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Today, a small number of full-fledged multifunctional CT systems are used for planning
intraoperative intervention using mixed reality, for example, in cardiovascular surgery and urology,
especially in Oncology. Surgeons today need a wide field of view to operate. Currently, the use of
technologies like the DaVinci robot surgeon is constrained by the bulkiness of software and
hardware solutions, the lack of trained specialists, and the high cost of equipment. There is no
technology for navigating the course of the operation, with a layer of mixed reality being applied to
the patient during the operation, so that the surgeon can use it to track the position of the organ,
organ systems, and surgical instruments in real-time. The developed software prototype allows you
to create three-dimensional models of internal organs based on computer and magnetic resonance
imaging images with the possibility of simulating surgical intervention. Augmented reality glasses
are also used to practice the skills of operations on a virtual patient using phantom dummies,
linking surgical instruments to holography, as well as fully combining the simulation of the
preoperative period with a real patient in real-time.

This is an open-access article distributed under the terms of the Creative Commons Attribution-
Non Commercial-Share Alike 4.0 License, which allows others to remix, tweak, and build upon the
work non commercially, as long as the author is credited and the new creations are licensed under
the identical terms.
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Introduction

Augmented Reality (AR) is a powerful tool in the medical field, where it allows offering more patient information to the
physician by including relevant clinical data in the sight between him and the patient. This medical information can be
obtained from imaging studies of the patient with the usage of computed tomography (CT), magnetic resonance (MR),
positron emission tomography (PET), which can be displayed overlaid on the physical world, enabling user interaction and
manipulation [1-4].
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Patients with complex pathology are prescribed examinations based on digital technologies for diagnosis. To date, these
methods of examination include computer tomography and magnetic resonance imaging [5-7].
Modern software for processing images obtained during CT and MRI is supplied with these devices. The functions of these
programs are sometimes not enough to perform more complex work with the obtained data, including differentiation of
tumors in various diseases [8-10]. The creation of 3D models of organs on these programs is quite successful, but it requires
a little more time and additional resources [11-13]. Also, the software used is not able to create 3D models of the internal
structure of organs if the images were obtained without the use of contrast agents [14-17]. Also, there are a very limited
number of programs (Amira for Life Sciences - Germany, UNIM - Russia) for viewing, describing, and reconstructing
DICOM images obtained from CT, MRI, for diagnostics and treatment planning using neural networks. One such software is
Myrian (Intrasense (France) - a multi-modal solution for viewing and post-processing medical images. Myrian includes
easy-to-use but powerful specialized packages for colonoscopy, liver, lungs, blood vessels, orthopedics, and others.
Alternative software (3DimViewer, RadiantDICOM, etc.) either does not have the necessary functionality, or is too difficult
to use in medical institutions — they do not have a single modular complex that can perform recognition, differentiation of
tumors, viewing reconstructed 3D models on surgical monitors, an intuitive and intuitive interface, and there is no possibility
of using augmented reality glasses for doctors of various specialties [18-20]. Andrén et al. (2006) showed that three-
dimensional reconstruction of the pancreas with semi-automatic segmentation can be created in a similar way to liver
imaging [21]. There is also an analog of the HoloLens glasses surgical procedure (Scopis, Germany) developed for spinal
surgery [22-24]. During surgery, the holographic navigation platform projects elements of mixed reality onto the patient
through HoloLens glasses. The new technology will allow surgeons to correctly install elements, in particular, for
transpedicular fixation of the spine. The essence of transpedicular fixation is that a titanium screw is inserted into the
vertebra; this method is used in the treatment of complex injuries [25, 26]. Also, the use of HoloLens will help to reduce the
time of operations, as well as reduce radiation exposure during X-rays of the spine [23, 27, 28].
An analog for processing CT and MRI data is the Vitrea2 workstation (hardware and software complex). Unlike the Amira
complex, the Vitrea 2 complex costs more, due to the delivery of tomographs in the complete package. The Vitrea2
workstation provides improved 2D, 3D, and 4D visualization and analysis of medical images during the daily routine work
of the radiologist. The development of Vitrea2 software, which is fully focused on clinical needs, allows you to get a fast,
intuitive clinical tool. Vitrea 2 includes a graphical interface and built-in automation of the clinical process, giving the user
the ability to prepare a patient report in minutes. The processing speed of the Vitrea 2 software allows clinicians to control
3D volume in an interactive mode and perform virtual viewing inside and outside of anatomical areas of interest in real-time
[29-31].
Free software (3DimViewer, RadiantDICOM, etc.) either does not have the necessary functionality, or is too difficult to use
in medical institutions - they do not have a single modular complex that can perform recognition, differentiation of tumors,
viewing reconstructed 3D models on surgical monitors, an intuitive and intuitive interface, and there is no possibility of
using augmented reality glasses for doctors of various specialties. However, we previously developed the HoloWiver
module, which allows you to view medical data in HoloLens glasses [32-34].
As a result of our research, a relatively small amount of research was revealed by scientists on the topic of planning and
navigating the course of surgery in real-time, using combined CT and ultrasound systems, and using avatar technologies in
telemedicine using mixed reality technologies [35-37]. Analysis of the literature allowed us to identify the main
shortcomings in this direction:
1. Lack of information about the use of AR technology and holographic augmented reality glasses to combine simulation

and reconstruction on a real patient in real-time;
2. Lack of programs on the Russian market that allow you to plan and track treatment results based on objective

indicators, including using augmented reality glasses.

