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Introduction
Through the use of a cadaveric porcine model, forces necessary for manipulation of the

abdominal organs were evaluated using an instrumented probe. Additionally, forces for

tissue puncture, knot tightening, and suture breakage have been measured in order to

determine the requirements placed upon the design of novel robotic surgical tools. The

break forces for a variety of suture sizes and types were evaluated including sizes 3-0

through 7-0 polypropylene, size 1 polybutestor, size 4-0 chromic gut, and size 6-0 braided

polyester. Tests of the tissue puncture force and knot tightening forces were carried out

using the same instrumented probe, while the suture break forces were measured using a

tension testing machine. The measured forces were found to compare well against the

literature and provide a good basis from which to design robotic surgical tools with the

appropriate capabilities.

Methods
• Abdominal tissues including the liver, spleen, gallbladder, stomach, kidney, and bladder

were examined by using a force probe to manipulate the tissue (Figure 1). The force was

recorded as a magnitude applied to the tip of the probe (Figure 2).

• Forces for common suturing tasks (tissue puncture and knot tightening) were measured.

• The forces necessary to break the suture line were quantified using a variety of suture

sizes and materials, listed in Table 1.

Figure 1: Force measurements being taken in a porcine abdomen.

Summary
The results demonstrate that it will be necessary for the designers of novel surgical

robotics to consider the specific applications that their tool is targeting when determining

the limits of capability. Scarfogliero et al. presents a novel surgical robot designed for

single-port laparoscopic surgery that is capable of producing 5 Newtons of force at the

tool tip [2]. In a scenario such as this where increasing the force capacity of the tool may

be size or cost prohibitive, it may be necessary to make use of specialized tools such as

cutting instruments to complete the specified task.

Results
• The abdominal tissue manipulation results (Table 2) show that the greatest forces were

measured for the kidney and liver tissues. Damage to tissues was avoided [1]

• Suturing task forces (Table 3) were found to range between 1.5 and 7.2 Newtons. The

lowest force measured was for needle puncture of gallbladder tissue. However, a large

standard deviation of 0.72 Newtons over three trials was found and was likely caused by

variable tissue stiffness within the organ. The greatest force was measured for suture

knot tightening using sutures of size 0. This result is expected due to the increase in

bending stiffness of a suture line with a larger diameter.

• The results for suture break force (Table 4) show a range of 2.20 to 38.67 Newtons with

a direct correlation with suture size. It was observed that the majority of the failures

occurred at the junction between the needle and the line. Since the suture is likely to be

held at the needle, the force necessary to break the needle away from the rest of the

suture, regardless of location, is particularly relevant.
Figure 2: Illustration of mounted six-axis transducer.

Table 1: Suture sizes and types evaluated for break force.

Table 2: Abdominal force and probing measurements.

Table 3: Suture task force measurements.

Table 4: Suture break force measurements.

Figure 3: Rigidly mounted suture for measuring break force.
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