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Abstract. This paper introduces the development and preliminary validation of 

a novel parallel robot specifically engineered for laparoscopic pancreatic sur-

geries. Parallel robots, unlike traditional serial robotic systems, provide superior 

stiffness, precision, and payload capacity, attributes that are crucial for delicate 

surgical procedures. The study elaborates on the design of a surgical robot 

aimed at assisting surgeons during laparoscopic pancreatic surgeries. Key ob-

jectives include expanding the operational field to facilitate better access to the 

pancreas and enhancing the efficiency of medical protocols. The design process 

is comprehensively detailed, starting from medical task parameters to the kine-

matic architecture and functional capabilities of the proposed parallel robot. The 

robot features a modular architecture comprising an active 3-degree-of-freedom 

parallel mechanism and a passive spherical parallel mechanism. This configura-

tion supports a new active surgical instrument with four degrees of freedom, 

significantly enhancing dexterity and enabling surgeons to access deep organs 

more effectively. To assess the robot's efficacy, a series of laboratory tests were 

conducted to simulate conditions typical of laparoscopic pancreatic surgeries. 

The results indicate substantial improvements in surgical maneuverability, pre-

cision, and ergonomic efficiency, underscoring the robot's potential to enhance 

surgical outcomes. 

Keywords: Parallel robot, Modularity, Design, Pancreatic surgery, FEA, Test-

ing and Evaluation. 

1 Introduction 

Pancreatic cancer is considered one of the most aggressive and lethal types of cancer 

worldwide, developing when uncommon mutations occur in the DNA of the pancreas 
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[1]. This type of cancer ranks fifth worldwide with a low survival rate (below 5%) 

five years after surgery, with over 500,000 new cases reported annually worldwide 

[2]. According to studies presented in [3], the causes contributing to the occurrence of 

this type of cancer focus on family history of the disease, obesity, type 2 diabetes, and 

tobacco use. 

Due to the deep positioning of the pancreas in the abdominal cavity, and due to the 

lack of symptoms associated with the onset of cancer on this organ, early detection of 

the pathology is very difficult, with the pathology generally being detected in the 

metastasis phase, resection remains the only treatment option for this aggressive pa-

thology [4-6]. 

There are three types of pancreatic surgery: open surgery, laparoscopic surgery, 

and robot-assisted surgery. These types of surgery target all areas of the pancreas, 

from the head (Whipple Procedure-WP) to the tail (Distal Pancreatectomy-DP) [7, 8]. 

A significant milestone in surgical innovation was marked in 2000 with the intro-

duction of the da Vinci robot by Intuitive Surgical, the first robot approved by the 

Food and Drug Administration [9]. Since then, additional robotic surgical systems 

have been developed, such as: Senhance (Asensus Surgical), Versius (CMR Surgical), 

Hugo (Medtronic’s) and Hinotori (Medicaroid) [10, 11]. The first robotic-assisted 

pancreaticoduodenectomy and distal pancreatectomy was performed in 2003 [12]. 

The mortality of pancreatic surgery has been reduced below 3% due to the tech-

nical advantages and the integration of surgical robots [13, 14]. The main advantages 

of robotic surgery are improved precision, enhanced dexterity, better recovery [15, 

16], but present some disadvantages such as high cost, large footprint, and restricted 

operative fields [17-20]. To address current limitations of robotic-assisted pancreatic 

surgeries [20, 21], the Athena robot was developed. The Athena robot represents an 

innovative parallel robot developed to assist surgeons by manipulating a third laparo-

scopic instrument such as a retractor or a flexible instrument during complex recon-

structions such as the Whipple procedure. Improved precision and rigidity are offered 

compared to serial structures due to the parallel modular architecture with Remote 

Center of Motion (RCM) mechanical constraint [22-24]. 

The paper is structured as follows: Section 1 presents clinical context and the main 

challenges of robotic-assisted surgery. Section 2 illustrates the development phases of 

the Athena robot and the surgical instrument. The validation of the experimental 

model using training kits is presented in Section 3, while the last sections present the 

results, conclusions, and future developments 

2 Design of the innovative parallel robot developed for 

pancreatic surgery 

2.1 Medical protocol and medical requirements 

For the development of the innovative parallel robot integrated as an assistant in min-

imally invasive robotic-assisted pancreatic surgery, a medical protocol was defined 

alongside surgeons in the field. This protocol consists of five stages and is illustrated 
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in Fig. 1. Based on this protocol, the robot can precisely and safely manipulate a third 

active instrument, whose main role is to provide the surgeon with the space required 

to perform the resection and reconstruction needed in WP. 