The solution to these problems is associated with the creation of a new type of simulator and a system for planning and
navigating surgical interventions. The purpose of this work was to test in practice the methodology developed by us for
planning and performing surgical interventions on the skeleton with the assisted technology of additional reality.

Materials and Methods

The method developed by us relates to medical equipment and software, namely, to the means of preparing and performing a
surgical operation using augmented reality glasses as an assistant to figsurgeons [32, 35, 38, 39]. The method includes the
stages of planning the surgical intervention, introducing and obtaining the necessary data during the surgical intervention.
Our proposed method allows you to perform preoperative planning using original software and additional reality glasses
(additional reality complex). During the operation, the additional reality complex assists, providing access to data from
additional methods of examination of the patient and performing "overlay" on the operating field in additional reality glasses
of normal anatomy or previously performed MRI or CT data.

The method includes the stages of planning, surgery, surgical navigation in real-time using augmented reality, and at the
stage of planning surgery, the patient undergoes a computer tomography or magnetic resonance and form-based DICOM
files, 3-4 separate three-dimensional models (directly to the bone, her blood vessels, ligaments, pins, etc.) on the computer in
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the program. The resulting multi-layer model is placed in a simulator program, with the addition of models of the body
surface and large vessels. The method developed by us allows planning the course of surgery on the human skeleton and the
organs of the lumbar region. The surgeon works with 3D models of bones in the form of holography with the ability to view
the anatomical structure of the bone in the form of a 3D model obtained after CT. Thus, the surgeon plans the course of the
operation and creates holography of combining simulations and reconstructions of clinical 3D models on a real patient in
real-time with the ability to view the medical history and DICOM images.
3D images in the system are created by MRI scanning and computed tomography of internal organs, while the program itself
selects a specific color for each of the organs (after DICOM reconstruction). The resulting image is transmitted to the
HoloLens augmented reality glasses. Preoperative planning begins with a CT scan of the patient, after which the exact
structure of the organ appears for submission to the CT planning system. The CT image was taken earlier (in 1 hour) is
combined with the CT image obtained in real-time of the patient. This module will allow radiologists to reduce the time for
processing and describing medical images.
Microsoft uses the system to apply a layer of mixed reality to the patient during surgery. The surgeon can use it to track the
position of an organ, organ systems, and surgical instruments in real-time. The program simulates manipulations on the
created 3D image of a real patient using surgical instruments in the corresponding specialty. This system is fully adapted for
the use of augmented reality glasses (HoloLens mixed reality glasses) for practicing, combining, and simulating various
manipulations in surgery, which will allow you to project virtual organs on the patient's body.
Using gestures, the medical specialist can point to the desired organ, and also remove it from the illustration. The image is
then connected to mixed reality glasses, and the doctor can see a virtual 3D map of a person's internal organs directly on
their body. The system interacts with the surgical dummy (if necessary, special markers are pasted for the operation of the
simulator program using mixed reality-holography), using previously taken medical data of CT and MRI.
The developed method was tested at the Stavropol regional clinical hospital (1 Semashko Street, Stavropol, Russia). The
method was tested in traumatology (osteology) using augmented reality in 2020 (Figure 1).

Figure 1. Performing surgical interventions on the kneecap with the assisted technology of additional reality based on
the Stavropol regional clinical hospital.

Results and Discussion

Clinical Case

In 2020, the Stavropol regional clinical hospital for the first time performed a surgical operation using augmented reality
glasses. Modern technologies have helped speed up the implementation of autoplasty (surgery method). The anatomical
Atlas and the system of interaction with augmented reality glasses HoloLens were tested during several real operations on
the knee joint performed in the Traumatological and orthopedic Department of the Stavropol regional clinical hospital.

We selected the first patient based on the degree of complexity of the operation, namely, the patient was injured during a
football match. The patient had damaged ligaments in the knee joint (cruciate ligaments of the knee joint), and also had a
small crack in the tibia (Figure 2). they Used HoloLens augmented reality glasses for navigation of the surgical intervention,
which reduced the operation time by 28 minutes, instead of 2 hours they spent for 1 hour and 32 minutes. This technology
allows you to apply computer-generated visual objects (in this case, a 3D model of the tibia, knee joint, pins, blood vessels)
and add-ons to the existing objective reality.

The software allowed us to display everything that the surgeon needs in preoperative planning. Right during the operation,
the surgeon received the results of all the studies, images, MRI, and CT data, which supplemented the operation process.
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Figure 2. Demonstration of 3D reconstruction of the fibula, tibia, and patella with DICOM images of the knee joint in
augmented reality glasses.

