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  Abstract 

Suturing is a basic surgical skill that requires much training to achieve competency. 

Circular suturing is even more challenging, especially in minimally invasive surgery. 

In a radical prostatectomy procedure, circular suturing is performed to reconnect the 

bladder and urethra after the prostate has been removed. Task analysis of linear 

suturing and circular suturing, in laparoscopic and robot-assisted surgery, was 

performed and validated. Results revealed that circular suturing involves more 

motoric and perceptual constraints than linear suturing, requiring depth perception for 

proper alignment of two differently sized circular structures. Robotic surgical systems 

such as the da Vinci Surgical System can reduce some of these constraints by 

providing a stereoscopic view of the circular structures and increasing the 

manipulability of the needle and tissue, compared to the laparoscopic approach. These 

findings have implications for the design of training and assessment, as well as 

assistive tools to enhance the performance of circular suturing. 

  Background 

In surgery, suturing is performed to close incisions or gaps in the anatomy when 

diseased tissue has been removed. Suturing is one of the most difficult basic technical 

skills in surgery (Ghazi & Joseph, 2018). It requires hand-eye coordination, dexterity 

and precision to place evenly spaced stitches with equal tension to achieve good 

approximation of tissue (Secin et al., 2006). In minimally invasive surgery such as 

laparoscopic surgery, intracorporeal suturing is even more difficult due to the limited 

degrees of freedom in manipulation and constrained space (Cao et al., 1996). In 

laparoscopic surgery, 4 or 5 small incisions are made in the abdomen into which the 

laparoscopic instruments are inserted. The tools are long and thin in order to fit into 

small incisions while still reaching the desired points inside the body. The insertion 

point creates a fulcrum effect which forces the surgeons to move their hands in the 

opposite direction they want the end-effector of the tool to move. This skill is non-

intuitive and complicates the procedure for surgeons. The surgical site, provided by 

an endoscope which is also inserted into the abdomen through an incision, is displayed 

on monitors around the operating room for the surgical team. This 2D view of the 

surgical field makes it difficult to manoeuvre within a 3D space. Overall, these 

constraints can complicate many surgical tasks, especially intracorporeal suturing.  
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challenging. Not only is the task difficult to learn, it is also difficult to teach to novice 

surgeons, especially in the minimally invasive approach.  

 

Surprisingly, the robotic surgical system da Vinci (Intuitive Surgical, Inc.; Figure 2) 

that had been struggling to demonstrate value in laparoscopic surgery provided the 

solution to this difficult urological procedure. In fact, the use of the da Vinci Surgical 

System in urological procedures increased from 8% in 2004 to 67% in 2010 and is 

now used in more than 70% of prostatectomy procedures (Voilette et al., 2015).  

 

 

Figure 2. The da Vinci Surgical System includes a control console where the surgeon is seated 

(left) and surgical instrument dock that is positioned over the patient (right). Image from: 

https://www.franciscanhealth.org/health-care-services/robotic-assisted-surgery-334 

The robotic surgical system, da Vinci Surgical System, provides the surgeon with a 

stereoscopic view of the surgical field while being positioned in an ergonomic seat. 

The joysticks and pedals included on the control console allow the surgeon to control 

all of the tools connected to the surgical instrument dock quickly and easily.  

Additionally, the joysticks allow the surgeon to control more intricate movements of 

the surgical instruments such as graspers and scissors. With the da Vinci, these tools 

have more degrees of freedom than traditional laparoscopic tools (Figure 3). The 

wrist-like joints on the da Vinci-compatible tools allow the surgeon to more easily 

manipulate tissue or other medical equipment such as sutures (Chellali et al., 2014). 

Nevertheless, the task of suturing, and in particular, circular suturing, in the minimally 

invasive environment remains challenging. 
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Figure 4: HTA of a circular suturing task using the laparoscopic approach. There are seven 

first-level subtasks and 37 second-level subtasks included in the diagram, all of which are 

necessary to perform a circular suture using this approach. 
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Figure 5: HTA of a circular suturing task using the robot-assisted surgical approach. The 

second level not only has 12 fewer subtasks than the laparoscopic approach, but the tasks are 

also simpler and less exigent. 
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Figure 6: HTA of a linear suturing task using the laparoscopic approach. There are 6 first-

level subtasks and 32 second-level subtasks necessary in order to complete a linear suture 

using this approach. 
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