 
Fig. 1. Medical protocol for pancreatic cancer 

According to the medical protocol, the requirements established by surgeons are 

defined and integrated into the robot design stage, as follows: easy to use, quick attach-

ment of instruments, reduced setup time (positioning and robot adjusting), intuitive control, 

customized control adapted to the surgeon's requirements, modularity, reduced footprint, high 

dexterity for robot and instrument, range of motion between ±25° and maximum insertion of 

250 millimeters, real-time control, restricting the workspace of the active instrument attached to 

the robot, remote control, high stiffness, quick integration into the operating room, ergonomic 

control console. 

2.2 Kinematics of the innovative parallel robot Athena 

Based on the medical protocol illustrated in Fig. 1 and the medical requirements, the 

kinematic scheme of the innovative parallel robot Athena was developed, and a patent 

application was filed [25], the main role of the robot being as an assistant to the main 

surgeon. The Athena robot can control a third surgical instrument that ensure work-

space during surgery by holding the organs around the pancreas. More details about 

the robot's functionality are described in [26, 27]. The kinematic scheme of the robot 

is presented in Fig. 2. The Athena robot is composed of 9 passive revolute joint 

RiP,i=1...9, three passive prismatic joints TiP,i=1...3, three active prismatic joints 

qiP,i=1...3 and two passive universal joints, UiP,i=1...2. As for the global coordinate 

system it was placed in the RCM (ORCM, XRCM, YRCM, ZRCM), while on the Athena robot 

a second coordinate system (OXYZ) was attached. The geometric parameters of the 

robot are: lengths ai,i=1...5; a2min (minimum stroke for q3), the length of the instru-

ment denoted by a, the inserted length of the instrument relative to the RCM point 

denoted by lins to which are added the lengths a0i,i=1...3, lengths that define the coor-

dinates of the system attached on the parallel robot (OXYZ) in the global coordinate 
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system with origin in the RCM. To ensure mechanical constraint of the RCM, a 

spherical mechanism is used, composed of five passive revolute joints RiS,i=1...5, and 

a passive cylindrical joint C1S, which provide the rotation and insertion motion of the 

active instrument, while the connection between the spherical mechanism and the 

robot base is achieved by means of a rod provided with two spherical joints Si,i=1...2, 

which are used for the placement and adjustment of the RCM position of the spherical 

mechanism with respect to the robot coordinate system [27]. 

 
Fig. 2. Kinematic scheme of the parallel robot Athena 

Based on the kinematic scheme and parameters described in [27], both forward and 

invers kinematic models of the Athena robot were developed and were integrated into 

the control system of the robot using the input/output equations [28]. 

The resulting computations are both simple and robust, as they involve solving on-

ly quadratic equations [26, 28]. 

2.3 Final design of the Athena robot 

The mechanical design of the Athena robot was based on the kinematic scheme illus-

trated in Fig. 2 using Siemens NX software. For this stage, several iterations of the 

proposed solution were carried out, with Fig. 3.a illustrating the simplified version of 
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the Athena robot, while Fig. 3.b illustrates the final version of the proposed solution. 

Both solutions presented integrate the requirements of the medical staff presented in 

subsection 2.1, the robot being based on a parallel architecture and a passive spherical 

mechanism developed with the aim of mechanically constraining the RCM point. To 

achieve the transmission of movements to the active instrument attached to the robot, 

large-pitch screw-nut transmissions are used, while also providing the high handling 

speeds required, especially in emergencies that require rapid withdrawal of the active 

instrument from the intraoperative field. The rotational movement transmitted by the 

three actuators in the robot's mechanical structure to the ball screws is achieved by 

belt wheels, with two of the three axes (q1 and q2) fixed in the XOY plane, while the 

axis for q3 is fixed in the XOZ plane. 

In order to obtain a solution that covers the anatomical parameters of patients as 

much as possible, we added an additional axis that moves the Athena robot up and 

down (along the Z axis), as well as a connecting element with two spherical joints that 

facilitates the connection and adjustment of the passive spherical mechanism to the 

structure of the Athena robot. 

