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Introduction 

Technological progress holds a substantial amount of weight over the trajectory of human 

life. The reach and influence of these advancements are beyond extensive and have been 

fundamental to creating the world as it is today. Nearly all sectors of society are directly 

impacted by technology. Spatial computing, for example, has already made strides within 

numerous fields such as the entertainment and automotive industries. It is the next step in the 

development of digital interfaces and will likely lead to unparalleled progress within various 

fields of expertise including the medical field. Thus, the purpose of this research paper is to 

evaluate the impact of spatial computing within healthcare and its overall effectiveness as a tool. 

Background 

The purpose of this spatial computing is to allow virtual objects to be incorporated into 

one’s environment with respect to surroundings. In the automotive industry, this technology may 

come in the form of advanced GPS systems or autonomous vehicle systems. In the realm of 

entertainment, spatial computing may present itself in the form of virtual reality. Virtual reality 

itself can be utilized for a multitude of purposes, however, and is by no means limited to the 

entertainment industry alone. In the field of health, spatial computing is represented in various 

forms of extended reality. Extended reality, or XT, encompasses the entirety of virtual reality, 

augmented reality, and mixed reality (Taghian et al., 2023). It should be noted that there are 

differences between these forms of reality. VR utilizes optical systems and monitors to 

effectively capture the user within an entirely virtual world. Augmented reality, or AR, on the 

other hand, is an interactive system with an environment that uses optical systems to generate 

information corresponding to the user’s surroundings. Mixed reality, otherwise known as MR, is 

a mixture of the two AR and VR systems (Vardhan, 2023). These spatial computing systems, 
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when applied correctly, allow one to gather a better understanding of their environment and 

provide the user with an alternative perspective. In relation to healthcare, XR allows users to 

improve overall performance when encountering a situation that would normally have severe 

physical risks whether in procedures or in training. This immersive medicine has great 

implications for surgical operations, medical training, and even rehabilitation. In India alone, the 

AR market is expected to expand at a rate of 38.29% by 2027 (Vardhan, 2023). Spatial 

technology, unfortunately, does not come without challenges or limitations.  

Current Use 

Spatial computing is already playing a role within healthcare and is currently being 

applied to various procedures and diagnostic tools. It has become abundantly clear that XR has 

the capacity to act as a tool in both the treatment or diagnosis of a patient regardless of whether 

the treatment in question targets physiological or physical forms. For instance, AR has been used 

to assist with a number of different surgical procedures as it allows information to be readily 

accessible in a holographic manner. In neurosurgery, according to Taghian et al., XR has proven 

to be “beneficial in pre-operative planning as well as multimodal neuronavigation” (2023). 

Remarkably, AR can be used to identify key elements of the body such as blood vessels and 

nerves, further reducing potential risk in surgery as the user is more accurately able to determine 

proper placements (Brockmeyer et al., 2023). It is worth noting that surgical developments, in 

correspondence to the implementation of XT, have been primarily in spinal and orthopedic 

surgery. AR assists in processes such as spinal surgery, pedicle screw placements, bone biopsies, 

osteotomy planning, and even targeted cervical foraminotomy.  

AR Surgical Navigation, otherwise known as ARSN, has been recorded to have an 

average of nearly 85% in terms of precision in comparison to 64% shown in free-hand 
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positioning (Taghian et al., 2023). In an evaluation of AR’s accuracy, 20 operations were 

performed in which an orthopedic spine surgeon used an ARSN device to insert 253 pedicle 

screws without the use of fluoroscopy. The study found that ARSN without fluoroscopy was 

significantly better for thoracic pedicle screw placement as no screws were wrongfully placed 

and the total accuracy was 94.1% (Taghian et al., 2023). Furthermore, A France-based medical 

company, Pixee Medical, has made critical progress in conducting the first FDA-approved knee 

surgery guided by AR (Vardhan, 2023). Such a surgery marks a significant milestone in regards 

to the role of spatial computing within healthcare. Additionally, both VR and AR are being used 

in exposure therapy procedures in order to treat disorders such as anxiety, OCD, depression, 

phobias, addiction, psychosis, and even post-traumatic stress complications. These technologies 

are better known as VRET and ARET (Vardhan, 2023). ). AR and VR are also finding uses 

within medical training and education allowing individuals to learn with greater efficiency and 

ease. The AR in Surgery and Education program (ARiSE), for example, uses holograms in order 

to increase interactivity within the learning individuals. The software utilizes voice commands in 

conjunction with UI buttons and has numerous applications within health based education 

(Taghian et al., 2023). 

  While all of these practices continue to revolutionize the medical field, limitations persist 

that unfortunately hinder the efficiency of spatial computing on a more extensive scale. Extended 

use of XT, for instance, may result in headaches, discomfort, and even vertigo. Thus, while the 

patient is being cared for with greater accuracy, the medical professionals themselves may be at a 

disadvantage. There are also challenges with the physical spatial environments themselves as 

users will have a wide range of environments that differ in terms of purpose and dimension. 

