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Laparoscopic surgery (LS) is a minimally invasive technique that offers many advantages over traditional open surgery: it
reduces trauma, scarring, and shortens recovery time. Researchers review the applications and challenges in the
development of tactile feedback technologies that can be implemented with conventional laparoscopic instruments
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| 1. Introduction

Laparoscopic surgery (LS) is a minimally invasive technigue that offers many advantages over traditional open surgery:
reduces trauma, scarring, and shortens recovery time. In LS, surgeons use an endoscope camera and long surgical
instruments to access the anatomy of the patient through natural openings or keyhole incisions (5-12 c¢m in diameter) [,
However, laparoscopic techniques have several drawbacks [&. The images obtained from the endoscope camera are in
most cases 2D, with loss of depth perception. Instruments pivot around the incision point, creating a mirror effect that
requires the surgeon to move the instruments in the opposite direction, restricting range of motion, and contributing to
poorer hand-eye coordination. Recent advances in the development of robotic-assisted surgery technologies have been
shown to be effective in addressing these problems. Robotic systems can improve surgeon capabilities by providing
magnified 3D vision with depth perception, highly dexterous surgical tools, and intuitive human-robot interfaces with
improved ergonomics and high-precision tool motion control &1, Robot-assisted surgery platforms have been developed
for a wide range of surgical applications, including laparoscopic ), endonasal B8, and ophthalmic @ surgeries. The
benefits of robot-assisted minimally invasive surgery (RMIS) come at the cost of being expensive, bulky, and time-
consuming to set up . Moreover, RMIS systems show a longer and steeper learning curve, as they are not widely
available as compared to conventional laparoscopic instruments.

Despite the benefits obtained from RMIS techniques, an important limitation in LS remains: the loss of haptic sensation
(force and tactile). Haptic information is important for the surgeon to discriminate between healthy and abnormal tissues,
manipulate delicate tissues, and identify organs. Several studies have found a strong correlation between lack of haptic
feedback and operational injuries. This limitation is acknowledged by the increasing number of studies on the
development of tactile and force sensors. However, less interest has been found in the development of tactile feedback
displays. Most of the proposed devices have been developed for RMIS, in which critical constraints, such as size, weight,
or sterilibility, can be omitted because the surgeon is physically decoupled from the patient. Since RMIS s still far from
being generally accessible, this survey focuses on recent progress in the development of tactile feedback technologies
that can be implemented with conventional laparoscopic instruments.

| 2. Haptic Feedback in Minimally Invasive Surgery

Haptic feedback systems are commonly divided into two main types: kinesthetic or force feedback, and tactile or
cutaneous feedback 2. The difference lies in the feedback signal they provide 19. Kinesthetic feedback provides the
surgeon with information about the position, velocity, and force of objects. It relies on mechanoreceptors found within the
joints and muscles. Traditional LS provides kinesthetic feedback to some extent through the transmission of forces along
the shaft of the surgical tool. Tactile feedback provides information on a range of properties of surface tissues, such as
temperature, pressure distribution, and texture, and is commonly termed the sense of touch. Humans obtained tactile
information through stimulation (e.g., deep pressure, stretching, and vibrations) of mechanoreceptors located on the skin.
Unlike kinesthetic feedback, in LS, the tactile feedback is completely lost. Compared to kinesthetic feedback, the display
of tactile information is a significantly more difficult task due to the large number of tactile sensations available in human
hands. Figure 1 shows the workflow of a tactile feedback system for laparoscopic surgery.
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Figure 1. Tactile feedback in minimally invasive surgery. Tactile sensors convert the tactile stimuli into data sent to the
tactile display, which recreate the same feedback sensation into the human skin mechanoreceptors.

In LS, it is important for the surgeon to recognize the consistencies, shapes, and structures of the tissue, and the lack of
tactile feedback information represents an important challenge. Despite efforts to provide reliable tactile feedback in the
surgical room, there is still no system ready for clinical applications [&!.

| 2. Applications in Laparoscopic Surgery

Experimental results have shown that the addition of tactile feedback increases overall performance in common surgical
tasks, with applications in palpation, tissue manipulation, suturing, and guidance tasks.

2.1. Palpation

Tumors are generally more rigid than surrounded tissues, and therefore a higher pressure intensity could be used for
tumor detection. Most of the works included have focused on the palpation task to discriminate tissue stiffness. Rigid
tactors have been proposed to reproduce stiffness as a normal force applied over the user’s finger, arm, or foot. The need
to mount the actuators on the surgeon’s body, skin exposure, and minimal tactile information transmission could limit its
applicability in real scenarios. In the case of vibrotactile feedback, specific vibration patterns appear to be more effective
than others for the palpation task 1. The benefits of using different patterns in other LS tasks remain unexplored.
Furthermore, feedback gain is also an important parameter that should be adjusted according to the level of user
perception 22, Comparison studies between tactile feedback on the skin and visual tactile feedback showed a preference
for visual display of tactile information. However, multimodal display, in which both forms of feedback are presented
simultaneously, appears to be more effective 23114],

2.2. Tissue manipulation

Manipulation of tissues and organs is based on a good estimation of their dynamic characteristics, such as stiffness and
elasticity. Surgeons generally use grip force feedback to estimate these characteristics. Amplification of grip forces has
been proposed 12 by innovative designs of compliant mechanisms without the need for a sensor. The reliability and
robustness of the proposed design in real surgical scenarios still require further studies.

2.3. Suturing

Control of tension forces in suturing and knot tying tasks is required to avoid damaging delicate tissues. Stochastic
resonance (SR) has been explored for this application 28l The use of SR improved the participant’s assessment scores in
terms of total score and needle position due to improvements in tactile sensitivity when holding a needle. However,
experiments ex vivo did not show improvement in tissue damage and large-scale experiments are still required.



2.4. Guidance

Vibrotactile cues have also been explored to guide the movement of surgical tools along predefined constraints, for

example, in the case of resection paths 23], Well-tuned vibration patterns significantly improve performance in a guidance

task. Only corrections are provided as vibrotactile information, and ways of including directional information have not yet

been studied.

2.5. Challenges in the Development of Tactile Displays

In contrast to kinesthetic feedback, the complexity and various forms of tactile sensations make the development of tactile

displays for LS quite challenging. To be implemented on conventional laparoscopic tools, tactile displays must overcome

challenges similar to those for tactile sensing:

Transparency: The tactile display should provide tactile information to the surgeon in a natural and seamless way to
avoid increasing the surgeon’s cognitive workload.

Compactability: Size of the tactile display must be able to be included in the surgical workspace without constraining
the surgeon’s movement.

Weight: The weight of the display should not affect the manipulation of the surgical tool and should not increase the
surgeon’s effort. The selection of external actuators and its location are critical to reduce the overall weight of the
device.

Time delay: The time delay between tactile sensing and tactile feedback rendering reduces its effectiveness.
Safety: Forces generated must be kept within a safe range to avoid injuring the surgeon.
Adjustable: Each user requires different levels of stimulation, and adjustable perception is desirable.

Sterilizable: Tactile displays mounted close to the surgical workspace (e.g., surgical tool or surgeon’s hands) must be
sterilized.

Reusability: To reduce costs, surgical instruments are commonly reused multiple times before being discarded. In the
same way, tactile displays should be designed to last for many uses. Single-use devices could eliminate the need for
cleaning or sterilization but increase costs and have a high environmental impact.
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