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Abstract
Objective: To evaluate the implant positioning accuracy using a robotic implant navigation system in dental implant
practice.
Methods: The analysis of the treatment of 16 patients using a robotic implant navigation system in stages implant
surgery and dental implant prosthetic rehabilitation performed for the period 2022-2023.All patients underwent a
complex clinical, laboratory study, computed tomography (CT).
A total of 46 implants were installed using the Navident (ClaroNav) navigation system a flapless or minimal flap
approach. 25 implants were completely edentulous and 21 implants were installed in a partially edentulous area.
To assess the accuracy of dental implant placement using preoperative plan cone beam computed tomography (CBCT),
deviations between the planned and installed implant positions were analyzed. The coronal deviation was measured
as the distance between the centers of the implant coronal platform. Apical deviation was measured as the distance
between the centers of the implant apical. Angular deviation was measured as the angle of the axis of the implant
center.
Success of implantation and success of prosthetics of implant- supported reconstructions were evaluated. Data were
statistically analyzed with.
Results: No intra-operative or immediate post-operative complications were noted after procedure. The postoperative
of the patients was favorable.
For all implants, the mean deviations were: 0.21 mm at the entry point (lateral) and 0.27 mm at the apex. The average
angle deviation from the actual and planned implant position was 1.32 degrees. Patients were satisfied with the
functional and aesthetic results of implantation.
Conclusion: Robotic implant navigation system allows for precise implant placement, the level of experience of the
surgeon and the location of the implant do not affect the accuracy of placement and the timing of the procedure.
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To eliminate surgical risks in implant treatments, it
is very important to have detailed preoperative
planning to ensure correct placement of the implant,
taking into account the characteristics of the alveolar
bone (bone quality, thickness and height) and the
anatomical changes in the surgical site (e.g. nasal
fossa, mandibular canal, mental foramen) and
sinuses).!

However, various complications arise at different
stages of implantation, such as damage to adjacent
structures,  aesthetic ~ problems,  peri-implant
inflammation and even implant rejection.?

Along with the development of digital
technologies, in the last decade, implantology has
gained a lot of popularity guided implant surgery
(GIS), which allows the planned restorative design to
be transferred directly to the surgical field.®

These methods include the use of surgical
templates that can be produced using conventional
computer-aided design / computer-aided
manufacturing (CAD/CAM) technologies (milling or
stereolithography).

Thus, the use of a surgical template makes the
operation less invasive, reduces the risk of
complications and has great prospects for
development.*

Although there are reports comparing the use of a
surgical template and a freehand implant, it is not
entirely clear whether a surgical template can actually
increase the accuracy of the implant. In that direction,
many studies are conducted to evaluate the
effectiveness of the method.®

In recent years, the use of artificial intelligence has
also become widespread in oral implantology.®

Acrtificial intelligence (Al) - imitates human
intelligence and improves its characteristics, using
deep analysis methods, this model

Computer science, aimed at performing various
specific functions that require human intelligence.’

There are studies in the literature in which this
method was used to interpret anatomical. The use of
artificial intelligence systems in the interpretation of
CT images provides the doctor with many advantages
and can help in detailed implantation planning.?

Robotics is a breakthrough technology that will
change diagnostic and treatment protocols in dentistry

while improving the overall quality and scope of
patient care.®

Artificial intelligence has been used in various
fields of medicine, but its integration in dentistry has
occurred quite recently, it is obvious that it will make
a great contribution to the development of dentistry,
will lead to much better treatment results.°

The term "artificial intelligence” was coined by
John McCarthy, mathematician, in 1955 and is widely
known as the father of artificial intelligence.!*

In the last decade, the introduction of artificial
naturalness (Al) and robotic technologies in implant
dentistry has opened up new vistas for the
development of the field, ushering in a new era of
development of this advanced treatment method.
Artificial intelligence (Al) and robotic systems
increase the accuracy of implant placement, reducing
human error and ensuring high treatment efficiency.*?

The field of dental implantology has seen
tremendous progress in recent years thanks to the
integration with robotic technology and artificial
intelligence (Al).%

Al suites are equipped with algorithms that analyze
extensive patient data to aid in diagnosis, treatment
planning, optimizing the implant placement process,
and increasing implant survival rates.

