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ANALYSIS OF THE USE OF ANALOG
AND DIGITAL TECHNOLOGIES
IN ORTHOPEDIC TREATMENT

OF PATIENTS

In the dental practice of an orthopedic doctor, there are
more and more complications after fixing permanent struc-
tures, which is due to the need for digital planning, because
it is at this stage that the doctor, technician and patient
have the parameters of future fixed structures, even before
the stage of tooth preparation. This makes it possible to
plan the preparation, make it sparing and get the desired
result of adapting the neuromuscular and articular com-
plexes to the new occlusal-articulatory ratios of the jaws.
The development of technologies is aimed at the following
steps: early detection of signs of pathology, synchroniza-
tion of modern methods and methods of research and inno-
vative equipment for the manufacture of medical diagnostic
and therapeutic structures, high accuracy of work, saving
the doctor's work time, the maximum digital component of
the process, minimizing manual analog management as
a factor of avoiding the risk of error/ the introduction of
digital technologies has significantly increased the power
that is quantitative, the economic and qualitative perfor-
mance indicators of both dental and technical laboratories
and dental clinics in general have led to a radical change
in the protocols, logistics and organizational interaction of
specialists involved in the process of providing dental care.
Purpose of the work. Improving the effectiveness of ortho-
pedic treatment of patients through clinical and economic
Justification and analysis of the basics of planning a dental
clinic development strategy. Materials and methods. The
1-Scan device of the American company Tekscan makes
it possible to study and analyze various types of dentition
occlusion. The T-Scan computer occlusion analysis system
allows you to collect, systematize and analyze data on the
sequence of contacts, the time of occurrence of the first
contact and its localization, the sequence of occurrence
of contacts in real time, the compression force of dentition
rows for a certain period of time, monitor the change in
occlusal ratios of dentition rows from the first contact to
the maximum interhorbic contact, indirectly talk about the

state of the masticatory muscles. Conclusion. The pro-
posed complex of digital planning of dental treatment is
clinically effective, since after it the patient and doctor are
fully prepared for accurate preparation of teeth and fixa-
tion of permanent fixed structures.

Key words: digital method, analog method, occlusal
ratios, partial tooth loss, occlusion correction.
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AHAJII3 3BACTOCYBAHHSA AHAJIOT'OBUX
1 IU®POBUX TEXHOJIOT'THA TPA
OPTOIIEAUYHOMY JIIKYBAHHI