  
(a) (b) 

Fig. 3. The 3D evolution of the Athena robot (a - first version, b - final version) 

To provide a complete solution, our own active instrument was developed and in-

tegrated with the Athena robot. The proposed active instrument consists of a 10 mm 

diameter shaft with an articulated distal head. To provide improved surgical dexterity 

and an extended workspace compared to standard minimally invasive surgical instru-

ments, the instrument integrates four degrees of freedom (DOF), qinsi, i=1…4. The 

design of the flexible active instrument is depicted in Fig. 4 and comprises four main 

components: (a) - the distal head, (b) - the flexible segment, (c) - the rod and (d) - the 

instrument driver housing. 

 
Fig. 4. 3D Model of the flexible active instrument 
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A detailed view of the instrument's driver housing is illustrated in Fig. 5, where the 

five motors used to control the flexible instrument can be seen. 

 
Fig. 5. Main components of the surgical instrument 

The first motor (M1) manages the opening and closing of the grasper jaws through 

a linear actuation system. A rod inside the main tube transmits this linear motion to 

the distal head, where it is converted into angular movement by a scissor mechanism. 

The translation flange, which includes a nut and lead screw, converts the rotational 

motion from M1 into linear movement. The second motor (M2) controls the rotation 

of the distal head. The rod is connected to M2 via a coupler, and its rotation is 

smoothly transmitted to the distal head through a wire rope. The bending movement 

of the flexible segment is controlled by two motors (M3 and M4). These motors use 

rollers and a tensioning mechanism to adjust the tension of the wires, allowing the 

segment to bend. Reversing the rotation direction of these motors returns the segment 

to its initial position. The final motor (M5) rotates the entire instrument shaft using a 

conical gearbox. This setup allows for stable rotation of the instrument. Fig. 6 and 

Fig. 7 illustrate the correlation between these movements and the 3D Space Mouse 

device used to control the system. For the control of the proposed solution, two con-

trol modes are used, the first mode for controlling the robot's 3 DOF and the second 

mode for controlling the active instrument. Switching between the two control modes 

is performed using buttons 1 and 2 labeled on the 3D Space Mouse (1 for controlling 

the robot and 2 for controlling the active instrument composed of the five motors 

shown in Fig. 5). 

 
Fig. 6. ATHENA robot movements correlated with 3D Space Mouse 
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Fig. 7. Active instrument movement correlated with the 3D Space Mouse 

2.4 Finite element analysis for the main components of the Athena robot 

To validate the mechanical design stage of the Athena robot and to achieve high stiff-

ness according to medical requirements, finite element analyses (FEA) were per-

formed on all designed mechanical components. This subchapter illustrates only the 

analyses and results obtained for the most loaded mechanical elements in the robot's 

structure. A finite element analysis was also performed on the entire robot structure, 

applying a collinear force of 30 N on the active instrument axis, which is the maxi-

mum force when discussing tissue manipulation [29-31]. The results obtained from 

this study are detailed in [32], where a deformation of 0.23 mm and a maximum von 

Mises stress value of 15.29 MPa, a value lower than the yield strength of the materials 

used in the mechanical construction of the proposed solution. Also, in [32], the stiff-

ness analysis presented, the values obtained being encouraging for further studies, 

matching the values of commercial variants of robots developed for robot-assisted 

laparoscopic surgery. The most overloaded elements presented in this subchapter are 

illustrated in Fig. 8, which also illustrates their positioning on the mechanical struc-

ture of the Athena robot. 

 
Fig. 8. The most overloaded elements of the Athena robot  
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Siemens NX software was used to perform the FEA, in which friction forces and 

joints clearances are not included, as the joints are considered perfect. The force ap-

plied to the mechanical elements illustrated in Fig. 8 was between 15 N for the active 

instrument flexible flange and 110 N for the q3 linear axis fixing flange (the force of 

15N was applied according to the force required during the procedure, while the max-

imum force was applied based on the mass of each element of the proposed solution), 

while the materials included ABS, aluminum, and steel. 

Following the application of FEA, the maximum displacements of the mechanical 

elements (Fig. 8) resulting from the application of forces fall within the elastic range, 

and the von Mises forces are below the yield strength of the materials (ABS - 45 MPa, 

aluminum - 240 MPa, steel - 310 MPa), which validates the mechanical design stage 

of the Athena robot. The main deviation of the instrument tip obtained from the anal-

yses is 0.1 mm, and the main deviation of the RCM is 0.23 mm, compared to com-

mercial robots, where the deviation is 1.06 mm. Based on these studies and the data 

presented in [25-28], the experimental model of the Athena robot was developed and 

tested under laboratory conditions, with the results presented in the next chapter. 

