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Minimally Invasive Surgery (MIS)

• Miniaturized surgical tools 

• Minimized surgical traumas

• Robot-assisted MIS

• Motion Scaling 

• Teleoperation 
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(Da Vinci 5, Intuitive) 



Magnetosurgery 

• Further miniaturized instruments 

• Increased maneuverability 

• Untethered operation 
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(D. V. Kladko et al., Smart 
Materials in Medicine, 2023)
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Bimanual Magnetic Actuation 

(M. Wang et al., Engineering, 2023)

Microrobots Multiple local 
EM actuators

Special tool design 

(F. Leong et al., IROS, 2017) (Z. Koszowska et al., Advanced Intelligent Systems, 2023)
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Can we develop a scalable approach for 
bimanual magnetic control? 

External magnetic field direction, 𝑩

Magnetization direction of 
individual magnets, 𝒎

(a)

(b)

Torque: 𝑻 = 𝒎	×	𝑩
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Magnetically Actuated Scissors
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(O. Onaizah et al., ICRA, 2019)



19 mm

3.7 
mm

Cylindrical 
Tube Magnets

Twisted Strings

Compressive 
Spring

Biopsy 
Forceps

Untwisted Strings

𝒎

𝒎

𝑩

Δ𝐿

Jewel 
Bearing

Max. 
2 mm

Actuated by Rotating 
Magnetic Field 
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(H. Mayer et al., Hamlyn Symposium on Medical Robotics, 2024)



Electromagnetic 
Navigation System

Magnetically 
Actuated Scissors

Twisted-String 
Actuated Gripper

Cutting Sample 
(Agar Gel)

Demonstration Setup
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Electromagnetic 
Navigation System

Robot 
Arm

Magnetic 
Field Control

Visual 
Feedback

Workspace

Top-View 
Camera

Demonstration Setup
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Discussion 

• Limitation: gripper cannot be actuated independent to scissors 

• Future work: exploration of a wider range of instruments and 
bimanual surgical tasks 

• Future work: use of untethered tools à generate magnetic field 
gradients for movement control 

• Outlook: diversification of magnetic actuation modes for future 
design of surgical tools
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Electromagnetic Navigation System 
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(A. Schonewille et al., IEEE Trans. Med. Robot. Bionics, 2024)
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Bimanual Magnetic Control 
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Bimanual Magnetic Control 
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