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Editorial on the Research Topic
Advanced technological applications in neurosurgery



The development of new technology changes several ways in our daily life, and improves the precision and quality of medicine, as well as in the field of neurosurgery. The application of robotic system in neurosurgery is one of example, which has been shown to improve surgical precision, particularly in complex procedures, such as intracranial biopsies and the placement of spinal instrumentation and intracranial leads (1). Not only improved the clinical outcomes, the advance to technology could cease the obstacle of residents training. Exoscopes have also been developed to assist surgeons by identifying anatomical structures that lie outside the surgical field (Calloni et al.). The goal of this research topic would focus on different technological applications on from brain to spine, and understanding how the impacts on the filed of neurosurgery.

Recent advances in methodologies can be seen in collateral circulation (extracranial and intracranial), which has been shown to improve the prognosis of patients undergoing the neurosurgical procedures. Surgical revascularization plays an key role in the treatment of ischemic cerebrovascular disease (2), and recent indirect methods are proving simpler and less risky than direct anastomosis in terms of bypass vessels occlusion and overperfusion (3, 4). One recent example of indirect revascularization is the encephalo-duro-arterio-synangiosis method developed by Nuerlanbieke et al. for patients with hemodynamic disorders resistant to conventional medical treatment. The establishment of extracranial and extracranial collateral circulation was observed circulation in the operation area and improve the prognosis of patients.

The enhancement of instrumentation improves the surgical outcomes. For the intracranial lesion, focused ultrasound (FUS) could modulate transiently the permeability of the blood-brain barrier. The bioavailability of therapeutic agents is site-specifically augmented only in the zone where the FUS energy is targeted (5). The targeted and reversible blood-brain barrier opening break the mold of therapeutic applications in managing central nervous system disorders (6). Researchers have also combined a frameless FUS system with advanced neuronavigation systems for the treatment of patients with recurrent glioblastoma (7). On the other hand, surgical microscopes have greatly enhanced the precision of spinal surgery (8) leading to notable improvements in clinical outcomes (9, 10). To improve the localization during surgery, Diepers et al. designed the patient-mounted Cube Navigation System, which could improve accuracy of guiding needle placement for complex access routes in lumbar pain therapy. The Cube Navigation System has the potential to improve needle guidance for complex access routes, especially considering the ease of use of the device. The CT-guided navigation system was not only used on the cranial or spinal surgery, but the CT-guided thoracic sympathetic nerve block and radiofrequency was also proved an effective treatment for the patients with the primary palmar hyperhidrosis (Zhang et al.).

Further advanced technology focused not only improvement of clinical outcome, but recovery neurological deficits via rehabilitation with training by the exoskeleton (11, 12). Nonetheless, there is a gap in our knowledge of biophysiological functions and their effects on functional performance (13, 14). The analysis of neuro-signals help us realize a non-linear relationship between the cortical signal and the motor output for some, but importantly not all, movement types (13). In the other study, the role of motor inhibition was observed in both inferior frontal gyri, with age-related lateralization to the right side, which was proved in the previous functional magnetic resonance imaging studies. The evidence correlation of age and response inhibition was observed directly by the evidence of cortical recordings (14). The quantitative measurements of cortical signals would improve our understandings the relationship between neural outputs and physiological behaviors. The analysis provides insight into the tuning of motor cortex toward specific types of motor behaviors, and further application on the brain-computer interface.

Cancer neuroscience is an emerging research field which represents the relationship between the nervous system and cancer, from the initiation, progression, and therapeutic-induced reaction (15). Not only primary malignant brain tumors, such as gliomas, but also brain metastases have been linked to the glutamatergic-contributed tumor growth (16–18). The impact of glutamatergic neurotransmitter activity on tumor behavior is only part of the story, the complex interaction between neurons and brain tumor cells has been inferred as “neuron-to brain tumor synaptic communication” (19). The crosstalk between neuron-glioma cells and the organization of glioma functional networks are now being recognized as highly relevant for tumor growth, invasiveness, and resilience to chemo-radiotherapies (16, 17, 20, 21). To think a step further, potential strategies for therapeutic disconnection of the resilience networks have been proposed (19, 22). Other potential targets including inhibition of malignant synaptogenesis, exploitation of synaptic connectivity, or inhibition of neuronal hyper-excitability, are being actively studied (22). To this end, the complex tumor microenvironment is becoming more sophisticate yet with more therapeutic potential since new mechanisms of tumor resistance are discovered.

The advances in science and technology have driven the development of precision medicine, bringing medicine to a new level in diagnosis and treatment. In neurosurgery, more studies including interdisciplinary collaborations in biomedical engineering, which combine the strengths of medicine and engineering would lead the development of neuroscience and neurosurgery to a new era.


Author contributions

C-HK: Supervision, Writing – original draft, Writing – review & editing. T-HT: Conceptualization, Writing – review & editing. K-TC: Writing – review & editing.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Khanna O, Beasley R, Franco D, DiMaio S. The path to surgical robotics in neurosurgery. Oper Neurosurg. (2021) 20(6):514–20. doi: 10.1093/ons/opab065

2. Ishii Y, Tanaka Y, Momose T, Yamashina M, Sato A, Wakabayashi S, et al. Chronologic evaluation of cerebral hemodynamics by dynamic susceptibility contrast magnetic resonance imaging after indirect bypass surgery for moyamoya disease. World Neurosurg. (2017) 108:427–35. doi: 10.1016/j.wneu.2017.09.001

