ABME SI on Medical Robotics Editorial
Medical robotics encompasses surgical, therapeutic and rehabilitative devices that are changing medicine and healthcare. Although the field of medical robotics predates Intuitive’s da Vinci by more than a decade, it was the clinical and commercial achievements of that system that brought medical robotics to widespread patient and public attention. It is now more than fifteen years since the robot began to be used for laparoscopic prostatectomy1. Since then, research in the field has advanced tremendously due to various technological breakthroughs. Over the last few years, there has been a surge in commercial activities in medical robotics, led both by traditional medical device and technology companies as well as new start-ups. This special issue has been commissioned to capture some of the latest research being carried out by these multidisciplinary bioengineering teams and to showcase how some of these advances can impact clinical care.
The Hamlyn Symposium on Medical Robotics is an annual event that celebrated its 10th edition between 25 and 28 June 2017. This event attracts researchers from around the world who present their work on novel robotic and interventional technologies – including imaging, diagnostics and image-guidance – with a strong focus on clinical translation and clinical studies. It is supported by an international programme committee and robust peer review and selection process. Some of the papers invited for this special issue have been selected from those presented at the symposium, together with some additional papers invited from outstanding researchers. All the papers have undergone the full ABME peer review process.
Novel robotic instruments are presented in several papers; for instance a device 2 mm in diameter with three degrees of freedom is developed using nitinol tubing2. A handheld tool is proposed that can help with procedures such as petroclival meningioma resection, which require microresection to avoid damage to surrounding brain and blood vessels3. This was achieved using deep learning for segmentation of blood vessels from microscopy images and it was shown that the system could help in safe vessel avoidance. Robots for neurosurgery can be used for better placement of needles, catheters, probes, or electrodes, but are often large, bulky and complex. In Li et al.4 a lightweight parallel mechanism that can attach to the skull is designed and prototyped. We also include a review article that provides insight into the latest developments in MRI-compatible robots for needle-based interventions5.
The flexibility of robotic instruments is important for improving dexterity and enabling new applications, and continuum robots that have segments that are capable of continuous bending are emerging using various technologies. One example for potential use in nephrectomy6 is a flexible, robotic, variable-stiffness port that can allow a single-incision approach by improving access over the manual instruments. Concentric tube robots are an alternative continuum approach and in Chikhaoui et al.7 a biocompatible conducting polymer is presented and evaluated. A patient-specific concentric tube robot is also designed from preoperative images through to physical implementation and evaluation8. The concept of soft robotics was investigated for robotic cardiac assist devices that attach to the external surface of the heart, and different interface materials were evaluated in an animal model9.
The interaction between the robot and the operator is a crucial consideration. The issue contains several papers that aim to improve decision support and monitoring of the intervention through improved sensing or imaging. For example, Manbachi et al.10 assess a method for automatic labeling of vertebrae in intraoperative radiographs in the operating room during spine surgery. In Cheng et al.11 a smart venous entry indicator is developed that uses bio-impedance measured at the tip of a peripheral intravenous catheterization device to improve the ability of test subjects to successfully catheterize a baby arm phantom. A method to ensure a safe intraoperative margin between a drill trajectory and the facial nerve using monopolar and bipolar stimulation threshold measurements during robotic cochlea implantations has been validated during a first-in-man trial12. Image guidance may be used to improve targeting accuracy during needle biopsies although it may not account for target or needle displacement, an issue that is addressed by Wartenberg et al.13 An augmented reality system is proposed for computer assisted orthopedic surgery that makes use of a depth sensitive camera for registration purposes, accounting for and avoiding obstacles14. Robotic hand-eye calibration is important when moving towards more autonomous actuation, and an improved algorithm to achieve this is proposed and evaluated based on the adjoint transformation of twist motions15. In a twist on the theme of this section, in Singh et al.16, the effect that manual and robotic suturing tasks have on the prefrontal cortex is assessed with near-infrared spectroscopy. The insight provided by the end-users – surgeons in this case – is a key to successful design of robotic systems and workflows, and it has been shown that recovery time, operation time and cost can all be reduced for minimally invasive reduction of intra-articular fractures17.
One of the recent additions to the Hamlyn Symposium is the Surgical Robot Challenge, an international competition to develop low-cost robot-assisted surgical and diagnostic devices. The emphasis is on creating new concepts for affordable systems especially with potential for applications in the developing world. Four of the papers in this special issue are based on the prize-winning entrants in the competition, namely, ‘Toward Semi-Autonomous Cryoablation of Kidney Tumors via Model-Independent Deformable Tissue Manipulation Technique’18, ‘The i²Snake Robotic Platform for Endoscopic Surgery’19, ‘In-Human Robot-Assisted Retinal Vein Cannulation, a World First’20, and ‘Stormram 4: An MR Safe Robotic System for Breast Biopsy’21.
We hope that these papers will be of interest and value to the ABME community. We thank all of the contributors, reviewers and ABME editorial staff for their efforts in putting this special issue together.
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