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Principles of Categorization of Criteria for Assessing
the Quality of Fixed Orthopedic Structures in Dynamics

Introduction. Over the past decade, the population's need for prosthetic dental care has increased significantly, driven by the high
prevalence of included dentition defects, which in some regions of Ukraine exceeds 100%. Few scientific studies have focused on the expert
assessment of the quality of fixed orthopedic restorative structures in dynamics to objectively evaluate their condition.

Aim. To categorize the criteria for the successful functioning of fixed orthopedic structures in dynamics by applying the developed
algorithm of dispensary supervision.

Materials and Methods. Spearman's correlation analysis and cluster analysis were employed for statistical analysis. The clustering
results were visualized as a dendrogram, with Euclidean distances calculated using the traditional distance formula. Results. To effectively
and objectively monitor the condition of fixed restorations, an algorithm for examining patients was proposed, which included: 1. Patient
questionnaire. 2. Professional examination by a dentist (dentist questionnaire). 3. Instrumental assessment of fixed restorations' mobility using
a modified frequency resonance analysis method. 4. Additional diagnostic methods, particularly radiographic (X-ray) diagnostics.

Conclusion. In ranking diagnostic clusters to differentiate cement fixation disorders of fixed orthopedic structures of different types,
clinically significant diagnostic clusters were identified, and the statistical significance of each was established.

Key words: prosthetic dentistry, fixed orthopedic structures, inlays, bridges, single crowns, loss of cement fixation of fixed orthopedic
structures, dispensary supervision, statistical ranking.
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IIpuHOMNU KaTeropu3amii KpUTEPiiB OLIHKY AKOCTI
HEe3HIMHHUX OPTONEAUYHUX KOHCTPYKUi B INHAMIL

Bertyn. 3a ocraHHE fecsATHPIYYS CYTTEBO 3pocia MOTpeda HACENECHHS B OPTONEANYHOMY CTOMATOJIOTIYHOMY JIIKyBaHHI, YOMY CIIpHSE
BIICOKA TOIIMPEHICTh BKIIIOUCHHX Je()eKTiB 3yOHNX PAAiB, KA B OKPEMHUX perioHax Ykpainm csrae nonan 100%. ExcrieprHiit oninmi sSKocTi
HE3HIMHHX OPTONEIUYHHX BiTHOBIIOBAJIFHUX KOHCTPYKIIH B TMHAMIL 3 METOIO 00'€KTHBI3aLI{ CTaHy IPUCBIYCHO HE3HAYHA KITIbKICTh HAyKO-
BUX JIOCIiKEHHSL.

Merta — xareropm3alisi KpUTEpiiB YCIMIITHOCTI (GYHKIIOHYBAHHS HE3HIMHUX OPTOIEANYHIX KOHCTPYKIIH B TUHAMIII, IIUITXOM 3aCTOCY-
BaHHS PO3POOJICHOr0 AITOPUTMY AMCIIAHCEPHOTO HAIISY.
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Marepiajau Ta Meroau. [ MPOBEAECHHS CTATHCTHYHOTO aHANI3y 3aCTOCOBYBATH METOIM Kopesiiiiioro aHamizy CripMeHa Ta METOX
KJIaCTepHOro aHami3y. Pesynbrar kiactepusawii BidyanisyBain y BUDIAAI ASHAPOrpaMu 3 00paxyBaHHSM €BKJIIZOBHX BifcTaHei — popmyna

TPaJUIIHHOT BiICTaHI MK IBOMa TOUKAMH.

Pe3ynbraru. {1 eheKTHBHOTO 00'€KTHBHOTO MOHITOPHHI'Y CTaHY HE3HIMHHX BiIHOBJIOBAJIbHUX KOHCTPYKIIiH 3aIIPOIIOHOBAHO alrOPUTM
00CTe)KEHHS TALliEHTIB, KOTPHUIA BKII0oYaB: 1. AHKeTyBaHHs nanieHTiB. (AHKeTa 11 nanienTa); 2. GaxoBuii orisa ctoMaTonoroM. (AHKeTa At
cTomaronora); 3. AnapaTHa nepeBipka pyXOMOCTi He3HIMHHUX BiJHOBITIOBAIBHUX KOHCTPYKIIH i3 3aCTOCYBaHHSM aJIalITOBAHOT OPUTiHAIBHOT
METOIHMKH YaCTOTHO-PE30HAHCHOTO aHami3y; 4. JlomaTKoBi METON AIarHOCTHKH, 30KpEMa IPOMEHEB1 (PEHTICHAIarHOCTHKA).

