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Abstract 

One of the key disadvantages of robotic surgery as of today is the lack of haptic feedback. While in traditional surgery 
surgeons using their haptic senses in all tasks most medical robot lack this ability. Using robots with haptic feedback 
have the potential of reducing the time spend by surgeon on such tedious subtasks as suturing helps reducing surgeon 
fatigue. Also decreasing the manual input of the surgeon enables remote surgery even using long communication 
links with big latency. In this paper we present a framework of wound detection and suture planning. We plan to 
implement and test our algorithms using KUKA iiwa manipulator. 
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1. Introduction 

Injury to tissues of a body, which are generally caused by 
physical means with tissue continuity destruction, is 
defined as a wound. In cases when a tissue has been 
damaged severely up to the level that it cannot be healed 
without intervention (i.e., without complications), a 
complicated treatment procedure is applied. During the 
procedure dead tissue (and possibly foreign objects) 
should be removed, infection should be treated, and the 
tissue should be maintained in apposition until the 
healing processes provides the wound with sufficient 
strength to withstand mechanical stress without 
additional support (i.e. sutures, staples, strips, or topical 
adhesives). Intervention allowing the wound to go 
through a repair is referred as wound suturing. Suturing 
is a challenging and time-consuming task. Existing 
manual suture techniques could be used for automatic 
robot-assisted surgical suture, with all steps of suture 

being planned and executed under surgeon expert 
supervision.  

We target to implement procedures of automatic 
robot-assisted surgical suture using KUKA iiwa robot, 
which includes haptic feedback sensors that could 
provide significant contribution to interactions with soft 
tissue. We plan a line of sutures that holds a wound edges 
in approximation during a healing procedure, consisting 
of a continuous strand of material or a series of 
interrupted suture strands. The goal of this paper is to 
establish a procedure for automatic wound detection and 
intervention planning that is a first step toward the suture 
automation.  

The rest of our position paper is organized as follows. 
We overview several existing techniques in Section 2. 
Section 3 presents suture factors and Section 4 describes 
suture models. Suturing procedure and parameters are 
discussed in Section 5. Wound detection and constructing 
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suture exit/entry points algorithm is described in Section 
6. Section 7 briefly explains suture plan supervision and 
finally we conclude in Section 8.  

2. Related Work 

Autonomous suturing using various surgical robots is a 
thriving research field. Previous studies examined 
different separate parts of suture, e.g., such as knot 
tying1,2,3, thread tracking4,5 and others, or described an 
entire suturing procedure. R. C. Jackson and M. C. 
Çavuşoğlu6 described development of an autonomous 
needle path planning during a simple interrupted suture. 
Using kinematic model of needle-tissue interaction and 
surgeon specified entry/exit points, S. A. Pedram et.al. 
developed an algorithm for optimal selection of a needle 
diameter, shape, and path7. Using a mechanical needle 
guide S. Sen et.al. developed a framework for optimizing 
a needle size, trajectory, and control parameters4. All 
related work required surgeon input in selecting a suture 
path with a wound width and depth. T. Osa et.al. 
proposed an online trajectory planning and a force 
control system for surgery task automation5 that could be 
applicable in real time suturing. 

3. Suturing factors 

Our research focus is on skin wounds. Skin is composed 
of an epithelium and an underlying dermis, which require 
sharp needle for every stitch in order to minimize tissue 
trauma. Sutures need only to be strong enough for natural 
skin tension withstand while holding wound edges in 
apposition. A suturing technique for skin closure may be 
either continuous or interrupted, but the interrupted 
technique is usually preferred8. Each individual suture 
strand is passed through the skin only once, thus reducing 
a chance of a cross-contamination across the entire suture 
line. We emphasize several factors that affect successful 
suturing intervention: 