HHAIIEHTIB

Y cmomamonociunin  npaxmuyi aikaps-opmoneda ece
Oinvuie  3ycmpiuaemvcsi  YCKAAOHeHb nicii  Qikcayil
NOCMIUHUX KOHCMPYKYILl, WO 3VYMOBLEHO HeoOXIOHICHI0
npoeedeHHs Yu@dposo2o NIAAHYBAHHA, MOMY WO came Hd
yvboMy emani y NiKaps, mexuika i nayienma € napamempu
MAnOymHIx He3HIMHUX KOHCMPYKYIL, uje 00 emany npena-
pyeanns 3y6ie. Lle 0ac mooicnugicms cnaianysamu npend-
PYBAHHS, 3p0OUMU 11020 WAOHUM U OMPUMAMU OAX’CAHUL
pe3yromam adanmayii Hepeoeo-m A308020 1 C)210008020
KOMNJIEKCi8 00 HOBUX OKAIO3IUHO-APMUKYIAYIUHUX CNi6-
gionowens wenen. Po3eumox mexuonoziti HanpasieHull
HA HACMYNHI KPOKU. PAHHE BUAGNEHHSA O3HAK NaAmoo-
2il, CUHXPOHI3AYIs CYUACHUX MemoOi8 | Memooux O0Ci-
0diceHHs ma IHHOBAYIIHOT anapamypu Oisi 8U0MOBGIEHHS
JUKYBANbHO-0IA2HOCMUYHUX A TIKYBALbHUX KOHCHPYK-
yill, ucoka MoyHicme pobomu, eKOHOMia dacy pobomu
JUKApsl, MAKCUMATIbHA Yu@dposa cKiadosa npoyecy, MiHi-
Manizayis MaHyaibHO20 AHAL0208020 GEOeHHs, K (Qax-
MOp YHUKHEHHsl PUSUKY NOXUOKU/ 6NPOBAONCEHHS YUPPO-
BUX MEXHONO2I 3HAYHO 30LIbUULIO NOMYICHICIb MOOMO
KiNbKICHI, eKOHOMIYHI Ma AKICHI NOKA3HUKU POOOmMU K
3Y00-mexHiYHUX 1abopamopiiic. max i cmomMamono2iyHux
KIIHIK 8 YoMy [ npu36eno 00 KapOUHAaIbHOi 3MiHU NPOMO-
KOJi8, I02ICMUKU Ma OpeaHizayiiHol 63aemo0ii axieyis,
3a0IAHUX 8 NPOYeC] HAOAHHS CIMOMAMONO02IYHOT OONOMO2U.
Mema pooomu. ITiosuwernns ecpekmusrocmi opmoneouy-
HO20 JIKYB8AHHA NAYIEHMIB WAAXOM KIIHIKO-eKOHOMIYHO20
00IPYHMYBAHHA MA AHALI3Y OCHO8 NAAHY8AHHA cmpame-
2ii’ po3sumxy cmomamonociunoi kiiniku. Mamepianu ma
memoou. Anapam T-Scan amepuxancokoi gipmu Tekscan
0a€e MOJCIUBICIb BUSUUMU | NPOAHANIZY8AMU DI3HI GUOU
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okmo3il 3yonux psadis. Cucmema Komn 10mepHo2o ananizy
oxmosii T-Scan Ooseonse 36upamu, cucmemamusyeamu
i ananizysamu OaHi npo NOCIiO0BHICMb KOHMAKMIG, 4ac
BUHUKHEHHs Nepuio2o KOHMAKmy ma 1o2o 10Kanizayiro,
NOCTIO08HICIb BUHUKHEHHSA KOHMAKMIE 8 Pexcumi pedib-
HO20 4acy, cumy CMUCKaHHA 3VOHUX pAOi6 NPOMA2OM nee-
HO20 BIOPI3KY uacy, npociioKyeamu 3a 3MiHOI OKIIO3L-
HUX CRIBBIOHOUIEHb 3YOHUX PsOi8 8I0 NEPuLo20 KOHMAKNY
00 MAKCUMATBLHO20 MINC2OPOKOBO20 KOHMAKNLY, NOOIYHO
2060pUMU NPO CMAH ACYBANbHOI MycKyramypu. Bucno-
60K. 3anponoHo8anuli KOMniekc Yugposoeo NiaHy8aHHsA
CMOMAMON02IYH020 NUKYB8AHHS € KAIHIYHO eeKmusHUM,
OCKINbKU NICAA HbO2O NAYIEHM [ AIKAP NOBHICMIO 20061
00 mMouHo20 npenapysanus 3y0ie U Qixcayii nocmiuHux
HE3HIMHUX KOHCMPYKYIU.

Knrouosi cnosa: yugpposum memoo, ananocosuti memoo,
OKIIO3IUHI  CNiBBIOHOWIEHHSA, YacmKosd empama 3y0is,
KOpeKyisi OKNI03IL.

Relevance of the topic. In the dental practice
of an orthopedic doctor, there are more and more
complications after fixation of permanent structures,
which is due to the need for digital planning, because
at this stage the doctor, technician and patient have
the parameters of future fixed structures, even before
the stage of tooth preparation.

This makes it possible to plan the preparation,
make it sparing and obtain the desired result of adap-
tation of the neuromuscular and articular complexes to
the new occlusal and articulation relations of the jaws.

Dental care ranks second in the structure of med-
ical care after visits to a family doctor. Diseases of
the oral cavity are among the most common among
the population of both countries of the world and
Ukraine, which, if left untreated, lead not only to
significant problems on the part of various organs
and systems, but also to a deterioration in the quality
of life and to problems in private life and at work.
Dental disease is a medical and social problem that
requires a comprehensive solution.

The development of technologies is aimed at the
following steps: early detection of signs of pathol-
ogy, synchronization of modern research methods
and techniques and innovative equipment for the
manufacture of medical diagnostic and treatment
structures, high accuracy of work, saving the doc-
tor's time, maximum digital component of the pro-
cess, minimization of manual analog management
as a factor in avoiding the risk of error. The need to
develop research work in this area is dictated by the
progressive increase in the number of patients with
crown defects and dentition defects, the lack of effec-
tiveness of traditional treatment of this category of
patients, as well as the need to introduce highly effec-
tive treatment and diagnostic methods in accordance
with modern digital technologies.

