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Abstract: Mixed reality, a new generation of technology, has attracted much attention in recent years. Technologic
advances have enabled technology to gain increased recognition in medical application, especially in surgery. The
emergence of technology has changed the traditional surgical training mode, providing a highly efficient and cost-
effective training method for trainees. Moreover, technology has the potential to reduce the risk of surgery and
time spent in the operating room. Technology will undoubtedly play a significant role in the future, assist surgeons
in safely and effectively completing more risky operations. The aim of this study was to explore advantages and
disadvantages of the utilization of mixed reality technology in the surgical field.

Keywords: Mixed reality, virtual reality, augmented reality, application, surgery

Background

Surgeons are regularly on the lookout for new
technologies to improve work efficiency. Virtual
reality (VR) and augmented reality (AR) have
been increasingly applied in the field of
medicine, especially in surgery [1-3]. In the two
kinds of reality, VR creates an artificial 3-
dimensional simulated environment, allowing
users to completely immerse themselves in a
simulated world [4, 5]. Due to a lack of realism,
VR cannot be used in real procedures. Clinicians
find it difficult to immerse themselves in the
situation [6, 7]. AR, which generally refers to
the integration of additional information or
graphical elements with the user’s environment
in real time [8], is different from VR. AR
performs the task’s interaction focus in the
real world, rather than in a totally artificial
environment [9]. Most AR solutions rely on
complicated external navigation systems and
cumbersome devices, however, limiting its use
in routine surgical procedures [10, 11].

The solution might lie in an emerging technolo-
gy known as mixed reality (MR) [12], providing
users with an environment to perceive both the
physical environment around them and digital
elements (virtual objects) presented through

displays [13]. This technology gives users the
illusion that digital objects and physical objects
coexist in the same space. Researchers and
surgeons have explored the effects of MR tech-
nology on the surgical field, such as surgical
training, preoperative planning, and intraopera-
tive guidance. Compared with traditional meth-
ods, MR technology has been considered as a
cost-effective and efficient tool in the above-
mentioned fields. The current study will discuss
advantages and disadvantages of the utiliza-
tion of MR technology in the surgical field.
Moreover, future trends of this technology in
the field of surgery are discussed.

Main text
Surgical training

For decades, the only way for junior doctors to
receive surgical training and acquire surgical
skills was under the supervision of a senior sur-
geon in the operating room [14]. The traditional
apprenticeship model of surgical training has
been considered to be expensive and time-con-
suming [15]. With an increasing number of
trainees, the opportunity to acquire the neces-
sary surgical skills has become limited because
of rising costs, reduced working hours, and
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ethical issues [16]. About 10 percent of patients
have been reported to have suffered unneces-
sary surgical complications caused by human
error [17-19]. Consequently, it is essential for
surgeons to explore highly effective teaching
and training approaches, aiming to increase
success rates and decrease surgical risks.

Numerous surgical training methods are com-
mercially available, including video games, ani-
mal models, cadavers, and simulation-based
models [20]. Several studies have argued that
video games can be used to enhance surgical
competence in surgical trainees, as it improves
spatial relationships and visual attentional
capacity and enables visual multitasking [21-
23]. However, studies have shown that,
although video gaming improves basic surgical
skills, it is unable to influence more complex
surgical skills [23, 24]. Animal models play an
essential role in surgical training, education,
and research [25]. However, living animal
models have many limitations, such as ethical
responsibilities, financial obligation, and absen-
ce of faculty [26]. Training surgical skills on a
cadaver, although providing the greatest ana-
tomical realism, has become more expensive
and more tightly regulated due to difficulties in
obtaining cadavers and ethical issues [27-29].

Recently, given concerns about financial con-
straints, quality control, and patient safety,
surgical training has quickly converted to the
use simulation to train residents. This allows
them to acquire and update surgical skills [30,
31]. Simulation harbors the potential to
enhance experiential learning, ensure patient
safety, and reproduce scenarios that are rarely
seen [15]. At present, MR surgical simulators
are an integral part of physician training, as
they provide risk-free training [13]. Using MR
surgical simulators, novice surgeons can view
and experience complex surgeries without
stepping into the operating room. Furthermore,
through real-time visual augmentation (3D
visualization) in the MR simulator, participant
confidence in performing unfamiliar techniques
is improved, especially for unfamiliar tech-
niques [32]. Hooten et al. introduced a novel
mixed physical and virtual simulator, providing
a real-life experience to mimic the ventriculos-
tomy procedure. Results showed that most
residents thought it was helpful to practice
ventriculostomies in the simulator. Mixed reali-
ty simulators can provide real-life experiences
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and may become an essential tool in training
the next generation of neurosurgeons [33].