BucHoBok. [Ipu pamxyBaHHI [iarHOCTUYHUX KIacTepiB A AudepeHuianii BUnaaKis mopyueHHs HeMeHTHOT (ikcamil He3HIMHUX OpTO-
HeAMYHUX KOHCTPYKIIH Pi3HUX BHAIB HAMU BHOKpEMJIEHI KIIIHIYHO-3HAYYIIi {IaTHOCTUYHI KJIaCTepH Ta BCTAHOBJIEHA CTAaTHCTHYHA BAPTiCTh

KOXXHOTI'0 KJ1acTepa.

Kitio4oBi c;10Ba: oproneanyHa CTOMATONOTIs, HE3HIMHI OPTONEANYHI KOHCTPYKIIH, BKJIAJKH, MOCTOIO/iIOHI IPOTE3H, OANHOYHI KOPOH-
KH, BTpaTa [leMeHTHOI (hikcallil He3HIMHUX OPTOMEAMYHIX KOHCTPYKIIIH, JUCTIAHCEPHHIT HATIS, CTATHCTHYHE PAH)KYBaHHS.

Introduction. A retrospective analysis has shown that
over the past decade, the need for orthopedic dental treatment
has increased significantly. This is due to the high prevalence
of included dentition defects, which in some regions of
Ukraine reach almost 100% [1, 2]. Prosthetics with fixed
denture structures have several advantages: they ensure
complete rehabilitation of the biting function, characterized
by a physiological method of chewing load transfer,
and a high degree of restoration of chewing efficiency.
Additionally, they ensure the aesthetic norm of a smile and
white-pink aesthetics, with a short period of psychological
and physiological adaptation for the patient [3, 4].

The evaluation of the functioning of fixed structures
typically involves a dentist's examination, which includes
a visual assessment of the structure, evaluation of chipped
veneer material, changes in the bite, the presence of
structural mobility, as well as gum inflammation. In
some cases, X-ray diagnosis of root or crown caries,
which support the fixed orthopedic structure, may also be
conducted [5].

A limited number of scientific studies have been
dedicated to the expert assessment of the quality of fixed
orthopedic restorative structures over time, to objectify
their condition. This area has not been thoroughly explored,
making it an urgent and timely scientific task [6].

The aim of this study is to categorize the criteria for the
successful functioning of fixed orthopedic structures over
time by applying a developed algorithm for dispensary
supervision.

Materials and Methods. The methods of correlation
and cluster analysis were used for statistical analysis.
Method of Correlation Analysis: Spearman's rank
correlation coefficient is a non-parametric criterion for the
relationship between two variables. It assesses how well
the relationship between two variables can be described,
even if the relationship is not linear. The correlation
coefficient, g, ranges from -1 to 1. If g < 1, the Spearman
correlation coefficient is positive; if -1 < g < 0, the
Spearman correlation coefficient is negative. At a g value of
+0.7-0.9, with p (statistical significance), there is a strong
relationship; at g = £0.5-0.7, with p, there is an average
level of relationship; and at g = £0.1-0.4, there is a weak
relationship. A Spearman's coefficient of zero indicates
no correlation. Cluster Analysis Method: This method
organizes the studied factors (attributes) into relatively
homogeneous groups or clusters. It is a part of multivariate
statistics. The primary purpose of cluster analysis is to
identify groups of similar objects within the sample.
Objects can be grouped in different ways, and in this study,
the hierarchical clustering method, the nearest neighbor

method of single connection, and the Euclidean distance
method were used. The clustering result can be visualized
as a dendrogram. The Euclidean distance formula calculates
the traditional distance between two points [7—12].

