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Abstract
Purpose: To evaluate the effectiveness of implant treatment using computer 3D modeling and surgical guided.
Materials and Methods: The study included 148 patients who underwent prosthodontics rehabilitation using dental
implants in 20172022. 3D computer-aided modeling and surgical guide were used to plan the operation. To conduct a
comparative analysis of the treatment results, two groups were formed: In group A (included 75 patients, fully guided
surgery), in group B (included 73 patients).
Results: In patients Group A intraoperative or immediate postoperative complications were noted (errors in the position,
inclination), anatomical risk structures were invaded, after 3 years producing a survival rate of 96.2% In patients Group B,
intraoperative complications were recorded; membrane perforation 4, errors in the position ofthe implants 16, the inclination
of the implants 18, fenestration 12, after 3 years producing a survival rate of 97.6%. Mean marginal bone loss (MBL) patients
in Group A were significantly higher than patients in group B (p < 0.05). In patients Group A the average surgical time from
time of anesthesia to the placement of the healing abutment was 10.6 = 2.9 min per implant, in patients Group B, the
average surgical time was 16.4 £ 1.5 min per implant.
Conclusion: The 3D modeling method and the controlled positioning of the implant allows surgical access with minimal
trauma, reducing treatment time and complications.
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Introduction

The use of dental implants significantly increases the functional and esthetic effectiveness of orthopedic treatment of
patients with various forms of tooth loss, providing complete medical and social rehabilitation. However, according to
various authors, 5-26% of patients after dental implantation develop complications, accompanied by a complex of functional
and structural disorders 6. One of the important factors predetermining the effectiveness of dental implantation is the correct
position of the implant by the plan of prosthetics. The correct placement of the implant has several advantages, such as
favorable esthetic and prosthetic results, as well as providing an optimal axis of load on the implant 7. Even small deviations
from the axis of implant placement cause difficulties in installing the final prosthesis, and installing an implant with the
correct axis reduce biomechanical complications and the likelihood of implant failure.Improper positioning of the implant
often leads to the desorption of mechanical bone tissue & °. An adequate surgical diagnosis is of utmost importance to
evaluate the quality and quantity of bone available to avoid complications and damage to important anatomical structures.
The development of new visualization technologies such as cone beam computed tomography (CBCT) has led to great
progress in preoperative planning compared with panoramic radiography since it provides three-dimensional data on the
patient's anatomy. Computed tomography and modern dental implant planning programs can accurately calculate the
anatomical and topographic parameters, choose the optimal implant size 1% 1.

Now CT or cone CBCT is a common preoperative diagnostic method and provides more complete data on bone quality and
quantity, as well as anatomical limitations. Also, it is now possible to put dental implants in an ideal position virtually, using
various programs using data provided by CBCT scans. As technologies develop, the use of modern digital technologies
significantly changes the classical approaches to planning and treating implant surgery, moving from traditional techniques to
computercontrolled technology %15,

The trend of dental implantation with freehand implant placement technology has changed to the use of surgical guides. For
guided implant surgery there are several elements required: an imaging dataset tomography CT, or CBCT surgical planning
software, and an x-ray guide for transferring results to planning software. When planning dental implantation, computed
tomography, 3D computer-aided modeling and surgical guided with the manufacture of 3D printers can reduce the risk of
these complications and increase the effectiveness of treatment. This whole process can be performed in such a way that the
ideal position of the implant can be achieved without damaging the surrounding anatomical structures. When preparing a
bone bed, the depth of preparation is planned following computer indicators bone tissue parameters ¢. The work of the drill
is carried out through metal cylinders placed in a template that provides the right direction and the required depth of the bone
bed, maintaining a distance of 2 mm from the anatomical structures. Implant planning software allows for virtual implant
placement following future prosthetics needs, taking into account the existing anatomical situation. Justification of the
advantages of a guided implant surgery compared to classical implant placement can expand its application in everyday
clinical practice. The study aimed to evaluate the effectiveness of implant treatment using computer 3D modeling and
surgical guided.

