data are presented 
as the mean ± SD or the median with 25th and 75th percentiles. The qualitative 
parameters are expressed as a number and percentage. The t-test, analysis of variance 
(least significant difference method) and Mann-Whitney U were used for the 
comparison of quantitative data between groups. Fisher's exact test was utilized for 
the comparison of qualitative data. The level of statistical significance was set to P < 
0.05.

RESULTS
Needle insertion on the box model
Puncture of three short-distance targets, three moderate-distance targets and three 
long-distance targets were all repeated three times. A total of 29 punctures were 
conducted. The puncture parameters of different targets are stated in Table 1. The 
difference of mean Euclidian error among three kinds of targets was statistically 
significant. The mean Euclidian error for long-distance target was significantly greater 
than those of short-distance target and moderate-distance target (P < 0.05). No 
significant differences were found between short and moderate distance targets (P > 
0.05).

Needle insertion on head phantom
A total of 18 procedures were done in both groups. Between the two groups, no 
significant difference was found in operation time (P > 0.05), but the one-time success 
rate in robotic group was significantly higher than that in free-hand group (P < 0.05). 
Median adjustment time was also fewer in robotic group than in free-hand group (P < 
0.05) (Table 2).

In robotic group, the average operation times were 403 ± 87 s, 358 ± 71 s and 406 ± 
100 s for three operators. Median adjustment times were 0 (0, 1), 0 (0, 0.5) and 0 (0, 1) 
for three performers. No significant differences in operation time and adjustment time 
were found among performers (P > 0.05).
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Table 1 Puncture parameters and Euclidian error for different targets

SD target MD target LD target

Puncture depth in mm 49.5 ± 0.9 102.5 ± 2.0 148.1 ± 2.1

Puncture angle as degree 87.6 ± 2.1 51.4 ± 3.2 32 ± 2.8

Euclidian error in mm 1.7 ± 0.9 2.4 ± 1.0 4.4 ± 1.4ab

aP < 0.05 vs SD target. 
bP < 0.05 vs MD target; SD: Short distance; MD: Moderate distance; LD: Long distance.

Table 2 Comparison of operation parameters between two methods

Robotic group Free-hand group

Operation time in sec 389 ± 85 422 ± 166

Adjustment time 0 (0, 1) 2 (1, 2)a

One-time success rate 72.2% (13/18) 11.1% (2/18)

aP < 0.05 vs short distance target.

DISCUSSION
The tracking method is the pivotal process in surgical navigation. This method is used 
to match the spatial position of target, instrument or robot arm, and this can influence 
the accuracy of the whole navigation system. The tracking systems applied in most 
commercial navigation equipment is the active optical tracking system[18-20]. The active 
optical tracking system is superior to other methods, such as electromagnetic tracking 
systems, but it is expensive and inconvenient for further development[19]. Our team has 
recently designed an optical tracking method based on binocular stereo vision with a 
high-resolution ratio and low cost. Black round labels were used as markers pasted on 
the skin of operation region and the robot arm. The three-dimensional location of label 
center can be recognized by the ZED binocular camera for registration and tracking[16]. 
The error of this tracking method was evaluated in our previous study. In this 
research, we further evaluated the position accuracy of the navigation robot system 
based on this tracking method.

The interventional therapies for chronic pain vary from one another, and the depths 
of different operation targets are also variant. To evaluate the position error of the 
robot as comprehensively as possible, we set three kinds of simulated targets in the 
box model with three levels of puncture depth. As the thinnest scanning thickness of 
our CT is 1 mm, the radius of sphere target was set as 1 mm to reduce the influence of 
scanning. When compared with other equipment[21-24], the results of our research are 
promising given the same accuracy of the navigation robot. For short- and medium-
distance targets, the position errors were 1.7 ± 0.9 mm and 2.4 ± 1.0 mm, respectively. 
Although the target is still, this accuracy is acceptable and compatible for most 
interventional treatments. For long-distance targets, the position error was 4.4 ± 1.4 
mm and relatively large for surgical navigation. The inaccuracies of this robot system 
may have come from several sources. The first one is the system error, and the error of 
the tracking system may account for the main part. The mechanical error of the robot 
arm is very small because the Universal Robot arm is used for industry processes, and 
the error is significantly less than 1 mm. The second factor may be the bending of the 
needle. With the existence of an inclined plane, the longer the needle is inserted, the 
more obvious the needle bends. Furthermore, the orientation of the inclined plane may 
also affect the accuracy[25].