The active introduction of digital technologies
into clinical practice, on the one hand, has reduced
the number of errors and minimized the errors made
in the manufacture of fixed structures using the analog
method [Hazhva S.1., 2019], on the other hand, has
significantly increased the requirements for an ortho-
pedic dentist. It requires a fundamental revision of
existing protocols, regulations governing the work of
the orthopedic dental service and quality standards for
the provision of relevant services to the population.

In addition, the introduction of digital technol-
ogies has significantly increased the capacity, i.e.
quantitative, economic and qualitative indicators of
both dental laboratories and dental clinics in general
and has led to a radical change in protocols, logistics
and organizational interaction of specialists involved
in the process of providing dental care.

Today, there are no clearly justified indications
and limits for the use of digital technologies at the
stages of diagnosis, planning and manufacturing of
fixed dentures, depending on the current clinical sit-
uation.

The purpose of the study. Improving the effec-
tiveness of orthopedic treatment of patients through
clinical and economic justification and analysis of the
basics of planning a dental clinic development strategy.

Materials and methods. The T-Scan apparatus of
the American company Tekscan makes it possible to
study and analyze various types of dentition occlu-
sion.

The T-Scan system of computer analysis of occlu-
sion allows you to collect, systematize and analyze
data on the sequence of contacts, the time of the first
contact and its localization, the sequence of contacts
in real time, the force of compression of the dentition
over a certain period of time, to monitor the change
in the occlusal relations of the dentition from the first
contact to the maximum intercuspid contact, and indi-
rectly indicate the state of the masticatory muscles.
The T-Scan recording is similar to a video recording,
as it can be played back unlimitedly. Occlusal forces
are presented in the form of a color scale from blue
(weakest contact) to pink (strongest contact).

Results of the study. Clinical studies of the state
of the dentition were conducted in 54 patients who
applied to the Dental Medical Center of the Bogo-
molets National Medical University, Institute of
Postgraduate Education “Dentistry”” and the Depart-
ment of Prosthetic Dentistry for examination and
prosthetics. Patients from private dental clinics also
participated in our study. They were examined by us
in the period from 2012 to 2023, and a control group
of patients was also studied separately.
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All patients were divided into groups depending
on the type of prosthesis and into a control group.

Patient groups. Examination of patients regarding
the need for a digital protocol in the manufacture of
fixed aesthetic dentures.

Group 1: patients with defects in hard dental
tissues and dentition defects who had veneers and
artificial crowns made according to an analog pro-
tocol (metal ceramics, preskeramics). In this group,
23 patients were studied.

Group 2: patients with defects in hard dental tis-
sues and dentition defects who had bridge prostheses
made according to an analog protocol (metal ceram-
ics, zirconium dioxide). In this group, 31 patients
were studied.

After a detailed examination, diagnosis, and
orthopedic treatment plan, we took a patient's medi-
cal history. Patients were examined according to the
accepted algorithm in accordance with the documen-
tation used in the work of dental institutions, regu-
lated by the order of the Ministry of Health of Ukraine
dated February 14, 2012, No. 110 (form No. 043/0).

“Medical record of a dental patient”.

The study was conducted in the following stages:
1. Before prosthetics. 2. 6 months later.

During the study, among 31 patients, before the
manufacture of permanent fixed prosthetic struc-
tures, temporary structures of bridge-like fixed pros-
theses made by the analog method were made, we
had a complication in 5 patients — an overestimation
of alveolar height (Fig. 1).

On the CT scan we see the contours of the heads
of the articular condyles are clear, even, there is a
flattening of the top of the articular head on the right,
on the left — of normal shape; the articular fossa on
the right has an uneven contour, deepened in the
vertical direction; when examined in the closed-
mouth position, the articular head on the right on the
R-LL 17 section is 2.4 mm below the posterior slope

of the articular tubercle; the contours of the articular
fossa on the left are clear, even, and of regular shape;
in the closed-mouth position on the left, the articular
head is located in the central part of the articular
fossa, on the L-LL 23 sections the height of the
articular gap is 6 mm. (Fig. 2); in section L-LL 26,
the height of the articular gap is 8.4 mm; the distance
from the posterior slope of the articular tubercle to
the articular head is 2.6 mm.