3 Testing and validation of the Athena robot under laboratory 

conditions 

The experimental model of the Athena robot and the experimental setup used for test-

ing under laboratory condition is illustrated in Fig 9. The testing stages of the Athena 

robot is performed by surgeons, manipulating different objects attached in a test kit 

developed for minimally invasive surgery, the test scenarios addressed in this testing 

stage as well as the simulators used are presented and detailed in Fig. 10-13 where it 

can be observed the objects manipulated as well as the different manipulation tasks 

performed with the active instrument developed and integrated with the mechanical 

structure proposed in this work. 

 
Fig. 9. Experimental setup of the Athena robot 
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During the manipulation testing stage, the developed active instrument with a 10 

mm diameter was evaluated using plastic springs within a training simulator environ-

ment. The instrument was operated through controlled movements to demonstrate its 

grasping and manipulation capabilities in the workspace, simulating minimally inva-

sive surgical conditions. 

The results from this test are presented in Fig. 10, which shows the successful ma-

nipulation and of the plastic springs using the prototype instrument. 

 
 

Fig. 10. Manipulating plastic springs Fig. 11. Wiring manipulation in rings 

The developed 10 mm diameter active instrument was used to insert a wire through 

a ring within a training simulator and Figure 11 illustrates the results of this evalua-

tion. Another surgical procedure that was performed is represented by the cutting of a 

spherical tissue structure. This assessment involved the developed active instrument 

working in coordination with surgical scissors through trocar ports in the training 

simulator and Fig. 12 presents the outcome of this evaluation. 

The last evaluation that was evaluated is represented by the tissue cutting. This 

evaluation involved the developed diameter active instrument working alongside a 

laparoscopic camera, a surgical scissor and surgical forceps within the training simu-

lator setup. The results of this evaluation are illustrated in Fig. 13. 

  

Fig.12. Spherical tissue structure cutting Fig 13. Tissue cutting evaluation 

Throughout the entire testing phase, the time required to perform each scenario 

was improved by 10% compared to manual laparoscopic surgery, where the time per 

procedure, depending on complexity, is estimated at between 2 and 10 minutes. The 

10% reduction was achieved thanks to the improved dexterity of the flexible instru-

ment compared to rigid instruments. 
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4 Results 

The results that were obtained during the finite element analysis and testing stages 

demonstrated successful development and validation of the Athena parallel robot for 

pancreatic surgery procedures. 

The stiffness of the Athena robot under operational conditions was evaluated using 

the finite element analysis. The structure of the robot displayed a maximum defor-

mation of 0.23 mm and a maximum von Mises stress of 15.29 MPa at the spherical 

mechanism when was subjected to a 30 N collinear force along the axis of active in-

strument and all stresses remained within the yield limits for the critical components 

analyzed in subsection 2.4 by applying forces between 15 N and 110 N. 

The robot's operational capabilities in multiple surgical simulation scenarios were 

successfully validated during experimental tests, with the data being transmitted in 

real time and no delays in the command section.  

Both robot positioning and active instrument manipulation were successfully 

achieved, reducing the operating time for the illustrated tasks by 10% compared to the 

classic procedure, thanks to the dexterity of the active instrument. 

5 Conclusions 

This paper introduces the development and validation of the Athena robot, designed 

to serve as a surgical assistant in minimally invasive laparoscopic pancreatic surgery, 

capable of manipulating a third instrument. The robot uses a parallel modular struc-

ture that combines a 3-DOF parallel structure with a passive spherical mechanism. 

This design maintains the RCM constraint essential for minimally invasive surgery. 

We have developed kinematic models and integrated them into the robot's control 

system. Finite element analysis confirmed that all mechanical components operate 

within safe stress limits, ensuring reliability and safety during surgical procedures. 

The active instrument of the Athena robot features four degrees of freedom, providing 

the necessary flexibility for pancreatic procedures. Controlled via a space mouse, this 

instrument allows for intuitive and user-friendly manipulation of its movements. Ex-

perimental validation using a minimally invasive surgery training kit demonstrated 

positive results across various scenarios. These tests confirmed the robot's ability to 

assist in complex surgical tasks while maintaining the precision and dexterity required 

for such delicate operations. Future work will focus on defining and integrating into 

the robot's control logic a model able to generate smooth trajectories so that vibrations 

are reduced or even eliminated, as well as implementing force control to detect colli-

sions between the robot, the surgical instrument, and the environment. We will also 

test additional instruments, such as actuated endoscopes and multi-finger retractors. 

