BOSTON : :
DhaSed Expanding the Workspace of a Robotic M

Platform for Minimally Invasive Surgical Procedures

Mihir Kotbagi'?, Leonardo Zamora?, Tommaso Ranzani?
The Harker School, 500 Saratoga Avenue, San Jose, CA 95129!, Boston University

Morphable Biorobotics Lab, 730 Commonwealth Avenue, Brookline, MA 022154

Background Kinematic Modeling Annuloplasty Simulation

Implanting anchors at 15 locations from (5) and

System Geometry cinching them with suture can treat TR by
preventing leaking (2). The SBA enters the right
atrium through the superior vena cava (5). The
external DOFs enable the tip of the SBA to
precisely reach the target sites.

Minimally invasive surgery (MIS) provides many
benefits over traditional techniques. MIS lowers
risk of infection and trauma but can be more
challenging for doctors because they lose sensory
feedback (1). Stacked balloon actuators (SBASs)
explored for use in such procedures are small,
highly dexterous, and mechanically compliant.
However, they lack the maneuverability needed
to carry out procedures in less accessible areas. ) 1
Tricuspid regurgitation (TR) is a condition where specific independent
blood flows from the right ventricle back to the
right atrium. 5% to 20% of American adults suffer
from TR, making it a major health concern (2). To
highlight the significance of expanding the SBA’s
workspace, we demonstrate the placement of
coiled anchors in the Tricuspid annulus to help
treat TR.
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(A)Anchors placed around the Tricuspid annulus. The
Tricuspid valve is composed of three leaflets that
open and close to control blood flow.

(B)View of the SBA operating in the right atrium with the

Stacked Balloon Actuator Tricuspid valve highlighted.

SBAs are made from layers of thermoplastic

elastomers and Teflon. These materials are Discussion and Conclusions
flexible and biocompatible, making them ideal

for a surgical tool.
Selectively
inflating and
deflating the 3
chambers of an
SBA changes the
position and
pose of the tip.

Our proposed actuation platform has the
potential to enable a variety of new procedures
beyond Tricuspid annuloplasty, as it allows
robotic systems to far better navigate and
manipulate living tissue.

1 C SBAs are modeled as continuous curves so that
=== — they can be more easily controlled. The forward
kinematics for the SBA itself are based on (4), and
the external translation and rotation are
handled as a single transformation. Using the
forward kinematics equations derived from the Future Work
system geometry, we develop an inverse
kinematics algorithm to position the SBA’s tip.

Stacked balloon actuator in various configurations.

Workspace Expansion

External Actuation Platform 5.0 point§ were extracted from a CT scan of the References
right atrium and used to evaluate the workspaces

A compact actuation platform adding translation of the initial and improved systems. Convex hulls (1) Tonutti, M.; Elson, D. S.; Yang, G.-Z.; Darzi, A. W.; Sodergren, M. H. The Role

and rotation degrees of freedom (DOFs) was were formed from the points that each system of Technology in Minimally Invasive Surgery: State of the Art, Recent
Developments and Future Directions. Postgraduate Medical Journal 2017, 93

developed to expand the workspace of the SBA. could access to approximate the workspaces. (1097), 159-167. https://doi.org/10.1136/postgradmedj-2016-134311.

The roller gear takes inspiration from (3) to add Based on this approximation, we find that the (2) Ambrosino, M.; Sangoi, M.; Monzer, N.; Irving, B.; Fiorilli, B; Khazan, B.;
Goldberg, S. Tricuspid Regurgitation: A Review of Current Interventional

both DOFs while being small and allowing the workspace expanded by 143%. Management. JAHA 2024, 13 (6), €032999.

. . . https://doi.org/10.1161/JAHA.123.032999.
tube to remain flexible and eaSI.lY removable° (3) Morimoto, T. K.; Hawkes, E. W.; Okamura, A. M. Design of a Compact
Stepper motors enable high precision in both

Actuation and Control System for Flexible Medical Robots. [EEE Robot. Autom.

(4) Webster, R. J.; Jones, B. A. Design and Kinematic Modeling of Constant
Curvature Continuum Robots: A Review. The International Journal of Robotics
Research 2010, 29 (13), 1661-1683.
https://doi.org/10.1177/0278364910368147.

(5) Yanez, L. Z.; Rogatinsky, J.; Recco, D.; Lee, S.-Y.; Matthews, G.; Sabelhaus,
A. P.; Ranzani, T. Soft Robotic Delivery of Coiled Anchors for Cardiac
Interventions. arXiv 2025. https://doi.org/10.48550/ARXIV.2506.19602.

Acknowledgements

. 5

.~ ‘ 1

i y
il
&
;
== | =
& 4 1
=
.
\
" ™
-‘-
E

: "___¢ ]
417y _—
B j;‘ y - = S

e o
rotation spur gear

e

Fully assembled actuation platform. The red The workspaces of the base SBA and augmented
arrows indicate how gear rotation corresponds to SBA are represented by the yellow solids in (A) and
the system moving. (B), respectively.
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