Closing tension. Tension in the suture must be 
sufficient to approximate tissue and eliminate dead space. 
At the same time, the tension should be loose enough to 
prevent patient discomfort, tissue ischemia and necrosis. 
Thus, there should be a proper control for closing tension. 
Needle. During a placement of sutures in tissue procedure, 
surgical needle is attached to the suture strand in order to 
permit repeated passes through the tissue. As there are 

multiple types of needles, the algorithm should integrate 
needle parameters into a preplanning procedure. 
Suture. The suture is a strand of material being used to 
approximate tissue. There are several parameters for 
sutures, such as a suture size, a tensile strength, and a 
number of strands. The suture size is stated numerically; 
as a number of zeros in the suture size increases, the 
diameter of the strand decreases. With the size decrease 
suture the tensile strength decreases. Sutures are 
classified according to a number of strands of which they 
consist. Monofilament sutures are made of a single strand 
of material; they encounter less resistance as they pass 
through tissue than multifilament suture material. 
Multifilament sutures consist of several strands, twisted 
or braided together to increase tensile strength, pliability, 
and flexibility. 

Knot tying. Each knot that is placed for 
approximation of tissues or ligation of vessels should be 
tied with a high precision and each should hold with a 
proper tension. A particular knot type to be applied 
largely depends upon the used suture, the depth, and the 
amount of stress that will be placed postoperatively. 
When the knot has been securely tied, the ends must be 
cut in a way that they are left relatively long, 
approximately 6mm from the knot. 

4. Sutures model 

There are several types of suture techniques. With regard 
to continuity we distinguish continuous and interrupted 
sutures. 

Continuous sutures are made with one strand that is 
connected to itself at each end, or with both ends being 
connected together. The mechanical strength comes from 
the tension distributed over all strand length. Thus, we 
should produce enough tension, while avoiding excess 
leading to tissue strangulation. Excessive tension can also 
lead to full suture failure. 

Interrupted sutures combine multiple strands to close 
a wound with each stich being tied separately after the 
procedure completion. This provides a more secure 
closure, as while individual stitch breaks, the rest of the 
stitches would hold the wound edges close to each other.   
Other types of primary sutures, such as deep sutures, 
buried sutures, purse-string sutures, and subcuticular 
sutures, are used for specific purposes.   
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Deep sutures are placed completely under an 
epidermal skin layer. They may be placed as continuous 
or interrupted sutures and are not further removed 
postoperatively. 

Buried sutures are sutures that are placed with a knot 
protruding to the inside, under a layer, which is to be 
closed.  

Purse-string sutures are continuous sutures placed 
around a lumen and tightened like a drawstring to invert 
the opening.  

The described above continuous and interrupted 
sutures are in the focus of our long term research work 
and modelling. 

5. Suturing procedure and parameters  

Outline of suturing procedure is shown in Figure 1. After 
capturing an image from a robot camera, we estimate 
wound dimensional parameters. A supervising surgeon 
then specifies a suture technique and material to be 
applied. The robot proceeds with the generation of initial 
plan of an intervention, which consists of an exit/entry 
and a knot point locations. After the surgeon finalizes the 
plan, the robot proceeds with individual point planning 
and procedure execution under the surgeon supervision. 
Full sensor data of the process is recorded for further post 

intervention analysis. After completion of the plan suture 
undergoes quality control by the surgeon. 

6. Wound detection and constructing suture 
exit/entry points 

General recommendation for most areas of the body, 
except a human face, is that sutures should be placed in 
skin 3–4 mm from a wound edge and 5–10 mm apart9.  
As the wound is an irregularity of the skin, clustering will 
allow us to detect possible wound locations. We use 
following successive image transformation to generate 
wound borders and placing exit/entry points (Fig.2): 
1. Apply low-pass filtering; 
2. Extract cluster components using mean shift 

clustering method; 
3. From a wound cluster image extract points using a 

skeleton transform; 
4. Construct a wound centerline approximation spline; 
5. Construct the upper and the lower wound suture 

splines by placing points tangentially to local 
vicinity by stich width; 

6. Place exit/entry points on border splines; 
7. Assign point order according to selected suturing 

techniques; 

7. Suture plan supervision 

After determining the entry/exit points we add knotting 
points at the ends of each continuous stitch. The 
combination of ordered list of entry/exit points and knots 
comprise our initial suture plan.   