Finally, we plan to develop automatic motions for the tools and the RCM by analyz-

ing surgeons' gestures, further enhancing the robot's capabilities and integration into 

surgical practices. 



11 

Acknowledgements 

This research was funded by the project New smart and adaptive robotics solutions 

for personalized minimally invasive surgery in cancer treatment - ATHENA, funded 

by European Union – Next Generation EU and Romanian Government, under Na-

tional Recovery and Resilience Plan for Romania, contract no. 760072/23.05.2023, 

code CF 116/15.11.2022, through the Romanian Ministry of Research, Innovation and 

Digitalization, within Component 9, investment I8. 

References 

1. Hu J. X., et al (2021). Pancreatic cancer: A review of epidemiology, trend, and risk factors. 

World journal of gastroenterology, 27(27), 4298. 

2. Park W., Chawla A., O’Reilly E. M. (2021) Pancreatic cancer: a review. Jama, 326(9), 

851-862. 

3. Halbrook C. J., Lyssiotis C. A., di Magliano M. P., Maitra A. (2023) Pancreatic cancer: 

advances and challenges. Cell, 186(8), 1729-1754. 

4. Mizrahi J. D., et al (2020). Pancreatic cancer. The Lancet, 395(10242), 2008-2020. 

5. Rus G., Andras I., Vaida C., Crisan N., Gherman B., Radu C., Tucan P., Iakab S., Hajjar 

N.A., Pisla D. (2023) Artificial Intelligence-Based Hazard Detection in Robotic-Assisted 

Single-Incision Oncologic Surgery. Cancers 2023, 15, 3387. 

6. Tucan P., Vaida C., Horvath D., Caprariu A., Burz A., Gherman B., Iakab S., Pisla D. 

(2022) Design and Experimental Setup of a Robotic Medical Instrument for Brachytherapy 

in Non-Resectable Liver Tumors. Cancers 2022, 14, 5841. 

7. Robatel S., Schenk M. (2022) Current Limitations and Novel Perspectives in Pancreatic 

Cancer Treatment. Cancers 2022, 14, 985. 

8. Changazi S. H., Ahmed Q., Bhatti S., Siddique S., Abdul Raffay E., Farooka M. W., 

Ayyaz, M. (2020) Whipple Procedure: A Five-Year Clinical Experience in Tertiary Care 

Center. Cureus, 12(11), e11466. 

9. Chitwood W. R., Jr. (2022) Historical evolution of robot-assisted cardiac surgery: a 25-

year journey., Annals of cardiothoracic surgery, 11(6), 564–582. 

10. Biswas P., Sikander S., Kulkarni P. (2023) Recent advances in robot-assisted surgical sys-

tems. Biomedical Engineering Advances, vol. 6,100109. 

11. Cawich, S. O., et al (2023) Whipple's procedure for pancreatic cancer: training and the 

hospital environment are more important than volume alone. Surg. in Practice and Scie., 

14, 100211. 

12. De Pastena M., et al. (2023) Distal pancreatectomy fistula risk score (D-FRS): develop-

ment and international validation. Annals of Surgery, 277(5), e1099-e1105. 

13. Pisla D., Calin V., Birlescu I., Hajjar N.A., Gherman B., Radu C., Plitea N. (2020) Risk 

Management for the Reliability of Robotic Assisted Treatment of Non-resectable Liver 

Tumors. Appl. Sci. 2020, 10, 52. 

14. Meershoek P., et al (2021) Multi-wavelength fluorescence imaging with a da Vinci Fire-

fly—a technical look behind the scenes. Journal of Robotic Surgery, 15, 751–760. 

15. Haidegger T. et al (2022) Robot-assisted minimally invasive surgery-Surgical robotics in 

the data age." Proceedings of the IEEE, 110(7), 835-846. 

16. Handa A., Gaidhane A., Choudhari S. G. (2024) Role of Robotic-Assisted Surgery in Pub-

lic Health: Its Advantages and Challenges. Cureus, 16(6), e62958. 