These differences in designing virtual experiences are rather challenging as the experience must 
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adapt to each user’s physical surroundings (Keshavarzi, 2022). Finally, it should be taken into 

account that “surgery professionals value tactile touch, but current VR systems cannot accurately 

imitate it” according to Taghian et al. (2023). Such sentiments only prove spatial technology has 

a long way to go, however, the future remains promising.  

Future Use 

It is undeniable that spatial computing within the medical field has great prospects and 

will most likely vastly improve in terms of effectiveness. New applications of XT are being 

devised in order to improve other procedures outside of spinal surgery and rehabilitation. Spatial 

computing is often used as a means of therapeutic treatment within the medical field, however, 

numerous methods of implementing it on a higher level of complexity are currently being 

researched. It is hoped that such spatial technologies will one day aid in the treatment of cancer 

more directly. Current Medical Augmented Reality Systems, or MARS, are simply the 

foundations of the future of medical treatment. Eventually, these spatial systems will be even 

better equipped to handle difficult healthcare environments. Research is going into figuring out 

how these spatial systems can be more adaptive and context-aware going forward (Navab et al., 

2023). XR will continue to advance within surgical processes and assist with treatments and 

mapping on a greater scale. Though, it should be noted that in order for this to occur the imposed 

security and legality issues of such a technology need to be sorted and properly dealt with. 

Security and Legal Concerns 

Spatial computing, in order to operate effectively, requires a substantial amount of data 

and information regarding the user’s state. When considered in a medical context, the need for 

such data only increases as patients must be properly cared for. The collection of this data, and 
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the method in which it is to be handled, raises concerns regarding privacy. In order to keep one’s 

personal information safe, it is imperative that the challenges within spatial computing are 

addressed. Thus, data must be adequately encrypted, authentic content generation should be 

ensured, and the potential for social engineering should be mitigated (Vardhan, 2023). If proper 

security is to be ignored within the implementation of spatial computing, then the safety of 

individuals is put at risk. Severe harm could arise as a result of the failure to provide an adequate 

level of security. If information was to be misused or misplaced, there would be grave 

consequences on both personal and societal levels. It should be taken into account that personal 

data in this context would no longer simply include basic credentials. Personal data would be far 

more than credit card numbers, purchase histories, or social media presence. Instead, personal 

data would include specific feelings, judgments, behaviors, and even physical appearance 

(Morvan et al., 2020). XR will undoubtedly attract individuals who look to gain off 

vulnerabilities. Morvan et al. state that “the more we rely on XR technologies to perform critical 

day-to-day tasks, the more vulnerable we become to malicious actors” (2020). Meaning, if 

spatial computing is to live up to its expectations for the future, then privacy and data must be a 

priority. Otherwise, the systems would violate standards and confidential information would be 

at risk thus creating a situation in which disadvantages outweigh the potential advantages of 

spatial computing.  

Ethical and Social Concerns 

Unfortunately, there are several ethical concerns that arise when taking spatial computing 

into consideration. While high-performance mobile computing is becoming more and more 

readily available and VR systems have become more cost-effective, spatial computing systems 

are still restricted in terms of availability. Furthermore, additional costs must be accounted for in 
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terms of other hardware and software requirements. One might even require special accessories 

or high-resolution displays (Vardhan, 2023). Not everyone has the means to buy such items or 

take part in such activities. The following is true, especially in underdeveloped areas of the 

world. Additionally, social isolation is another issue that may arise and is closely related to the 

concerns of effects seen in digital learning (Taghian et al., 2023). Though, in the professional 

medical field social isolation is not likely a big concern as spatial technologies will be used only 

when necessary. If unsupervised, however, a patient who is using XR for recovery may be 

susceptible to this issue as they may not be held to the same workplace standard and are using 

spatial technology for treatment rather than operations. Overdependence on these technologies 

could be significantly harmful to one’s mental state and well-being. Extended exposure to virtual 

environments may be harmful in the way that it misconstrues an individual’s perspective 

drastically. While quite useful in handling everyday tasks, even outside of the medical field, 

virtual worlds often omit small details such as flaws a natural environment would have. This may 

result in conditions such as depersonalization or derealization disorder as well as dissociative 

identity disorder (Morvan et al., 2020). 

Conclusion 

The potential of spatial computing is vast and promising. As stated prior, it has been 

established and implemented in numerous fields and industries. Spatial computing can 

accommodate complex and intricate tasks, as well as mundane day-to-day tasks. For example, 

VR and AR provide efficiency in handling email, creating schedules, and sharing videos as well 

as other content from the internet. These features can be helpful in managing oneself, however, 

in the context of the medical field, these features are simply not up to standard. When 

considering MAR, or medical augmented reality, it should be noted that spatial computing needs 
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to be held to much higher expectations. The same is held true for all versions of spatial 

computing within healthcare. In fact, many of the features listed above may need to be blocked 

for patient safety and to fulfill certain professional standards (Navab et al., 2023). Ultimately, 

potential lives are put at stake when bringing spatial computing into the medical field, which 

suggests that if spatial computing is to persist then adversities must be addressed promptly and 

effectively. Only then will spatial technology achieve its maximum potential.  
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