Materials and methods

The study included 148 patients with various forms tooth loss (female (n = 72), male (n = 76), (age range 38-62 years) who
underwent prosthodontics rehabilitation using dental implants in 2017-2022. All patients underwent complex clinical,
laboratory, and instrumental examinations for diagnosis and treatment planning. CT was used for information regarding
anatomical constraints, bone volume and bone quality. 3D computer-aided modeling and surgical guided were used to plan
the operation. Patient groups were compiled to evaluate treatment efficacy using computer-assisted 3D modeling and surgical
templates. In group A (included 75 patients, fully guided surgery), the preparation of implants sites was accomplished using a
surgical guide and implants were placed using a surgical guide. In group B (included 73 patients) the preparation of implants
sites was accomplished without a surgical guide and implants were placed without a surgical guide. Total of 583 implants
were installed. During the diagnostic and planning stages of the operation, patients of group A underwent a scan of the
alveolar bone, which was loaded into 3 Shape Implant Studio (Figure 1).

Figure 1: The virtual positioning of the implants in the software.
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In the 3 Shape Implant Studios working file, 3D computer modeling and virtualplanning of surgical guides were carried out
(Figure 2). Surgical guides modeled on a 3 Shape computer program was made of biocompatible printer (Stratasys) (Figure
3).

After checking in the oral cavity, the surgical guides were finally corrected, disinfected, immersed in a 70% ethanol solution
for 20-25 minutes, then, after washing with a Chlorhexidine solution, it was placed in a disinfected container and prepared for

surgery.
&)
@

Figure 2: Computer-assisted guided design project in the maxilla Figure 3: Finished 3D printing guide

The surgical guide was used when drilling the implant site and to perform guided implant placement. Osteotomies were
performed according to metal sleeves following the planned positions and angulation of the implants in the bone. In patients
in group A, implantation was performed using surgical guides that provided the direction of the axis of the forming bone and
the required depth and implants were installed. For patients of group B, implantation was according to the surgical protocol
of the implants used. In the postoperative period, patients received prophylactic antiinflammatory therapy and were under
dynamic observation. The postoperative control CT image is taken after the implant surgery, to confirm the position of the
implants (Figure 4).

’ /
.

Figure 4: Postoperative control CT image is taken after implant surgery, to confirm the position of the implants

To assess the stability of implants, the resonance frequency analysis (RFA) method was used during implant placement, after
3-6 months using Osstell Mentor device. Depending upon the ISQ values and patient preference the loading of the implants
was immediate or delayed. In 16 cases implants were immediate functional loaded with 1SQ values above 165 and 82 cases
implants were delayed functional loaded? The prosthetic phases started with an optical impression with an intraoral scanner
and the files were imported into the prosthetic CAD, where the virtual waxing of the restoration was carried out, taking into
account the volumes, shapes of the occlusal teeth with the antagonist arch. The prosthesis was tightened to the manufacturer’s
recommendations (15 Ncm for prosthetic screws and 30 Ncm for abutment screws. The outcomes of the study were collected
both directly at the time of surgery (intraoperative complications, the stability of the implant), and the annual checkups
(implant survival). Clinical examination was performed to evaluate peri-implant and periodontal tissue, implant stability (Fig.
5). Prosthodontics treatment failure was defined as the need to remake prosthesis for any reason. Patients underwent dynamic
and regular clinical and radiation monitoring (Fig. 6.).

R %

Figure 5: Control CT image is taken after prosthetic Figure 6. Intraoral frontal view partial denture upper
rehabilitation jaw
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The success of oral implant rehabilitation was; implant success; complications; and marginal bone loss (MBL). A radiograph
was used to detect any bony abnormality and evaluate alveolar bone around each implant and made as an average value.
Postsurgical change in marginal bone level was assessed by digital x-ray were taken immediately (baseline for comparison)
and 3 months after implant installation, after prosthesis loading, 1 year and 3 years after the implant installation.

Statistical analysis

Statistics were used to calculate and analyze the mean marginal bone loss of implants. The differences between followup
periods were tested by paired Student’s t-test. All analyses were carried out using SPSS (SPSS Software Company, Chicago,
IL, USA). p values < 0.05 were considered statistically significant.