Consequently, MR technology can be used to
complement existing simulations, creating a
realistic and reproducible surgical training
platform for trainees [34]. Surgical residents,
with MR simulations, can receive accredited
training. Existing surgeons will be able to
update and refresh their surgical knowledge
and skKills.

Preoperative planning

In an age where operative time is valuable and
ethical considerations play an essential role,
surgeons are less likely to develop surgical
skills during surgery [35, 36]. Therefore,
preoperative planning is an indispensable part
of any successful surgical procedure [37].
Preoperative planning is a complex task,
requiring high levels of perception, cognitive,
and sensorimotor skills to reduce surgical
complications [38]. For complex surgeries,
detailed preoperative planning can predict and
reduce risks that may occur in the operation,
thereby increasing safety. Traditional surgical
planning depends on preoperative radiographic
images, which are essential in understanding
the anatomy of the patient, identifying appro-
priate treatment options, and preparing a surgi-
cal plan. However, the variability and magnifica-
tion of image quality may affect the accuracy of
preoperative estimations [39]. With the rapid
development of computer imaging technology,
digital imaging systems have made great prog-
ress in the quality of images, as well as cost
and time issues. Thus, it has gradually replaced
conventional radiography [40]. However, for
complex surgeries, standard radiographs do
not meet the surgeon’s full understanding of
complex anatomical structures. With the devel-
opment of three dimensional reconstruction
and rapid prototyping technology, surgeons can
perform preoperative planning and procedure
rehearsals on a 3D model of precise sizes and
shapes before surgery [41]. What should be
carefully examined is the time required and the
price to manufacture rapid prototyping models
[37]. Although the 3D physical model is more
natural and tangible, it has no interactive
capability [42].

With the application of MR technology in the
field of surgery, surgeons can produce a virtual
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3D anatomical structure model of the patient
and perform surgical exercises on virtual mod-
els. This provides a more intuitive and profound
understanding of the patient’s anatomy before
surgery. Surgeons can use this technique to
perform preoperative simulations, determining
the optimal surgical procedure. Moreover, pre-
operative surgical planning using MR technolo-
gy can provide more realistic predictions for
surgical results [3]. Fushima and Kobayashi
introduced a mixed reality-based system that
synchronized the motion of the dental cast
model in the real world and a 3D patient model
in the virtual world [43]. In the preoperative
plan, the operator can simulate a jaw osteoto-
my on the PC monitor, then determine the
position of the final jaws after several attempts.
Based on the measurement data of actual
lower dental cast, the measurement error of
the whole simulation system is less than 0.32
mm, indicating that its accuracy is sufficient to
meet clinical needs.

Good communication between doctors and
patients is also an important component of
medicine practice. In the course of medical
service, the most important factor of medical
disputes is the lack of communication between
patients with doctors. One reason for the lack
of communication is the asymmetry of informa-
tion between doctors and patients. Especially
for complex surgeries, it is difficult for patients
and their families to have an intuitive under-
standing of the procedures through traditional
preoperative talking. MR devices are enabling
technologies which can promote effective com-
munication between those with information
and knowledge (clinicians) and those seeking
understanding and insight (patients) [44]. In
preoperative conversation, using MR tech-
niques to simulate the operation, patients and
their families will have a more intuitive under-
standing of the operation process.

Preoperative planning and simulations have
been an imperative part of surgery in many
health centers [45]. MR simulations may
become the most important and effective
preoperative planning method in the future.

Intraoperative guidance

During an operation, the surgeon is required to
have a precise understanding of the position
and direction of the surgical instrument. The
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traditional surgical navigation system is used to
track tools and patients. It can help surgeons
with their mental alignment and localization
[11]. Although the accuracy of modern naviga-
tion is high [46, 47], they cannot reduce opera-
tion room times and require complex preopera-
tive calibration and occupancy of valuable
space [48, 49]. MR technology can present an
advanced form of image guidance, enabling
surgeons to see anatomical structures and sur-
gical instruments from the patient’s surface.
The visualization of MR allows doctors to inter-
pret diagnostic, planning, and instructional
information at the site [50].