12 

17. Rassweiler J., Goezen A. S., Klein J., Liatsikos E., Breda A. (2024) New robotic plat-

forms. In Robotic Urology (pp. 3-51). Cham: Springer International Publishing. 

18. Vaida C., Birlescu I., Gherman B., Condurache D., Chablat D., Pisla D. (2025) An analysis 

of higher-order kinematics formalisms for an innovative surgical parallel robot. M.M.T, 

2025, 209, 105986. 

19. Vaida C., Pisla D., Schadlbauer J., Husty M., Plitea, N. (2016) Kinematic analysis of an 

innovative medical parallel robot using study parameters. In New Trends in Medical and 

Service Robots. Mechanisms and Machine Science; Wenger, P., Chevallereau, C., Pisla, 

D., Bleuler, H., Rodić, A., Eds.; Springer: Cham, Switzerland, 2016; Volume 39. 

20. Khachfe, H. H., et. al (2022) Robotic pancreas surgery: an overview of history and update 

on technique, outcomes, and financials. Journal of robotic surgery, 16(3), 483-494. 

21. Robatel S., Schenk M. (2022) Current limitations and novel perspectives in pancreatic 

cancer treatment. Cancers, 14(4), 985. 

22. Pisla D., Szilaghyi A., Vaida C., Plitea N. (2013) Kinematics and workspace modeling of a 

new hybrid robot used in minimally invasive surgery. Robotics and Computer-Integrated 

Manufacturing, 29(2), 463-474. 

23. Aghakhani N., et al. (2023) Task control with remote center of motion constraint for min-

imally invasive robotic surgery. In 2013 IEEE international conference on robotics and au-

tomation (pp. 5807-5812). IEEE. 

24. Zhang W., et al (2024) State of the art in movement around a remote point: a review of 

remote center of motion in robotics. Frontiers of Mechanical Engineering, 19(2), 14. 

25. Vaida C., Gherman B., Tucan P., Birlescu I., Chablat D., Pisla D.(2024) Parallel robotic 

system for MIS of the pancreas, Patent pending A00522/11.09.2024. 

26. Pisla D., Pusca A., Gherman B., Pisla A., Birlescu I., Tucan P., Vaida C., Chablat D. 

(2025) Modeling and simulation of an innovative parallel robot for pancreatic surgery, 

Proceedings of the ASME - International Design Engineering Technical Conferences and 

Computers and Information in Engineering Conference, 48th Mechanisms and Robotics 

Conference (MR), Anaheim, California, USA. August 17-20. (Accepted to conference). 

27. Tucan P., Ciocan A., Gherman B., Radu C., Vaida C., Hajjar N.A., Chablat D., Pisla D. 

(2025) Design Optimization of a Parallel Robot for Laparoscopic Pancreatic Surgery Us-

ing a Genetic Algorithm. Appl. Sci., 15, 4383., 2025. 

28. Pisla D., Ciocan A., Gherman B., Pusca A., Al Hajjar N., Mois E., Cailean A., Tucan P., 

Zima I., Vaida C. (2025) Development of a control system for an innovative parallel robot 

used in laparoscopic pancreatic surgery., 22nd International Conference on Informatics in 

Control, Automation and Robotics (ICINCO). (Accepted to conference) 

29. Golahmadi A. K., Khan D. Z., Mylonas G. P., Marcus H. J. (2021). Tool-tissue forces in 

surgery: A systematic review. Annals of Medicine and Surgery, 65, 102268. 

30. Pisla D., Plitea N., Videan A., Prodan B., Gherman B., Lese D. (2009) Kinematics and de-

sign of two variants of a reconfigurable parallel robot. In Proceedings of the 

ASME/IFToMM International Conference on Reconfigurable Mechanisms and Robots, 

London, UK, 24 July 2009. 

31. Puangmali P., Althoefer K., Seneviratne L. D., Murphy D., Dasgupta P. (2008). State-of-

the-art in force and tactile sensing for minimally invasive surgery. IEEE Journal, 8(4), 

371-381. 

32. Pisla D., Pusca A., Caprariu A., Pisla A., Gherman B., Vaida C., Chablat D. (2025) Design 

Analysis of an Innovative Parallel Robot for Minimally Invasive Pancreatic Surgery. In: 

Laribi, M.A., Carbone, G., Pisla, D., Zeghloul, S. (eds) New Trends in Medical and Ser-

vice Robotics. MESROB 2025. Mechanisms and Machine Science, vol 186, pp 466-476. 