Along with all these benefits, the balance of trust
between human factor and robotic technologies must
be addressed while maintaining the highest standards
of ethical norms.

Artificial intelligence (Al) algorithms make it
possible to analyze a huge amount of data, helping
doctors to choose optimal and treatment plans by
combining it with the clinical anatomical features of
the patients and adapting it to the needs of the
individual patient.!

Artificial intelligence is used to screen, diagnose
and treat patients and has also been used in the
research of new drugs and vaccines, monitoring and
tracking important indicators, symptoms and other
data to help identify potential health problems at an
early stage.’®

However, there is little research data on the
reliability and accuracy of autonomous robots.

Despite the progress reported in this field, there are
challenges and ethical considerations that need to be
reviewed and a new approach is needed.
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Navigated implant surgery based on CT image data
has been introduced in dental implantology to improve
the accuracy of implant placement and prevent
potential complications. Surgical navigation systems
for implant placement, determine virtual location in
real time, track implant drills and the patient
throughout the operation.

Surgical navigation systems for implant
placement, determine virtual location in real time,
track implant drills and the patient throughout the
operation

One of the main advantages of robotic technology
in implant dentistry is its accuracy and precision, as
robotic systems can offer optimal solutions among
complex anatomical structures with exceptional
precision, reducing the risk of errors and
complications.®

Several successful case studies published in the
literature have demonstrated the effectiveness of
robotic and artificial intelligence-assisted implant
dentistry.'’

For example, robotic systems have been used to
perform complex implant surgeries with high
precision, resulting in improved implant survival rates
and patient satisfaction.

Al algorithms have helped accurately identify
bone quality and quantity, facilitating optimal implant
placement and reducing the risk of implant failure.
These advances have allowed for shorter operative
times, improved aesthetic outcomes, and improved
patient comfort.

For example, robotic systems have been used to
perform complex implant surgeries with high
precision, resulting in improved implant survival rates
and patient satisfaction. Al algorithms have helped
accurately identify bone quality and quantity,
facilitating optimal implant placement and reducing
the risk of implant failure.’® These advances have
allowed fo shorter operative times, improved aesthetic
outcomes, and improved patient comfort.

Disadvantage of robotic Surgical navigation
systems is the ability to determine the torque when
inserting the implant.

Despite the many benefits, there are also
challenges and ethical considerations associated with
the integration of robotics and artificial intelligence in
implant dentistry.'® One of the primary concerns is the
proper balance between human expertise and reliance
on technology.

In 2017, the FDA approved YOMITM (Neotsis,
Miami, Florida, USA), which became the world's first
computerized navigation robotic system to improve
the clinical accuracy of dental implant surgery.?

The YOMI navigation system provided control of
drill depth, orientation and position, thereby avoiding
custom fabrication of a surgical template and operator
hand deviation, providing high predictability and
accuracy in preparation for dental implant osteotomy.

Artificial intelligence algorithms help accurately
determine the quality and quantity of bone, promoting
optimal implant placement and reducing risk,
reducing surgical time, improving aesthetic results
and increasing patient comfort.?

While robots provide precision and artificial
intelligence promotes analytical prowess, the human
element in dentistry remains.

However, most navigation studies are in vitro
studies, so it is important to obtain the results of
applying this technique on clinical material

The analysis of the treatment of 16 patients using,
using a robotic implant navigation system in stages
implant surgery and dental implant prosthetic
rehabilitation performed for the period 2022-2023.All
patients underwent a complex clinical, laboratory
study, cone beam computed tomography (CT).

The inclusion criteria for this study were as
follows:

(1) patients with total or partial defect of dentition,

(2) absence of uncontrolled systemic diseases
contraindicated for implantation,

(3) good oral health.

Exclusion criteria were as follows: limited mouth
opening, presence of untreated periodontitis,
significant resorption in the implantation site,
presence of systemic disease that makes the patient
unsuitable for implants.