For instance, orthopedic surgery is technically
challenging, due to the complexity of the ana-
tomical structure and the complicated proce-
dure. It takes a lot of effort and time to place
screws without a little deviation in a percutane-
ous pelvis fixation procedure. These will inevita-
bly lead to relatively long operation times and
high radiation exposure for patients and
surgeons. Lee et al. introduced a MR support
system that incorporated multi-modal data
fusion and model-based surgical tool tracking,
aiming to provide orthopedic surgeons intuitive
understanding of surgical sites and to help
them quickly and accurately insert screws [11].
They combined a MR visualization with an
advanced tracking technique to demonstrate
the patient’'s anatomy, surgical plans, and
objects within the surgical site in real time.
Studies have shown that the visualized system
reduces radiation doses by 63.9% and reduces
surgical times by 59.1% [51]. Moreover, MR
technology was applied to a complex visceral
surgery by Sauer et al. [52]. Using the MR head-
mount display, the surgeon could see a
3D-model of the patient’s relevant liver struc-
tures above the surgical site, improving the
surgeon’s action and perception.

In addition, MR technology had also been
applied in orthognathic surgery [43], neurosur-
gical procedures [53], and urinary surgery [8],
shortening operation times, reducing exposure
to radiation, and improving efficiency [11].

Advantages and disadvantages

The emergence of MR technology brings many
new possibilities to the surgical field. MR, which
merges numerous virtual reality and augment-
ed realty features, has great potential to ame-
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liorate inconveniences encountered during
surgery. It can shorten the learning curve,
reduce risks for patients, and achieve better
surgical outcomes [50]. The main advantages
of MR in the field of surgery are as follows:

e MR simulator has the ability to reduce
learning curves and ease trainee transition to
actual patients [13].

e MR technology can actually improve the
efficiency of the surgeon.

e MR technology is able to lower risks for
patients and achieve better surgical outcomes
[50].

Although MR technology introduces many new
possibilities for surgery, there are certain
limitations. The latency of the system is one of
the concerns. Too much delay can reduce the
accuracy of the operation and reduce the
comfort of the surgeon [54]. The currently used
head-mounted displays of MR usually weigh
hundreds of grams. Thus, wearing it comfort-
ably for a long time is a problem. However, with
the development of network technology and
multimedia, these problems will be gradually
solved.

Prospects for MR technology

Besides the abovementioned fields, MR tech-
nology has great potential for use in tele-
medicine.

At present, due to a lack of healthcare provid-
ers, many remote rural areas still lack health
care services. An economically efficient solu-
tion to the shortage of healthcare providers in
rural areas is telemedicine, which uses infor-
mation technology to provide health care at
different distances [55]. Telemedicine, which
uses the telecommunication technology to
provide long-distance medical services, has
become an innovative tool in the field of surgery
[56]. It can increase patient satisfaction, while
reducing mismanagement and unnecessary
patient transfer, waiting times, and costs
associated with patients and providers [55, 57,
58].

In 2001, Marescaux, in New York, performed
the first case of telesurgery on a French patient
[59]. The limitation of the traditional remote
robot-assisted telesurgery is the cost of the
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robotic machine, approximately $1 million.
Moreover, another important problem with
remote surgery is the lack of face-to-face
contact between the patient and surgeon [59].
MR technology, which is more cost-effective, is
expected to break the limitation of time and
space, bringing remote experts into the local
operating room. On January 10, 2018, Ye et al.
successfully carried out the world’s first remote
consultation operation in the world using MR
technology. In terms of effectiveness, preci-
sion, and safety, MR technology, in the opinion
of Professor Ye, has incomparable advantages.
These advantages will be highlighted especially
in emergencies and critically ill patients.

Latency has been considered to be one of the
major defects in current telemedicine [60, 61].
The latency of more than 105 ms may affect
surgical performance and the user experience
[62]. The 5G network will be fully deployed in
2020, with many advantages, such as higher
mobility support, massive connectivity, and
reduced latency [63, 64]. Emergence of the 5G
network will be a good solution for latency of
the MR technology in telemedicine, bringing
the real-time transmission of data. In addition,
considering the cost effectiveness of MR tech-
nology, it has broad prospects in the field of
telemedicine.

Conclusion

MR has been progressively used in the surgical
field. Emergence of MR technology has changed
the traditional surgical training mode, providing
a highly efficient and cost-effective training
method for trainees. Moreover, MR technology
has the potential to reduce risks of surgery and
time spent in the operating room, through its
use in preoperative planning and intraoperative
guidance. MR technology will play a significant
increasing role in the future, assisting surgeons
in safely and effectively completing more risky
operations. Moreover, with the advent of 5G
network, application of MR technology will
provide higher quality prompt medical services
for people in remote areas.
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