Results and Discussion. The quality assessment of fixed
orthopedic structures was carried out in stages. Initially, an
anamnesis was taken, which included an assessment of
patient complaints, such as the presence of micromobility
or vertical mobility of the structure, an unpleasant odor that
worsens when chewing, and pain (Patient Questionnaire).

A questionnaire for the patient:

Mobility of the structure:

* Yes

* Vertical mobility is felt

* None

Unpleasant odor:

* Yes

* Yes, it increases during chewing
* None

Presence of painful sensations:

* Absent

* Discomfort when chewing

* Periodic pain when chewing

* Constant aching pain

The design is in the way and its presence in the
mouth is annoying:

* Yes

* No

+ Partially, periodically

The next step was a visual inspection of the structure
by a dentist to detect chips in the facing material, changes
in the bite, the presence of structural mobility, and various
forms of gingivitis (hypertrophic, fibrous).

Questionnaire for the dentist:

Visual inspection of the fixed structure includes:

* Aesthetic component

* Color matching

* Harmony of colors

* Matching the color shade

* Customized color saturation

+ Individual anatomical features of the teeth

+ Architectonics of the neck area

+ Reproduction of anatomical shape

* Correspondence of the crown equator

* Playback of contact points

* Matching analogues on the opposite side of the jaw

* Age-appropriate teeth shape

* Matching the shape of the face

* Matching of cutting edges and chewing surfaces

* Evaluation of the functioning
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» Condition of the flushing space

» Position of the crown edge in the gingival sulcus

» The presence of continuous contact of the dentition

» Condition of occlusal contacts

» Contact of the crown edge with the tooth stump in
the cervical area

* Surface quality of structures

* Roughness of the surface

* Matching gloss

* Porosity of the structure

» Presence of surface defects

* Condition of the crown margin in the cervical area
(violation of integrity)

An important stage in checking the stability and quality
ofa fixed orthopedic structure is the hardware verification of
its mobility using an adapted original method of frequency
resonance analysis [13].

In the case of restoration of destroyed hard tissues of
the tooth with intra-root cast stump inlays, radiological
diagnosis of the condition of the tooth root is mandatory
to diagnose the presence of root or crown caries, which
support a fixed orthopedic structure. Therefore, to monitor
the condition of fixed restorative structures, an algorithm
for examining patients was proposed, which included:

1. Patient questionnaire (questionnaire for
patient) — Cluster 1

2. Professional examination by a dentist (questionnaire
for the dentist) — Cluster 2

3. Hardware check of the mobility of fixed restorative
structures using an adapted original method of frequency
resonance analysis — Cluster 3

4. Additional diagnostic methods, including radiation —
Cluster 4

When ranking the diagnostic clusters to differentiate cases
of cement fixation disorders of fixed orthopedic structures
of various types, clinically significant diagnostic clusters
were identified, and the statistical value of each cluster was
established. In each clinical case, the statistical significance of
each of the four diagnostic clusters for diagnosis and treatment
plans will vary. At the same time, Cluster 2 — examination by
a doctor — is a priority in most clinical cases.

The following orthopedic restorative structures were
selected for analysis:

1. Restorative inlays

2. Single metal-ceramic crowns

3. Metal-ceramic bridges

4. Single all-ceramic crowns

the

5. All-ceramic bridge prostheses

6. Intra-root cast stub inlays

Description of the evaluation of structures by
clusters.

Diagnostic cluster 1 includes anamnesis and subjective
data of patients based on the analysis of the developed
questionnaire for patients (Table 1).

The overall assessment of the condition of the structure
in diagnostic cluster 1 was assessed as follows: for each
positive answer regarding discomfort, dissatisfaction
with the structure in the patient, 1 point was assigned
to his answer. Thus, answers such as no, no, or negative
were given 0 points, and any other positive answer was
given 1 point. For example: as a result of the patient's
survey, according to the results of his answer, 3 points
were obtained in cluster 1 — the design requires additional
examination (Table 2).