A total of 46 implants were installed using the
Navident (ClaroNav) navigation system a flapless or
minimal flap approach. 25 implants were completely
edentulous and 21 implants were installed in a
partially edentulous area

To assess the accuracy of dental implant placement
using preoperative plan cone beam computed
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tomography (CBCT), deviations between the planned deviation was measured as the angle of the axis of the
and installed implant positions were analyzed. The implant center.

coronal deviation was measured as the distance The DICOM CBCT file was imported into the
between the centers of the implant coronal platform. Navident system for treatment planning with design of
Apical deviation was measured as the distance implant placement, future crown and abutment design
between the centers of the implant apical. Angular (figure 1-7).

" NEW DRILL? CALIBRATE TIP!

Verify accuracy by touching
crowns proximal to the
implantation site

Figure 3. New drill calibration for the system to recognize prior starting the drilling process
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Figure 6. Lower jaw implants placement taking into notice the important structure (nerve)
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Figure 7. Drill is in the correct position according to the plan

The Head-Tracker has been installed and tested for
stability. Trace registration was performed by marking
four landmarks on the teeth using a panoramic 3D
image of the jaw and then tracing the landmark areas
using the tracing tool while the camera and software
collected 100 points on each tooth. Navident
automatically registered the Head-Tracker to a CBCT
scan of the patient's maxilla based on the collected
points.

Before use, each drill was calibrated and checked
for accuracy. A small incision was made to
accommodate the reduction flap. All osteotomies were
performed at 800 rpm. the virtual implant was
repositioned  intraoperatively  using  Navident
software, and the rest of the site preparation was
performed according to the final angulation using
drills. Osteotomies were performed at two angles and
monitored in real time, and the same procedure was
used for implant placement. The cover screw was
attached before the surgical site was sutured.

To assess the accuracy of dental implant placement
using preoperative plan cone beam computed
tomography (CBCT), deviations between the planned
and installed implant positions were analyzed. The
coronal deviation was measured as the distance
between the centers of the implant coronal platform.
Apical deviation was measured as the distance
between the centers of the implant apical. Angular

deviation was measured as the angle of the axis of the
implant center.

Once the surgery was completed, the file was
converted to an STL file, allowing the laboratory to
access the treatment plan.

Success of implantation and success of prosthetics
of implant- supported reconstructions were evaluated.
Data were statistically analyzed with.

No intra-operative or immediate post-operative
complications were noted after autografting
procedure. The postoperative of the patients was
favorable.

For all implants, the mean deviations were: 0.21
mm at the entry point (lateral) and 0.27 mm at the
apex. The average angle deviation from the actual and
planned implant position was 1.32 degrees. Patients
were satisfied with the functional and aesthetic results
of implantation.

Research is currently underway to improve the
integration of artificial intelligence with computer
design and manufacturing (CAD/CAM) to optimize
the entire implantation process, providing a more
predictable and efficient implantation process.??
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One of the most important factors influencing the
result of implantation therapy is the accuracy of
implant placement. To ensure the correct position of
the implant installation in accordance with the design
of the prosthesis a surgical guide is used, however, the
errors of surgical guides generated by computed
tomography (CT) depend on the manufacturing
method and design.

In the modern world, artificial intelligence refers to
a technology that can imitate human cognitive skills,
such as problem solving, which depends on algorithms
for predicting results based on a set of data.?®

Thanks to a large number of artificial neurons (or
nodes) connected into neural networks, the system
evaluates large volumes of data to perform specific
tasks, among which diagnostic data, personalized
treatment, and treatment evaluation play an important
role.?®

Neural networks are a set of algorithms that
compute signals through artificial neurons that
function like the human brain. The medical robotics
industry has recently shifted its focus to autonomous
robotic technologies that can independently perform a
procedure without constant supervision.

The development of artificial intelligence (Al) in
healthcare research has led to its spread in dentistry.
Acrtificial intelligence in dentistry is emerging as an
auxiliary tool as a central principle for ensuring safe
and effective treatment. When applied to dentistry,
artificial intelligence has enormous potential for
simplifying diagnostics, eliminating unnecessary
procedures, minimizing postoperative complications
and predicting treatment results. All this has a positive
impact on the quality of treatment due to fewer
interventions, diagnostic accuracy and more reliable
recovery.

The application of artificial intelligence to predict
implant success and optimize implantation has shown
great potential, but additional research is needed to
further develop and evaluate the clinical effectiveness
of artificial intelligence models for widespread
implementation in the field of implantology.?’