3. EC/IC Bypass Study Group. Failure of extracranial-intracranial arterial bypass to reduce the risk of ischemic stroke. Results of an international randomized trial. N Engl J Med. (1985) 313(19):1191–200. doi: 10.1056/NEJM198511073131904

4. Powers WJ, Clarke WR, Grubb RL, Videen TO, Adams HP, Derdeyn CP, et al. Extracranial-Intracranial bypass surgery for stroke prevention in hemodynamic cerebral ischemia: the carotid occlusion surgery study randomized trial. J Am Med Assoc. (2011) 306(18):1983–92. doi: 10.1001/jama.2011.1610

5. Chen K-T, Wei K-C, Liu H-L. Theranostic strategy of focused ultrasound induced blood-brain barrier opening for CNS disease treatment. Front Pharmacol. (2019) 10. doi: 10.3389/fphar.2019.00086

6. Chen KT, Wei KC, Liu HL. Focused ultrasound combined with microbubbles in central nervous system applications. Pharmaceutics. (2021) 13(7). doi: 10.3390/pharmaceutics13071084

7. Chen K-T, Chai W-Y, Lin Y-J, Lin C-J, Chen P-Y, Tsai H-C, et al. Neuronavigation-guided focused ultrasound for transcranial blood-brain barrier opening and immunostimulation in brain tumors. Sci Adv. (2021) 7(6):eabd0772. doi: 10.3389/fphar.2019.00086

8. Tu TH, Wu JC, Huang WC, Wu CL, Ko CC, Cheng H. The effects of carpentry on heterotopic ossification and mobility in cervical arthroplasty: determination by computed tomography with a minimum 2-year follow-up: clinical article. J Neurosurg Spine. (2012) 16(6):601–9. doi: 10.3171/2012.3.SPINE11436

9. Kuo CH, Kuo YH, Wu JC, Chang HK, Ko CC, Tu TH, et al. Anterior bone loss in cervical disc arthroplasty correlates with increased cervical lordosis. World Neurosurg. (2022) 163:e310–6. doi: 10.1016/j.wneu.2022.03.139

10. Tu TH, Lee CY, Kuo CH, Wu JC, Chang HK, Fay LY, et al. Cervical disc arthroplasty for less-mobile discs. J Neurosurg Spine. (2019) 31(3):310–6. doi: 10.3171/2019.2.SPINE181472

11. Kuo C-H, Chen J-W, Yang Y, Lan Y-H, Lu S-W, Wang C-F, et al. A differentiable dynamic model for musculoskeletal simulation and exoskeleton control. Biosensors. (2022) 12(5):312. doi: 10.3390/bios12050312

12. Yang S-H, Koh C-L, Hsu C-H, Chen P-C, Chen J-W, Lan Y-H, et al. An instrumented glove-controlled portable hand-exoskeleton for bilateral hand rehabilitation. Biosensors. (2021) 11(12):495. doi: 10.3390/bios11120495

13. Kuo C-H, Blakely TM, Wander JD, Sarma D, Wu J, Casimo K, et al. Context-dependent relationship in high-resolution micro-ECoG studies during finger movements. J Neurosurg. (2020) 132(5):1358–66. doi: 10.3171/2019.1.JNS181840

14. Kuo C-H, Casimo K, Wu J, Collins K, Rice P, Chen B-W, et al. Electrocorticography to investigate age-related brain lateralization on pediatric motor inhibition. Front Neurol. (2022) 13. doi: 10.3171/2019.1.Jns181840

15. Monje M, Borniger JC, D’Silva NJ, Deneen B, Dirks PB, Fattahi F, et al. Roadmap for the emerging field of cancer neuroscience. Cell. (2020) 181(2):219–22. doi: 10.1016/j.cell.2020.03.034

16. Venkataramani V, Tanev DI, Strahle C, Studier-Fischer A, Fankhauser L, Kessler T, et al. Glutamatergic synaptic input to glioma cells drives brain tumour progression. Nature. (2019) 573(7775):532–8. doi: 10.1038/s41586-019-1564-x

17. Venkatesh HS, Morishita W, Geraghty AC, Silverbush D, Gillespie SM, Arzt M, et al. Electrical and synaptic integration of glioma into neural circuits. Nature. (2019) 573(7775):539–45. doi: 10.1038/s41586-019-1563-y

18. Zeng Q, Michael IP, Zhang P, Saghafinia S, Knott G, Jiao W, et al. Synaptic proximity enables NMDAR signalling to promote brain metastasis. Nature. (2019) 573(7775):526–31. doi: 10.1038/s41586-019-1576-6

19. Venkataramani V, Tanev DI, Kuner T, Wick W, Winkler F. Synaptic input to brain tumors: clinical implications. Neuro Oncol. (2021) 23(1):23–33. doi: 10.1093/neuonc/noaa158

20. Osswald M, Jung E, Sahm F, Solecki G, Venkataramani V, Blaes J, et al. Brain tumour cells interconnect to a functional and resistant network. Nature. (2015) 528(7580):93–8. doi: 10.1038/nature16071

21. Venkatesh HS, Tam LT, Woo PJ, Lennon J, Nagaraja S, Gillespie SM, et al. Targeting neuronal activity-regulated neuroligin-3 dependency in high-grade glioma. Nature. (2017) 549(7673):533–7. doi: 10.1038/nature24014

22. Venkataramani V, Schneider M, Giordano FA, Kuner T, Wick W, Herrlinger U, et al. Disconnecting multicellular networks in brain tumours. Nat Rev Cancer. (2022) 22(8):481–91. doi: 10.1038/s41568-022-00475-0







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Advanced technological applications in neurosurgery

		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Surgery






OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