If the patient responds positively to all items, the
maximum number of points for the cluster is 4. In the
case of negative answers, the total number of points is
0, which indicates the full functioning of the structure.
If up to 75% of the symptoms are rated as "no" (absent),
the total number of points is 1-2, suggesting that the
functioning of the structure requires additional examina-
tion. In the case of 100% "yes" (present) answers, the
total number of points is 3—4, indicating that the struc-
ture needs to be replaced.

As a result of the statistical analysis, the following pat-
terns were established: a strong correlation was observed
between the presence of odor and discomfort during chew-
ing (r=0.76; p=0.05), as well as between odor and pain dur-
ing chewing (r=0.87; p=0.05). The correlation indices also
showed a moderate relationship between the symptoms of
vertical tooth mobility and the presence of constant, aching
pain (r=0.69; p=0.05).

Diagnostic cluster 2 was based on an objective dental
examination by a dentist based on a questionnaire for the
dentist. The cluster included an assessment of three compo-
nents: aesthetic appearance, structural function, and struc-
tural surface quality.

The aesthetic component was evaluated according to
the criteria listed in Table 3: for each answer of "no" out of
the proposed "meets" or "does not meet" regarding discom-
fort, dissatisfaction with the design, 1 point was assigned
to the answer.

The maximum possible number of points for an aes-
thetic complete design mismatch is 13 points.

Table 1
Indicators of subjective data of patients, cluster 1
Symptom Cluster 1. Movability of the structure (1)

Interpretation No | Present | You can feel the vertical movement | -
Symptom Cluster 1. Unpleasant odor (2)
Interpretation No | Present | Yes, reinforced during chewing | -
Symptom Cluster 1. The design gets in the way, the presence in the mouth is annoying (3)
Interpretation No. | Yes. | Partially, periodically | -
Symptom Cluster 1. Presence of pain (4)
Interpretation No DlSCOH’lfOFt when Periodic pain when chewing Constant pain,

chewing aching
Evaluation of the answer 0 points 1 point 1 point 1 point
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If the patient receives a score of 0, the structure is
functioning properly; with a score of 1-8, the doctor and
patient decide whether to replace the structure, as the
aesthetic component may have different meanings for each
patient.

For example, the color matching of the anterior teeth
may be critical, requiring replacement, and, accordingly, if
the color of the structure on the posterior teeth does not
match, it may be acceptable to continue using the structure.

Accordingly, if the design mismatch is indicated in
the range of 9—13 points, replacement of the prosthetic
structure is recommended.

Assessment of the functioning of the structure. The
criteria for assessing the functioning of fixed orthopedic
restorative structures and their interpretation are given in
Table 4.

Scoring: each answer of the proposed "Corresponds"
or "Saved" in relation to the presented parameters was
assigned a score of 0 points. The answer "no" was evaluated
at 1 point.

The maximum possible number of points is 5. If
the patient receives a score of 0, the functioning of
the prosthetic structure does not require correction;
1-2 points — the functioning of the structure requires

Table 2

Example of patient's answers

Symptom Cluster 1. Movability of the structure (1)

Interpretation No Present You can feel the vertical movement -

Points. 0 points 1 point 1 point -

Symptom Cluster 1. Unpleasant odor (2)

Interpretation No Present Yes, reinforced during chewing -

Points. No, 0 points Yes, 1 point No, 0 points

Symptom Cluster 1. The design gets in the way, the presence in the mouth is annoying (3)

Interpretation No. Yes. Partially, periodically -

Number of points No, 0 points No, 0 points Yes, 1 point -

Symptom Cluster 1. Presence of pain (4)

Interpretation No Discomfort when chewing Periodic pain when chewing Constant pain, aching

Points. No, 0 points Yes, 1 point No, 0 points No, 0 points

The sum of points 0 points 2 points 1 point 0 points
Table 3

Indicators for assessing the aesthetic component of fixed orthopedic restorative structures
Parameters Compliance

