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Arguably, neurosurgery is the second oldest profession 
although it only evolved as a distinct field of surgery 

in the 20th century. During the last seven decades, the 
advent of the operating microscope, intraoperative neuro 
monitoring, neurointensive care, neuronavigation, and 
the evolution of minimally invasive and endovascular 
techniques have changed the landscape of neurosurgery. 
This editorial intends to highlight the importance of the 
fourth industrial revolution (Industry 4.0), its components, 
and how they have the prospect of being integrated into 
the practice of medicine, especially neurosurgery.

Industrial Revolutions (IRs) are periods in history 
marked by rapid technological advancements that 
drastically affect the economy and social structure. Since 
the eighteenth century, we have gone through three IRs: 
1. The First IR (1760 - 1830): Transition from hand 

production methods to the use of machines.
2. The Second IR (1870 - 1969): Creation of steel, 

chemicals, and electricity which allowed for mass 
production of consumer goods and military equipment.

3. The Third IR (1970 - 2016): The evolution of digital 
technology along with the production of computers 
and communication technologies. 

Currently, we are living in the Industry 4.0, officially 
introduced by Klaus Schwab in 2016.1 This period builds 

on the digital revolution which is the hallmark of the third 
IR. The Industry 4.0 is characterized by the blurring of 
boundaries between physical, digital, and biological 
worlds that rapidly affects every facet of our lives 
including the way medicine is practiced.

Some technologies associated with this revolution 
are cloud computing, artificial intelligence (AI), 
nanotechnology, the Internet of Things (IoT), 3D printing, 
and virtual reality to name a few. Integration of these 
factors in medicine is rapidly changing the way doctors 
diagnose and treat their patients as well as how the new 
generation of doctors is trained. The Organization for 
Economic Cooperation and Development estimates that 
currently, more than 30% of jobs in health care are at risk 
of automation.2 Hence, it is desirable for all healthcare 
professionals to understand the application of these 
technologies. Components of Industry 4.0 help health 
practitioners diagnose the disease and predict the outcome 
with an incredibly high degree of precision as evidenced 
by the publication of several papers.3 As the revolution 
progresses and these technologies are fully integrated into 
medicine, a modern treatment team would likely consist 
of different members from digital, physical, and biological 
fields instead of just medical staff commonly seen today. 
This will create a large paradigm shift that redefines 
medical practice and education. 

Application in Neurosurgery

AI
Artificial Intelligence is defined as the ability of a 

computer to carry out tasks that require human intelligence 
for execution. With the spread of technology far and 
wide, AI has been able to revolutionize many sectors 
including modern medicine. Potential applications of AI 
in neurosurgery are better accuracy in diagnosis, precision 
in surgical technique (as in robot-assisted surgery), and 
patient monitoring.4

3D Printing
3D printing is a manufacturing process where desired 

3D objects are printed layer by layer with the help of 
specific digital models and devices. 3D printing is used to 
create specific operating tools and equipment depending 
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on the need of the patient. It is also used in the production 
of prosthetic limbs including bionic arms.5 

Nanotechnology
Nanotechnology is a part of science and engineering 

technology that takes place at the nanoscale level (about 
1-100nm).6 For comparison, a single strand of hair has a 
thickness of 60000 nm. It is one of the most promising 
technologies of the 21st century that has been applied in 
imaging techniques, diagnostic tools, drug delivery to the 
nervous system, nanomaterials for neuroprotection, and 
precision during surgery such as in laser-assisted vascular 
anastomoses.7 

Genetic Engineering
Genetic engineering is a process that uses special 

devices to artificially alter the deoxyribonucleic acid (DNA) 
makeup of an organism. Gene therapies have been widely 
tested for the treatment of malignant brain tumors, as the 
technology aids in understanding the genetic functions of 
mutations and tumor progressions. Additionally, genetic 
engineering has also been used in the treatment of spinal 
instability, neurodegenerative and neurogenetic diseases, 
brain and spinal injuries, aneurysms, stroke, and epilepsy.8 

Virtual Reality
Virtual reality (VR) is a simulated 3D environment 

that allows users to explore a surrounding in a way that 
replicates reality. These days, operating microscopes with 
integrated VR have been increasingly used which makes 
the surgery a lot safer and more efficient.9 Neuronavigation 
is also a key component in VR which has been in use 
for quite some time. Another use of VR is in simulating 
complex surgical conditions so that trainees can be better 
prepared before actually operating on the patients. 

Use in Developing Countries

The majority of the neurosurgical centers of high-
income countries have acquired Industry 4.0 technologies. 
Though relatively fewer in number, these technologies 
have also found their way into developing countries 
in recent years. For example, many neuro centers in 
Nepal have the capability of neuronavigation, robot-
assisted surgery, and 3D printing. Some are in the 
process of acquiring microscopes equipped with VR. As 
technologies get more refined and less costly, it will not be 
a distant dream to witness these armamentariums in every 
neurosurgery center in the world. 

Conclusion

With these rapidly evolving scenarios, it is imperative 
that neurosurgeons adapt and continuously adjust to the 
advancements in medical and neurosurgical innovations 
by this fourth revolution.

Welcome to the Fourth Industrial Revolution in 
Neurosurgery!

References

1. The Fourth Industrial Revolution, by Klaus Schwab. 
World Economic Forum. Accessed October 17, 
2022. https://www.weforum.org/about/the-fourth-
industrial-revolution-by-klaus-schwab/

2. Nedelkoska L, Quintini G. Automation, Skills Use 
and Training. OECD; 2018. doi:10.1787/2e2f4eea-
en

3. Zhao K, Zhao Q, Zhou P, Liu B, Zhang Q, Yang M. 
Can Artificial Intelligence Be Applied to Diagnose 
Intracerebral Hemorrhage under the Background of 
the Fourth Industrial Revolution? A Novel Systemic 
Review and Meta-Analysis. Int J Clin Pract. 
2022;2022:e9430097. doi:10.1155/2022/9430097

4. Mofatteh M. Neurosurgery and artificial intelligence. 
AIMS Neurosci. 2021;8(4):477-495. doi:10.3934/
Neuroscience.2021025

5. Chaudhary A, Chopra S, Sinha VD. Role of Three-
dimensional Printing in Neurosurgery: An Institutional 
Experience. Asian J Neurosurg. 2021;16(3):531-538. 
doi:10.4103/ajns.AJNS_475_20

6. What Is Nanotechnology? | National Nanotechnology 
Initiative. Accessed October 17, 2022. https://www.
nano.gov/nanotech-101/what/definition

7. Kumar A, Tan A, Wong J, et al. Nanotechnology 
for Neuroscience: Promising Approaches for 
Diagnostics, Therapeutics and Brain Activity 
Mapping. Adv Funct Mater. 2017;27(39):1700489. 
doi:10.1002/adfm.201700489

8. Chen T, Helm G. Introduction to gene therapy 
in neurological surgery in: Neurosurgical Focus 
Volume 8 Issue 4 (2000) Journals. Accessed October 
17, 2022. https://thejns.org/focus/view/journals/
neurosurg-focus/8/4/foc.2000.8.4.1.xml

9. Vayssiere P, Constanthin PE, Herbelin B, Blanke O, 
Schaller K, Bijlenga P. Application of virtual reality in 
neurosurgery: Patient missing. A systematic review. 
J Clin Neurosci Off J Neurosurg Soc Australas. 
2022;95:55-62. doi:10.1016/j.jocn.2021.11.031