Despite the prediction that the widespread
adoption of artificial intelligence (Al) in dentistry
could revolutionize dentistry, research on the use of
artificial intelligence in dental technology is still scant
in the literature.

One of the applications of Al in implantology is the
use in digital three-dimensional (3D) treatment

planning based on CT data and can help the
practitioner determine the optimal number, size,
location for implant installation, and the development
of dentures, thereby reducing the risk of complications
during surgery and increasing success of implant
installation.

The next stage of this achievement was the
introduction of this planning into the dynamic implant
navigation system.

The use of artificial intelligence will revolutionize
implantology in the coming years. Today, in
implantology, thanks to artificial intelligence (Al),
software allows the dentist to view holographic 3D
models of the patient and use them to make the correct
diagnosis, as well as illustrate the selected treatment
plan to the patient.

A Dbreakthrough in implantology was a nhew
computer navigation system for implant installation.

Currently, dynamic navigation is the most effective
way to communicate the planned implant position to a
real patient, as it guides surgeons' movements using
real-time feedback.

Our research was aimed at studying the
effectiveness of the use of artificial intelligence in the
practice of dental implantology.

Implants were installed using the Navident
(ClaroNav) navigation system. This dynamic
navigation system allowed precise placement of the
implant within 0.5 mm of the treatment unit.

The handpiece tracker (Rocket) allowed the hand
to be tracked throughout the process from multiple
angles, enabling precise and efficient surgical
intervention. Navident provided visibility of drill
movement from the simplest to the most complex
cases. The system allowed for minimally invasive
surgery to bypass critical structures. The optical
camera in the Navident system allowed (175 degrees
horizontal and 90 degrees vertical movement) precise
and accurate tracking of the surgical area throughout
the entire process.

Deviations between planned and installed implant
positions, implantation success, and prosthetic success
of implant-supported reconstruction were assessed.
For all implants, the average deviations from the
actual and planned position of the implant were
insignificant, which did not affect the effectiveness of
implantation. Patients were satisfied with the
functional and aesthetic results of implantation.
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Thanks to its enormous advantage, artificial
intelligence is an additional assistant for specialists
and its use is not intended to replace the dentist, but to
increase the efficiency of treatment and procedures
and give the doctor more confidence to monitor the
condition of his patient at every stage of the most
complex procedures.

The use of artificial intelligence in implantology is
just beginning, and in the coming years it will create a
revolution, as it will lead to much better results;
however, multicenter long-term studies are needed on
all aspects to give an objective assessment

Robotic implant navigation system allows for
precise implant placement; the level of experience of
the surgeon and the location of the implant do not
affect the accuracy of placement and the timing of the
procedure.
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owypwdwunid: Uheohtt wtynibuyhtt ptnnidp hdypubtinh ppujutt b wjubwynpguwd nhpphg tnty t 1.32
wunhbwb: <pJubnbtipp gnh tho hdyubmwughuwyh $nitghniuyg b buptimhl wipynibpbtinhg:
Gqpuljugnipinih. bdyubmbtph twhqughntt pnpnunuyghtt hwdwljuipgp eny) £ wmujhu hpduyubnbtinh
tognhunn mtinunpnuy; Yhpwpnydh thnpah dwjupnuijp b pdyputinh mtnuinpdwit hwndwop skt wgnnid
wmbinunpiwb Ggqpunipjub b phipuguungh dudwbwyh Ypuw:
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TOYHOCTH POBOTU3NPOBAHHOM CUCTEMbBI HABUT ALIMA JIEHTAJIBHBIX HMILJIAHTOB B
MPAKTUKE JEHTAJBHOMW UMILIAHTALIUU

Kapen I'puropsin

Houent EpeBaHCKOTO TOCYyIapcTBEHHOTO MEAHWIWHCKOTO yHHBepcutera wuMeHH M. D'epamm, OcHoBaremnb-
npeacenarens LleHTpa MHHOBAITMOHHOW METUITHHEI «ABaHTa», EpeBaH, ApMeHMs