After redefining the central occlusion, new
temporary bridges were fabricated. A CT scan
was also repeated, and after a stable result and no
complaints from the patient, he was prosthetized with
permanent bridges.

During prosthetics in 2 patients of the second
group, at the stages of manufacturing temporary
structures, there was a complication of lowering the
interalveolar height (Fig. 3).

The heads of the articular condyles are of the same
shape; when examined in the closed mouth position,
they are symmetrically located in the articular
fissures, have clear, even contours, emphasized by a
pronounced cortical layer, and compaction of the tops
of the articular heads is noted; the contours of the
articular fossa are clear, even, and of regular shape; on
the right side of section R LL22 in the upper part, the
size of the articular gap to the high point of the fossa
dome is 3.3 mm; the distance from the posterior slope
of'the articular tubercle to the articular head is 2.0 mm;
in the distal part, the width of the gap is 1.2 mm;
on the left side of L LL20 in the upper region, the
size of the articular gap to the high point of the fossa
dome is 3.2 mm; the distance from the posterior
slope of the articular tubercle to the articular head is
2.0 mm; in the distal region, the gap width is 1.2 mm;
when examining the CT scans of the joints in the
axial section R AR20 and L AR20, the distal position
of the joint heads is noted, the articular gap in the
distal region is sharply narrowed to 0.6 mm on the

Fig. 1. CT scan analysis of the temporomandibular joint (TMJ) of a patient born in 1968
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Fig. 2. CT analysis of the patient’s TMJ, born in 1968
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Fig. 3. CT scan analysis of the patient's TMJ, born in 1970

right and 0.9 mm on the left; in the sections R LL29
R LL30, the contact of the head surface with the inner
surface of the fossa in the distal region is noted; on
the left, in the section L LL14 L LL15, the articular
gap is uniform throughout.

After redefining the central occlusion, new
temporary bridges were fabricated. A CT scan
was also repeated, and after a stable result and no
complaints from the patient, he was prosthetized with
permanent bridges.

The heads of the articular condyles are of the same
shape; when examined in the closed mouth position,
they are symmetrically located in the articular
fissures, have clear, even contours, emphasized by
a pronounced cortical layer, compaction of the tops
of the articular heads is noted; the contours of the
articular fossa are clear, even, and of the correct
shape; on the right side of the R LL22 section in the
upper area, the size of the articular gap to the high
point of the fossa dome is 3.3 mm. (Fig. 4).
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The distance from the posterior slope of the
articular tubercle to the articular head is 2.0 mm; in
the distal region, the width of the gap is 1.2 mm; on
the left in the upper section of L LL20, the size of
the articular gap to the high point of the fossa dome
is 3.2 mm; the distance from the posterior slope of
the articular tubercle to the articular head is 2.0 mm,;
in the distal region, the width of the gap is 1.2 mm,;
when considering the CT scan of the joints in the
axial section R AR20 and L AR20, the distal position
of the joint heads is noted, the joint gap in the distal
region is sharply narrowed to 0.6 mm on the right and
0.9 mm on the left; on the sections R LL29 R LL30,
the contact of the head surface with the inner surface
of the fossa in the distal region is noted (Fig. 5); on
the left, in the section L LL14 L LL15, the articular
gap is uniform throughout.

In response to these complications, we have
developed a comprehensive digital approach. The
implementation of which will reduce complications.
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Fig. 4. CT scan analysis of the patient's TMJ, born in
1970

In the dental practice of an orthopedic surgeon, there
are more and more complications after fixation of
permanent structures, which is due to the need for
digital planning, because at this stage, the doctor,
technician and patient have the parameters of
future fixed structures, even before the stage of
tooth preparation. This makes it possible to plan
the preparation, make it gentle and get the desired
result of adaptation of the neuromuscular and joint
complexes to the new occlusal and articulation ratios
of the jaws.

The results of the developed integrated digital
planning are shown in Figures 6-15.