New software HoloDoctor.Orto expands the boundaries for training, it shows the doctor's work through his own eyes, allows
you to get a hint from a more experienced colleague in real-time right in the operating room. Before HoloDoctor.Orto
realize, they used Hololens augmented reality glasses to describe medical images, practice, and combine 3D models.

3D scanning + CT The resulting 3D models of the leg from the 3D scanner are combined with the anatomical model

Figure 3. Circuit training for surgery.
The resulting 3D models of the leg from the 3D scanner are combined with the anatomical model.

Clinical Case

Computed tomography of the lumbosacral spine.

On a series of tomograms and multiplanar reconstructions of segments LI-SI of the spine, posterior fusion is determined by
metal plates with transpedicular fixation with screws in the vertebral bodies Thll-LZ. The standing of the metal structure is
correct. In the anamnesis, surgical treatment -removal of half-vertebrae THB, Thil, Thl2.The left transverse process of the
L5 vertebra is expanded, forming an articulation with the adjacent parts of the sacrum. The shape and proportions of the
vertebrae are not changed. The height of the disks is reduced. Disc tissues L2-L.3, L3-L4, L4-L5 circularly stand beyond the
bony borders of the vertebral bodies to 3,4-3,5-5, SMM, respectively, moderately compressing the dural SAC. The closing
plates of the bodies are sealed, with smooth contours. Marginal bone growths are determined along the edges of adjacent
closure sites of vertebral bodies (Figure 3). The facets of the articular processes are sclerosed, with marginal bone growths.
The lumen of the spinal canal is not changed. The dural SAC and epidural tissue are differentiated.
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The result of the study: an anamnesis of surgical treatment-posterior spondylodesis with transpedicular fixation. CT shows
signs of dystrophic changes in the lumbar spine. Circular protrusion of L2-L3, L3 - L4, L4-L5 disks. The left-sided
sacralization of the L5 vertebra.
A neurologist together with a radiologist in the Department of Radiology and the Department of neurology could consider
pathological signs - short circuits platforms of the vertebral bodies, with bone growth boundary with glasses augmented
reality HoloLens and PC. Doctors worked with medical data in the form of DICOM images, medical histories, and a 3D
model of the spine with a straightening plate. The radiologist described the clinical case in glasses using DICOM images,
measured the size of marginal bone growths, vertebral bodies, damaged intervertebral discs, and uploaded images with a
history to the PACS server. Further, all the described studies on the patient were transferred to the neurologist and surgeon
for further treatment. The radiologist and neurologist are satisfied with the result of using HoloLens glasses with the
developed HoloDoctor program. Also, this clinical case was described and worked out on a PC using our program. The time
is taken by the radiologist to describe the clinical case was less than 15 minutes in HoloLens glasses, and 20 minutes on the
computer.

The results of the work showed that using the software package, it is possible to work out and optimize the technological

cycle of planning and navigation of a surgical operation based on the following algorithm:

1. Creating a pipeline system for digital processing of DICOM images, which allows performing reconstructions of organs
with CT, MRI, then the resulting 3D models of organ systems or a separate organ after digital processing are uploaded
to the PACS server or the surgical intervention simulator for further use.

2. Upload to the graphics station from the PACS server on the arm or to the program in HoloLens glasses with the
patient's medical history, CT, MRI data, and 3D reconstruction.

3. Save the finished scenario as a 3D model or video recording to the PACS server.

Conclusion

When studying the possibilities in traumatology (osteology) using augmented reality, all the tasks were solved. Clinical
cases were processed and integrated with HoloLens augmented reality glasses to describe medical images, practice, and
combine 3D models.

The original software together with additional reality glasses (additional reality complex) allows you to create models of
various surgical pathologies based on DICOM files obtained during CT or MRI studies and stored in databases. This allows
you to model an infinite variety of clinical cases and to provide multi-faceted training for doctors of surgical specialties.
Based on the obtained DICOM CT or MRI files, the original software allows you to simulate a specific clinical case. The
teaching method consists of using a complex of additional reality by the teacher and students. Students, being in a simulated
clinical situation, perform surgical manipulations. The teacher monitors the implementation of a given case. This technique
allows you to practice surgical interventions both individually and in groups of different levels of training without involving
expensive models.

It is also possible to use an additional reality system as a "surgeon's eye". This technique allows students to avoid being in
the surgical hall, which reduces the bacterial load on the operating room and eliminates the possibility of a biological
accident, observes the smallest nuances of surgery, and receive comments from the leading surgeon. The technique allows
you to broadcast in real-time and records the most interesting clinical cases.

The complex of additional reality can serve as a means of telemedicine, during the consultation of patients or performing
surgery.

The educational process is provided by the use of a holographic training simulator concerning the phantoms or mannequins.
In response to the cadets ' actions, not only the patient's physiological parameters will automatically change, but also
intraoperative endosurgical, angiographic and ultrasound images.
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