AOCTpaKT
Hesn: OueHUTs TOYHOCTH MO3UIMOHUPOBAHMS MIMILUIAHTATA C IOMOLIBIO pOOOTU3UPOBAHHON CUCTEMBI HABUTAIIH
B IIPAKTHKE I€HTAIbHON UMIIJIAHTOJIOT HH.
Metoasi: IIpoBenen ananu3 edeHus 16 ManueHToB ¢ HCHOJIB30BaHHEM POOOTHU3HPOBAHHON CHCTEMbI HABUTAIIU
WMIUIAaHTATOB B MO3TAITHOM NMILTAHTAIIMOHHOW OTIEpalliy U IPOTE3UPOBAHNH 3yO0B Ha MMIUIAHTATaX, TPOBEIEHHBIX
3a mepuox 2022-2023 rr. Bcem marmieHTaM MpOBENEHO KOMIUIEKCHOE KIMHHUKO-Ta00paTOpHOE HCCIEeT0BaHHUE,
KoMIstoTepHas Tomorpadus (KT).
Bcero 0bu10 ycTaHOBIeHO 46 MMIUIAHTaTOB C HMCIOJb30BaHMEM HaBuranunoHHoi cuctemsl Navident (ClaroNav)
0E3JIOCKyTHBIM WM MUHUMAIBHBIM JIOCKYTHBIM ITOAXOJOM. 25 MMIDIAHTATOB OBUIM TONHOCTHIO 0e33yOnl m 21
MMIUTAHTAT YCTAaHOBJICH B YaCTUYHO 0€33y00M ydJacTKe.
J11st OLIEHKH TOYHOCTH YCTAaHOBKU ACHTAJIBHOIO MMIUIAHTATA C IIOMOILBIO IPEAONePaluOHHON IIIAHOBOW KOHYCHO-
nydeBoit kommbroTepHod ToMorpaduu (KJIKT) ananu3upoBanu OTKJIOHEHHS MEXKAY 3allJIAHUPOBAHHBIM H
YCTAHOBJICHHBIM TIOJOXKEHMSIMA HUMIUIaHTaTa. KOpoHanbHOE OTKIOHEHHE HW3MEpSUI KaK pacCTOSHHE MEXITY
LEHTpaMy KOPOHKOBOW IUIAT(GOPMbI MMIUIAHTATA. AINUKAIBHOE OTKIOHEHHE W3MEPSUIM KaK PacCTOSHUE MEXIY
LHEHTPaMH anyuKalbHON YaCcTH UMILIAHTaTa. YTIOBOE OTKIOHEHHE U3MEPSIUTH KaK YroJl OCH LIEHTPa UMILIAHTaTA.
OneHuBaINCH YCHEIIHOCTh UMIUIAHTALIH U YCIICIIHOCT IPOTE3UPOBAHMS C OTIOPOH HAa UMILIaHTaThl. [laHHbIe ObUIH
CTaTUCTUYECKU MPOAHATU3UPOBAHBI C TIOMOMIBIO .
PesyabTaThl: [Ipu JeHTaATBHON HMILUTAHTAIMHT HE OBUIO OTMEYEHO HUKAKMX MHTPAOIIEPAIIMOHHBIX MU OJIVKaHIINX
MOCJICONePalMOHHBIX ocloxkHeHuH. [locneonepanoHHbIi eprol y NaMeHTOB ObLT OJIarONPHUSITHBIM,
Jnist BceX MMITIAHTATOB cpefnue oTkioHeHus coctapuin: 0.21 Mm B Touke Bxona (matepansHo) W 0.27 MM Ha
Bepxyuike. CpeaHee yrioBoe OTKIOHEHHE OT (haKTHYECKOrO W 3aljIaHUPOBAHHOTO IOJIOXKEHHUsI HMILIaHTaTa
coctaBuiio 1.32 rpagyca. IlauneHTsl ObUIM yIOBIETBOPEHB! (PYHKIMOHATBHBIMHA M 3CTETUYECKUMH pe3yIbTaTaMu
WUMIUTAHTAIIH.
3aximoyenue. PoOOTH3MpOBaHHAs CHCTEMa HAaBUTalMK MO3BOJISAET TOYHO YCTAHOBUTH UMIUIAHTAT, YPOBEHb ONbBITA
XHMpYpra 1 pacnoioKeHUe UMILIAaHTaTa HEe BIUSIOT HA TOYHOCTh YCTAHOBKU M CPOKH NMPOBEACHUS MPOLELYPHI.
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