Fig. 1. Automatic suture procedure 

Fig. 2. Wound borders and exit/entry point evaluated step by 
step for continuous suture 
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The initial suture plan that is generated by our 
algorithm is presented to a supervising surgeon. The 
surgeon then can modify the plan by 
moving/adding/deleting points/knots and changing the 
order of stitching. It is possible to use such corrections to 
progressively learn suturing procedure of a robot under 
direct supervision. Thus, using artificial machine 
intelligence, we can improve outcomes of surgical 
procedures and significantly reduce surgeon fatigue. 

After a surgeon approval the assisting robot can 
proceed to plan and execute individual point operations. 
The supervising surgeon continuously observes a current 
action and a plan of next actions of the robot as well as 
suture tension. Moreover, the surgeon is authorized to 
interrupt and/or correct the robot at any moment. All 
actions of the assisting robot and sensory data are 
carefully recorded for future analysis. 

8. Conclusions and Future Work 

This position paper presented initial stages of 
autonomous supervised suturing including a wound 
border detection and exit/entry points generation, that are 
followed by knot points allocation, being specific to 
particular selected technique and parameters. Our future 
work is to adopt the existing methods in needle path 
planning and integrate them into our framework to 
evaluate performance on KUKA iiwa robot using haptic 
feedback. Suture thread tension management using 
haptic feedback and tracking a position or a deformation 
of the suture thread are also under consideration. 

We plan to use ZED camera stereo vision to 
reconstruct a wound profile and to extend the planning 
into a 3D space of tissue. 

Acknowledgements 

Part of the work was performed according to the Russian 
Government Program of Competitive Growth of Kazan 
Federal University. 
 
 
References 
1. A. Knoll, H. Mayer, C. Staub, and R. Bauernschmitt, 

Selective automation and skill transfer in medical robotics: 
a demonstration on surgical knot-tying, The Int. J. of 
Medical Robotics and Computer Assisted Surgery (2012), 
vol. 8, no. 4, pp. 384–397.  

2. J. Van Den Berg, S. Miller, D. Duckworth, H. Hu, A. Wan, 
X.-Y. Fu, K. Goldberg, and P. Abbeel. Superhuman 
performance of surgical tasks by robots using iterative 
learning from human-guided demonstrations, Proc. of 
IEEE Int. Conf. on Robotics and Automation (2010), pp. 
2074–2081. 

3. H. Kang and J. T. Wen, Autonomous suturing using 
minimally invasive surgical robots, Proc. of the 
International Conference on Control Applications (2000), 
pp. 742–747. 

4. S. Sen, A. Garg, D. V. Gealy, S. McKinley, Y. Jen and K. 
Goldberg, Automating multi-throw multilateral surgical 
suturing with a mechanical needle guide and sequential 
convex optimization, IEEE Int. Conf. on Robotics and 
Automation (2016), pp. 4178-4185. 

5. T. Osa, N. Sugita and M. Mitsuishi, Online Trajectory 
Planning and Force Control for Automation of Surgical 
Tasks, IEEE Transactions on Automation Science and 
Engineering (2017), vol. PP, no. 99, pp. 1-17. 

6. R. C. Jackson and M. C. Çavuşoğlu. Needle path planning 
for autonomous robotic surgical suturing, in IEEE Int. 
Conf. on Robotics and Automation (2013), pp. 1669-1675. 

7. S. A. Pedram, P. Ferguson, J. Ma, E. Dutson and J. Rosen, 
Autonomous suturing via surgical robot: An algorithm for 
optimal selection of needle diameter, shape, and path, in 
IEEE Int. Conf. on Robotics and Automation (2017), pp. 
2391-2398. 

8. Ethicon Wound Closing Manual, Somerville, N.J., 
Ethicon, Inc. (1994). 

9. N. B. Semer. Practical plastic surgery for nonsurgeons, 
iUniverse (2007), ISBN 0595461891. 
 

211