Results

Patients in group A did not have any intraoperative or immediate postoperative complications (no errors in the position,
inclination, and depth of the implants), no anatomical risk structures (inferior alveolar nerve, maxillary sinus) were invaded,
and no cortical bone perforations occurred.

In patients group B intraoperative complications were recorded; membrane perforation 4, errors in the position of the
implants 16, the inclination of the implants 18, fenestration 12 (Table 1).

Table 1: Complications at the time of surgery

icati Patients Group A Patients Group B
Complications n=(75) e (73)
Sinus Membrane
Perforation
Errors in the
Implants Position 0 16
Implants
Inclination 0 18
Fenestration 0 12

The mean MBL after prosthetic loading patients Group A n=75 was 0,47 £ 0.23 mm, the mean MBL after prosthetic loading
patients Group A n=73 was 0,51 + 0.28 mm. The difference between MBL value at 3 years post-installation patients Group A
was 0,76 £ 0,28 mm and of the patient's Group B was 0,94 + 0,31 mm(p<0,05) (Table 2).

Table 2: MBL of each group and implant installation after 3 years

Time after implantation Patle?]t:s(%?up A Patlerrlt:s(%;)up B
IAfter implant prosthetic loading 047+0.23 051 +028

3 years after implant installation T U
Difference betweem 1,23+£0.34 1,45+ 0.61
MBL value at 3 years 0.76 + 0.28 0.94+031
postinstallation T T

Mean marginal bone loss (MBL) patients in Group B were significantly higher than patients in group B (p < 0.05). These
MBL results are within the threshold indicating success. In patients Group A the average surgical time from time of
anesthesia to the placement of the healing abutment was 10.6 + 2.9 min per implant, in patients Group B, the average surgical
time was 16.4 + 1.5 min per implant. After 3 years, producing the survival rate of patients in Group A 97.6% and patients of
Group B survival rate 96.8%. Discussion For an effective implant, rehabilitation takes into account the anatomical, functional
and esthetic requirements. Modern trends in dental implantation dictate the development of minimally invasive procedures
with a reduction in the time of surgical intervention and an increase in the healing rate with fewer postoperative
complications 7.

The program scans the complete computed tomography of important instruments for the planned and placement of implants.
3D digital imaging techniques gained popularity given their ability to achieve predictable and accurate results. Using a
specially designed computer program, virtual implant position planning is then transferred to surgical guided required for
dental implant surgery.

Hakobyan G.V., et al. (2022). Computer-supported implant guided surgery using 3D planning software. Bulletin of
Stomatology and Maxillofacial Surger, VVol. 18 N1, 67-73. DO1:10.58240/1829006X-2022.18.1-67

70



CBCT combined with dental implant software; surgical guides will improve the accuracy of implant position to the area of
surgery taking into account esthetic, biomechanical and functional requirements 18-20. Safety and efficacy of guided surgery
closely related to its accuracy, as implants are inserted in proximity to vital anatomical structures.

There are many studies in the specialized literature on the reliability and accuracy of fully controlled implantation. However,
when applying this technique, there may be a deviation between planning and the actual position of the implant, which can
occur for various factors: tomographic scanning, the transmission of planning data, manufacturing and inadequate stability of
the surgical guide, drilling errors, implant placement 2,

As a result of the deviation of the positions of the implants between the stages of planning and intervention, they can cause
fenestration, damage to anatomical structures such as the sinus, lower alveolar nerve.

Implant placement accuracy is the sum of all errors that occur during the entire treatment procedure.

General protocol of 3D surgery guide following steps:

Obtaining a three-dimensional virtual maxillofacial model; Virtual implant placement planning;
Virtual planning of surgical guide;

Manufacturing of a surgical guide on a 3D printer.

Sometimes before surgery, the surgical guide makes corrections if necessary. The importance of the clinical significance of
3D guide implant surgery may be appropriate in situations where multiple parallel implants are needed, and where the degree
of accuracy is critical for prosthetic restoration. Surgical guide modeled using a 3D computer program ensure placement of
the implant with a predetermined optical axis, maintain the necessary distance of the implant from the anatomical structures,
ensure the parallelism of the implant, and facilitate proper placement of the implant.

