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ABSTRACT

This study aimed to test in practice the approach created for preparing and carrying out surgical procedures on
the craniofacial region using the evaluated enhanced reality technology. Utilizing augmented reality glasses
and the HoloDoctor program, a novel method of simulating implantological therapies in the maxillofacial
region demonstrated a capacity to visualize the anatomical features of the implant placement area, allow the
surgeon to thoroughly examine the intervention area before the procedure, and perform surgery under the
conditions of the patient's actual anatomy. For example, the use of augmented reality directions allows us to
practice operating on a virtual patient using phantom dummies (created using 3D printing) that are linked to
holography in real time. It was done using computed jawbone tomography. After obtaining the lower jaw and
antagonist impressions, plaster models were created using the impressions, which were then scanned. A 3D
reconstruction of the jaw picture was done, a template was created, and implants were digitally placed with the
aid of the planning application. 3D scanners are used for printing the template and the jaw model. The implants
were placed into the plastic model following the template and the established procedure.
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Introduction

One pressing issue in contemporary dentistry is the restoration of maxillofacial deformities [1-4]. The clinical
picture can be highly varied, ranging from a deficiency in a single tooth to major deficiencies encompassing many
anatomical formations of the maxillofacial and surrounding areas due to the various factors that contribute to the
decline of both soft and hard tissues in this region [5-8].

We can do away with the necessity for human work and computations and drawings thanks to 3D technology. We
can view the model from every perspective on the screen thanks to modern software, and we can fix any issues
that are found during the model's development and prototyping [9-15] rather than during the creation process like
manual manufacturing [16, 17]. However, the potential for intrinsic faults in physical labor is almost eliminated.
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The devices are equipped with state-of-the-art software for processing images acquired during cone-beam CT and

MRI procedures. There are situations when the capabilities of these systems are insufficient to carry out more

intricate tasks using the data acquired, such as distinguishing between tumors in different illnesses [18-20].

Our earlier research [2, 21-32] demonstrated the primary drawbacks in this regard:

1. Insufficient knowledge of the integration of simulated and reconstructions on a patient in real-time using AR
technology and augmented reality holographic glasses.

2. Absence of initiatives in dentistry for planning therapy and outcome monitoring according to objective
metrics

The development of a new type of surgical intervention planning and navigation simulation system is linked to
the result. This effort aimed to test in practice the approach created for preparing and carrying out surgical
procedures on the craniofacial region using the evaluated enhanced reality technology.

Materials and Methods

To achieve this purpose, we developed an additional functional module for dentistry using augmented reality
glasses. The module can help with the practice of operations on a virtual patient using phantom dummies (made
using 3D printing) that are linked to holography in real time. This technology in response to the actions of interns,
not only shows the physiological parameters of the patient that are automatically changed, but also intraoperative,
endosurgical, angiographic, and ultrasound images.

For this simulation technique, the PAX-i3D cone-beam computed tomography (CBCT) device with a FOV 10X8.5
(12X9) sensor and Ez3D-I software. The Avantis 3D implant treatment planning program, the 3Dison Multi 3D
printer, and an out-of-mouth 3D scanner were used. For the diagnosis, specialized programs have been used that
process the data of CBCT, allowing the diagnosis and subsequent planning of the operation. The planning system
is based on computer data processing and the provision of information on the planning of the operation consists
of the assessment of the state of the size and quality of bone tissue and the selection of a place for the installation
of implants. This takes into account the location of the real teeth, the maxillary sinus, and the maxillary nerves.
The module for glasses developed by us is controlled by gestures, i.e. the medical specialist can point to the desired
organ or instrument (tooth, surgical template), and remove it from the illustration. The software module interacts
with the surgical dummy, using previously taken medical data from CT, and MRI.

The simulator module allows the surgeon to make notes in the virtual treatment plan before the operation begins.
The resulting image is transmitted to the augmented reality glasses (HoloLens).

The developed method was tested based on the Dolgalev Dental Clinic (Stavropol, Russia).

Results and Discussion

We utilized the data of a 48-year-old patient who visited a Dolgalev Dental Clinic complaining of trouble chewing
food because of a lack of chewing teeth in the left lateral region of the lower jaw to evaluate the procedure. The
diagnosis is a terminal abnormality of the left lower jaw and partial tooth loss. Implant placement in the tooth
region is the treatment strategy.

With the aid of the program, the patient's jawbone anatomy was fully replicated in three-dimensional pictures and
plastic stereolithographic models (Figures 1 and 2).
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Figure 1. Cone-beam computed tomography data of the patient.

WcTopua Goneawu PeaynbTaThl MCCNeaoBaHuit 3D peKoHCTPYKUMA

Figure 2. 3D model of the upper jaw processed for a surgical intervention simulator.

With the help of the acquired drawings and models, we were able to fully understand the extent of bone tissue
atrophy in the alveolar procedure, which greatly improves the precision of the implantation procedure and the
forecast of the outcome of surgical intervention.

Using DICOM information acquired using CBCT, stereolytic plastic models of the jaws were created to replicate
the implant insertion procedure. A 3D template modeling application was used to create the template after the
molded plaster models of the dentition were scanned with an extraoral scanner. You may use this tool to overlay
a 3D reconstruction of the dentition that was produced via CBCT with a scanned model of the dentition in the
form of STL files. To model the template, a 3D scene is made. A 3D printer receives the computer project and
uses it to generate a template that precisely depicts the anatomy of the jaw region where the implants will be
placed. The anatomically confirmed template already indicates the proper implant orientation.

Conclusion

Tomography of the jawbones was done. Plaster models were created from the opponents' and the lower jaw's
imprints, which were subsequently scanned. With the aid of the planning tool, the implantations were virtually
placed, a 3D reconstruction of the jaw picture was carried out, and a template was created. 3D scanners are used
to produce the template and the jaw model. The implants were placed into the plastic model following the template
and the established procedure.

When doing surgery or patient consultations, the extra reality complex can be used as a means of telemedicine.
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