1. Diagnostics.

2. Digital modeling of future temporary structures
in the ExoCad program.

3. 3D printing of models, manufacturing and
fixing of temporary structures.

Stage 1 — Diagnostics

CT scan of the upper and lower jaws and TMJ

CT scan of the upper and lower jaws

The results of the examinations in patients
visualize uniform joint gaps.
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Fig. 5. CT scan analysis of the patient's TMJ, born in
1970

For further prosthetics, the next step was to scan
the lower and upper jaws (Fig. 8) and, without fail,
scan the occlusal surface of the teeth.

The next task for the doctor is to analyze the
diagnostics, then proceed to plastering the upper and
lower models into the articulator (analog method)a

We start digital modeling of the future smile
by modeling temporary structures in the ExoCad
program (Fig. 10 a,b,c).

At the third stage, we printed 3D models, fabricated
and fixed fixed temporary structures (Fig. 11).

After modeling the occlusal and articulation
contacts of the teeth, we transfer them from the 3D
models of the jaws to the patient's oral cavity using
an impression from the model (silicone key) (Fig. 12).

Fig. 13 shows the results of CT and T-Scan scans,
1 month after fixation of the structures, which indicate
the rapid adaptation of the masticatory apparatus to
the new occlusal and articulation surfaces of the teeth
and the new interalveolar height of the patient. The
implementation of this algorithm makes it possible
to obtain individual parameters of future permanent
orthopedic structures.

Fig. 6. CT examination of the joints of the upper and lower jaw of patients
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Fig. 7. CT examination of the joints of the upper and lower jaw of patients (malocclusion)

Fig. 8. Scanning of the lower and upper jaws

Fig. 9 a. Patient's teeth in central occlusion Fig. 9 b. Working in the ExoCad program (Smile Design)
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Fig. 10. New occlusal and articulation relationships of the jaws

Fig. 12. View of the patient’s oral cavity, modeled occlusal and articulation contacts of the teeth
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Fig. 13. Schematic representation of the T-Scan study

Thus, the introduction of comprehensive digital
treatment planning for patients with dental defects
has been proven to be clinically effective. The
advantage of the algorithm is the accuracy and
confidence of the doctor, who is fully prepared for
gentle tooth preparation and fixation of permanent

Tpasiii
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©

fixed structures. The priority of the algorithm
makes it possible to plan prosthetics and obtain
the desired result, and most importantly — rapid
adaptation of the neuromuscular and articular
complexes to new occlusal and articulation
surfaces of the teeth (Fig. 14).

Fig. 14 a. Patient's smile before “Smile Design”

Fig. 14 c. Patient models

Fig. 14 b. Patient's smile during the “Smile Design
program

’

Fig. 14 d. Patient's smile with “Mock-up”
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Conclusions. The conclusions are that the
interalveolar height is too low, which leads to
premature contact of the teeth with their subsequent
overload. Traumatic occlusion occurs. First of all,
changes occur in the periapical area: first, narrowing
of the periodontal gap, then its expansion with the
destruction of the periodontium and the bone of
the alveolar ridge in this area. Such an overload
has practically no effect on the marginal gums.
Their changes occur in the future with significant
destruction of the interdental septa.

Regarding the presence or absence of a ledge,
changes in the marginal periodontium (primarily
gingiva) occur immediately after the crown is fixed.
It is believed that any irregularity between the edge
of the crown (and) the root surface (crown without
a ledge, crown edge larger than the ledge or smaller
than the ledge, etc.) injures the gums, promotes
the accumulation of plaque with the subsequent
development of inflammation of the marginal gums
(gingivitis). If this complication is not eliminated, it
leads to the destruction of periodontal fibers, deep
epithelial growth with the subsequent formation of
a periodontal pocket. This happens quite quickly,
in almost 6-12 months a periodontal pocket can
form, the depth of which depends on the traumatic
factor. All this time, the inflammatory process in
the marginal gums and marginal periodontium is
maintained. There is a lot of evidence that traumatic
occlusion itself has little effect on the development of
the pathological process in this area.

The proposed complex of digital dental treatment
planning is clinically effective, since after it, the
patient and the doctor are fully prepared for precise
tooth preparation and fixation of permanent fixed
structures.

Conflict of interest is absent.
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