Trigeminal neuralgia is a common chronic pain disease[26]. Most of the interventional 
therapies for this disease require placement of the FO, which is a difficult and 
challenging procedure[27]. We compared the difference of FO punctures performed by 
freehand and under guidance of the robot to evaluate the clinical potential. The result 
showed that robot assistance can significantly raise the success rate of punctures. 
Furthermore, the operation time was also shortened. The longest and shortest 
diameters of the FO inside hole were X and Y mm. The insertion depth was Z mm. 
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Considering the placement distance, the diameter of the FO is relatively larger than the 
position error. Finally, five robot-assisted cases were not completed in one time. 
Timewise, this robot system is reasonable. The preparation time included preoperative 
scanning, image processing, trajectory design, registration and the robot arm moving. 
The whole preparation took approximately 5 min, and the registration time was 
approximately 1 min. Although no difference was found between the operation time 
of the two groups, the whole time was still slightly shorter with the robot. Our data 
showed no significant difference in operation time and adjustment time among the 
performers. This result indicated that our robot system is stable and not easily 
influenced by the operator.

Our study has several limitations. The first one was the still model. When operating 
on patients under local anesthesia, the inevitable dodge, body twist and breathing 
movements can influence the puncture. However, these factors were not simulated in 
our study. To reduce the influence of these factors in clinic, based on our experience, 
three measures can be taken: Fixation with headrest, sufficient local anesthesia before 
registration and appropriate sedation. Second, the needle used in our experiment has a 
cutting edge, which may induce a needle-tissue force. Pen-point needles should be 
used for the improved evaluation of position error. The test time was small. More tests 
with different angles at different depths should be conducted.

In conclusion, in the laboratory environment, the accuracy of the binocular-stereo-
vision-based navigation robot is acceptable for interventional treatment with a target 
at a 100 mm depth or less. The robot navigation is stable, and accuracy of FO 
placement can be improved with the guidance of robot. In spite of the need for 
improved performance, we believe this navigation tool deserves clinical application 
and promotion.

ARTICLE HIGHLIGHTS
Research background
Medical robot is a promising surgical tool, but no specific one has been designed for 
interventional treatment of chronic pain. We developed a computed tomography-
image based navigation robot using new registration method with binocular vision. 
This kind of robot is appropriate for minimal invasive interventional procedures and 
easy to operate.

Research motivation
The feasibility, accuracy and stability of this new robot need to be tested before clinical 
application.

Research objectives
To assess quantitatively the feasibility, accuracy and stability of the binocular-stereo-
vision-based navigation robot for minimally invasive interventional procedures.

Research methods
A box model was designed for assessing the accuracy for targets at different distances. 
Nine (three sets) lead spheres were embedded in the model as puncture goals. The 
entry-to-target distances were set 50 mm (short-distance), 100 mm (medium-distance) 
and 150 mm (long-distance). Puncture procedure was repeated three times for each 
goal. The Euclidian error of each puncture was calculated and statistically analyzed. 
Three head phantoms were used to explore clinical feasibility and stability. Three 
independent operators conducted foramen ovale placement on head phantoms (both 
sides) by freehand or under the guidance of robot (18 punctures with each method). 
The operation time, adjustment time and one-time success rate were recorded, and the 
two guidance methods were compared.

Research results
On the box model, the mean puncture errors of navigation robot were 1.7 ± 0.9 mm for 
the short-distance target, 2.4 ± 1.0 mm for the moderate target and 4.4 ± 1.4 mm for the 
long-distance target. On the head phantom, no obvious differences in operation time 
and adjustment time were found among the three performers (P > 0.05). The median 
adjustment time was significantly less under the guidance of the robot than under free 
hand. The one-time success rate was significantly higher with the robot (P < 0.05). 
There was no obvious difference in operation time between the two methods (P > 
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0.05). The accuracy measurement was conducted on still models, and further clinical 
research on patients need to be conducted.

Research conclusions
In laboratory environment, accuracy of binocular-stereo-vision-based navigation robot 
is acceptable for target at 100 mm depth or less. Compared with freehand, foramen 
ovale placement accuracy can be improved with robot guidance.

Research perspectives
Based on our research, binocular-stereo-vision-based navigation robot is a promising 
system in the future. It deserves promotion after clinical verification, especially for 
interventional treatment of chronic pain.
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