The implant placement can be performed using a surgical guide, the operation is performed with accurate and minimal tissue
damage relieves complications. Analysis of nearest and remote results in the presented work to conclude that the use of a
surgical guide, reduces risks, complications including damage to the mandibular nerve, sinus perforation, fenestration, or
dehiscences and increases the effectiveness of treatment. Implant placement through to precise surgical guidance more
accurately than placing a hand in an osteotomy; guides allow the installation of dental implants in the most optimal position
for future prosthetics allow you to control the position, depth and inclination of the implant.

3D guide implant surgery allows you to avoid procedures for increasing bone tissue by optimizing the use ofexisting jaw
bone; guides allow flapless surgery while maintaining periosteal microcirculation and lessen the likelihood of edema; with
controlled implant surgery, patients experienced less pain intensively and for shorter periods; reduces surgery time compared
to conventional implant placement, guide implant surgery was an easier treatment option for patients with severe anxiety
about surgery.

Minimally invasive guide techniques prevent the intraand post-operative patient morbidity in terms of pain, swelling and
bleeding.

Conclusion

The 3D modeling method and the controlled positioning of the implant allow surgical access with minimal trauma, reducing
treatment time and complications. This method should be performed by experienced specialists who have sufficient
experience in the routine implantation procedure.
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Withnthnid
Lywwnwlp: Ghwhwwnmbty hdyubmbbph pniddwb wpynibwybunnipyniip’ oquugnpoting  hwdwfupgsuyhtt 3D
dnntpuynpnid e Jhpupnidwjub ywipnt:
Uymptp b dhipnnitip: <twwgnunipnibp Gtipunty £ 148 hhjubnh, nyptin 2017-2022 pywljubbbtnht Ghpwnlpdty Gh
oppenwtnhy pnidiwb hdyubwmbtiph fhpundwdp: dhpwhwmnignitn yuibwnptine hwdwp oqumugnpoyty Gh
hudwjupgsuyghtt 3D dnplijuynpnid b yhpwpnidwjub pwpmb:
Pniddwl wpynibptbph hwibdwmwlub Ytpnidnipynid wighugitine hwdwp dbwynpyly £ hhyubndbtph Gpyne
unidp’ A fudpnid (Ghpwnyuy 75 hhywitn, (hnghé nipnnpngud Jhpwhwnnipnih yupmnbatph jhpundwdp), B padpnid
(bbpwnyuy 73 hhywbn wnwbg wpnbbtiph jhpuwndwdp Jhpwhuwnnipynib):
Wpyniipatip: A pdph hhquitinitiph dnw 60 Gunyty b tbpghpuwhunwljut jud widhpwjub hmdhpuhwnwjuit
pupnnipynibbtp (upwiip mbnunppqud pdwypuinnh nhppnid, wpwigph tnnid, wbwwnihwubd Jupnygutph
Jhwunid), 6 mwph wig wywhnytny 97,6% gnjunbidwt dwupnuly; dtdpputh wtpdnpughw 4, hduubnbtph
nhpph upiwybtp 16, hdyubnmbtph phpnipnid 18, dthtumpughw 12, 6 wwph htun  gnumbdwb 96.2%
gnigulihy:
B hudpnid dhohtiuwhdwbwyhtt nujpuyhtt Ynpniump (MBL) hhJuwbnitpp gqquihnptt wbjh pupap Eht, pwd Apadph
hhjunutiph Wnw (p <0,05):
A haiph hhqubnitiph Unun yhpwhwunnipjut thohidwdwbwlyh tp 10,6 £ 2,9 pnut Wby hdyubmh hwdwp, B fudph
hhywbinttiph dnnyhpwhwnnipjubd thehtt dundwiulp 16,4 + 1,5 pnuyt dky hdypubmh hudwp e
Gqpulugnipgnia: 3D Unphpuynpiwd dbpnnp b pdypubnh JGpwhulynn  phppuynpnidp  pny; &b wwghu
wnwdughtt hdyubnwghw tuqugnyt Jowujwdptitipny, tfuqtighting pniddwb dudwbwlp W pupnnipnitbbpn:

KOMIIBIOTEPHAS XUPYPI'UAA UMIIJIAHTATOB C UCITIOJIB30OBAHUEM ITPOT'PAMMHOI'O
OBECIIEYEHMUS AJ15 3D-IIVIAHUPOBAHUSA

Tarvk AKOISH, IOKTOP MEIMIMHCKUX HayK **, I'puropsn ['pant 2, Manyksan Mapuna 2, Maprupocsu TateBuxk 3,

I'pauss Caaxsn *

1. TIpodeccop, 3aBexyrommuii kKagenpoil YeTOCTHO-TUIICBON XUPYprud, EpeBaHCKHUN TOCYJapCTBCHHBI MeIUITTHCKIHA
yHuBepcureT, M. I'epann, Apmenus

2. Joxrop, I'panr [dent, EpaBan, Apmenust

Hoxrtop Ctomaronorndeckas knuHuka «Paauamy, EpeBan, Apmenust

4. Joxrtop Cromarosormyeckas KIMHUKa «Akpay, EpeBan, Apmenus

w

Pesome
Hean: Onenutrs 3()(EeKTHBHOCTH HMIUIAHTAIMOHHOTO JIEYEHUS] C IIOMOINBIO KOMIbIOTepHOTO 3DMonenupoBanus u
XHPYPTrHYECKOTr0 MA0I0HA.
Marepunanbl U Metoabl: B nccienoBanne BKmodeHo 148 manmeHTOB, MPOMIETIINX OPTONEANYECKYI0 PEaOMIMTALUIO C
UCIIOJIb30BaHUEM JICHTAIBHBIX MMIUTaHTaTOB B 2017-2022 1. [l nitaHUpOBaHUs ONEpaIly UCTIONb30BAIUCH KOMITBIOTEPHOE
3D-mozienupoBanie U XUpypruueckuii 1madsaoH. J[JIs mpoBEICHUs] CPABHUTENBHOTO aHalW3a pPe3yJIbTaToB JICUSHUs! ObLIH
c(hOpMHUPOBAHHI JBE TPYMIBL B Ipynmy A (BKIIOYWIN 75 MAlWEHTOB, OIepanus 0 TonHOMYy mabioHy), B rpymmy b
(BrimrouMIHM 73 mManuenrTa).
PesyabraThl: (OUIMOKM TOJIOXKEHHs, HAKJIOHA), MPOpacTaHWe B aHATOMHYECKH OMACHBbIE CTPYKTYpbI, uepe3 3 rojia
BbDKUBaeMocThb 97,6%.
VY OonbHBIX Trpynnel b 3aperncTpupoBaHBl MHTpaolepalMOHHbIE OCIOXKHEHHUs: repdopauns memOpansl 4, ommOkd B
MOJIO’KEHUM UMIUTaHTaToB 16, HakinoH uMIutanTaToB 18, denectpamnus 12, gyepes 6 roxa npmwxusaemocts 96,2%.
Cpennsis motepsi MapruHanbHol kocti (MBL) y maumenToB B rpynme b Gbuia 3HaYMTENBHO BBINIC, Y€M Yy MALMEHTOB B
rpymme A (p < 0,05).
B rpynme nanueHToB A cpeiHee BpeMs OIepalid OT MOMEHTA aHECTE3UH JI0 YCTaHOBKH (POPMHUPOBATENS IECHBI COCTABHIIO
10,6 + 2,9 MuH Ha MMIUIAQHTAT, B TpYIIe NalUMeHTOB B cpenHee xupyprudeckoe Bpemsi cocrtaBuino 16,4 + 1,5 muH Ha
MMILIaHTAT.
3akmaouenue: Meron 3D-MoaennupoBaHus U KOHTPOJIUPYEMOE NMO3UIMOHUPOBAHHE MMIUIAHTATa MO3BOJIIOT OCYIIECTBISTH
XUPYPTrUYECKUN TOCTYIN ¢ MUHUMAJIbHOW TPABMOM, COKpalias BpeMs JICUEHUSI U KOJTMYECTBO OCIIOKHEHUH.
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