1. Color matching Answer. No.

2. Harmony of colors Answer. No.

3. Matching the color shade Answer. No.

4. Individual color saturation Answer. No.

5. Individual anatomical features of your own teeth Answer. No.

6. Architectonics of the neck area Saved No.

7. Reproduction of anatomical shape Recreated No.

8. Correspondence of the crown equator Answer. No.

9. Playback of contact points Answer. No.

10. Correspondence to analogues on the opposite side of the jaw Answer. No.

11. Age appropriate teeth shape Answer. No.

12. Matching the shape of the face Answer. No.

13. Compliance of cutting edges and chewing surfaces. Answer. No.

Evaluation of the answer 0 points 1 point
Table 4

Indicators for assessing the functioning of fixed orthopedic restorative structures
Parameters Compliance

1. Condition of the flushing space Answer. No.

2. Position of the crown edge in the gingival sulcus Answer. No.

3. The presence of continuous contact of the dentition Saved No.

4. Condition of occlusal contacts Answer. No.

5. Contact of the crown edge with the tooth stump in the cervical region Saved No.

Assessment. 0 points 1 point
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additional examination; 3—5 points — the structure needs
to be replaced.

Assessment of surface quality. The criteria for
assessing the surface quality of fixed orthopedic restorations
and their interpretation are given in Table 5.

Scoring: For each answer from the proposed options
"Corresponds,” "Smooth," "Porous," '"Present," or
"Preserved" regarding the quality of the structure's surface,
a score of 0 points was assigned. The answer "no" was
evaluated at 1 point. The maximum possible number of
points for assessing the functioning of a structure is 5.
Indicators of 0—1 points correspond to the full functioning
of the structure; 2—4 points indicate the need for additional
surveys; and 4-5 points suggest that the structure needs to
be replaced.

In cases where parameters 1-3 (gloss, roughness,
porosity) are assessed negatively (1 point), the structure
requires further monitoring. If parameters 4 (presence of
surface defects) and 5 (violation of the integrity of the

crown edge in the cervical area) are negatively assessed,
replacement of the structure is recommended.

A strong correlation was found between the presence of
surface defects and impaired smoothness, gloss, or porosity
(r=0.87; p< 0.05).

Diagnostic cluster 3 includes data from hardware
testing of the mobility of fixed restorative structures
using an adapted original frequency resonance analysis
technique. The results were presented in digital ISQ indices
in the range of 1-100, with higher values indicating higher
stability. The interpretation of the indicators is given in
Table 6.

Diagnostic cluster 4 is based on the data from radiation
methods for studying the violation of fixation of fixed
restorative structures. Two answers are possible: "yes" (no
retention loss) or "no" (there are retention loss).

For all other diagnostic signs related to the condition
of fixed orthopedic structures, this cluster serves as
additional confirmation or refutation of the results

Table 5
Indicators for assessing the surface quality of fixed orthopedic restorative structures
Parameters Answer No.

1. Roughness of the surface Smooth No.

2. Matching gloss Answer. No.

3. Porosity of the structure Porous No.

4. Presence of surface defects Available No.

5. Condition of the crown margin in the cervical area (violation of integrity) Saved No.

Assessment. 0 points 1 point
Table 6

Data on the hardware check of the mobility of fixed restorative structures
ISQ indicators Interpretation Algorithm of action

100-90 The fixation is fully preserved -

90-70 Loss of fixation > 30% additional examinations

70-55 Loss of fixation in the range of 30-50% additional examinations, possible replacement

55-45 Loss of fixation in the range of 50-75% replacement is recommended

45-25 Loss of fixation > 75% needs to be replaced

<25 Complete loss of fixation replacement

from the previous diagnostic clusters, which assess the
structure's condition. In many clinical cases, this cluster
is an auxiliary diagnostic tool.

Conclusion. For effective objective monitoring of the
condition of fixed restorations, an algorithm for examining
patients was proposed, which included:

1. Patient questionnaire (patient questionnaire)

2. Professional examination by a dentist (dentist
questionnaire)

3. Instrumental check of the mobility of fixed
restorative structures using an adapted original method
of frequency resonance analysis Additional diagnostic
methods, including radiation (X-ray diagnostics)

In the process of ranking diagnostic clusters to
differentiate cases of cement fixation disorders in various
types of fixed orthopedic structures, we identified clinically
significant diagnostic clusters and established the statistical
value of each cluster.
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