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Abstract
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Objective: To evaluate the number, interocclusal distance categories, and spatial distribution of oc-
clusal contacts per subject in Angle Class Il and Class Il malocclusions using digital intraoral mod-
els. Materials and Methods: This exploratory, cross-sectional study evaluated 60 untreated subjects
(30 Class Il, 30 Class Ill). Digital models were obtained via the Medit i600 intraoral scanner, and con-
tact analysis was performed using the Medit Occlusion Analyzer software. Variables represented the
cumulative number of teeth per subject. Data were analyzed using median and interquartile range
(IQR). Intergroup comparisons were performed using Mann—Whitney U tests a = 0.05), with effect
size estimated using rank-biserial correlation (rB). Results: Premolar contacts showed no significant
intergroup differences regarding interocclusal distance (p > 0.05). However, Class Ill subjects exhib-
ited significantly more molar contacts within the 0.050-0.100 mm distance range (p = 0.018). Full-
surface contacts were significantly more frequent in Class Il patients for both premolars (p = 0.002)
and molars (p = 0.007). Class Il subjects also showed a highly significant complete absence of mo-
lar contacts (p < 0.001). Palatal distribution of premolar contacts showed a borderline difference (p
= 0.044), interpreted as a clinical trend. Conclusion: Digital analysis revealed specific patterns in the
interocclusal distance and distribution of occlusal contacts in Angle Class Il and Class Il malocclu-
sions. Intraoral scanning provided objective geometric data that can serve as a valuable adjunct for
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Introduction

Facial aesthetics and smile harmony are closely linked to
both tooth alignment and functional occlusal relationships.”
? Modern orthodontic treatment aims not only to improve
dental and facial aesthetics but also to achieve functional sta-
bility and long-term occlusal balance.** Accurate and precise
evaluation of occlusal contacts is an essential component of
orthodontic diagnosis and treatment planning (5, 6).

Occlusal contacts play a crucial role in the functional
balance of the stomatognathic system, influencing the dis-
tribution of masticatory forces, dental arch stability, and
periodontal health. Altered occlusal contact patterns are fre-
quently associated with sagittal malocclusions, particularly
Angle Class IT and Class I1I malocclusions, where discrepan-
cies in maxillomandibular relationships can lead to uneven
force transmission and compromised intercuspation (2, 7, 8).

Traditionally, the evaluation of occlusal contacts relied
on articulating paper, wax indices, and plaster models. Al-
though these methods are widespread in clinical practice,
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Uvod

Estetika lica i skladan osmijeh usko su povezani s porav-
nanjem zuba i funkcionalnim okluzijskim odnosima (1, 2).
Suvremenom ortodontskom lije¢enju nije cilj samo poboljsa-
ti dentalnu i facijalnu estetiku, nego i posti¢i funkcionalnu
stabilnost i dugoro¢nu okluzijsku ravnotezu (3, 4). To¢na i
precizna procjena okluzijskih kontakata klju¢na je sastavnica
ortodontske dijagnostike i planiranja lije¢enja (5, 6).

Okluzijski kontakti iznimno su vazni u funkcionalnoj
ravnotezi stomatognatnoga sustava i utje¢u na raspodjelu
zvacnih sila, stabilnost zubnih lukova i zdravlje parodonta.
Promijenjeni obrasci okluzijskih kontakata ¢esto su povezani
sa sagitalnim malokluzijama, osobito Angleovim malokluzi-
jama klase II i III kod kojih nerazmjeri u maksilomandibu-
larnim odnosima mogu potaknuti neujednaceni prijenos sila
i narusenu interkuspidaciju (2, 7, 8).

Tradicionalno se procjena okluzijskih kontakata temelji-
la na artikulacijskome papiru, vostanim registratima i gipsa-
nim modelima. lako su te metode ¢este u klinickoj praksi,
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they offer limited qualitative information and are subject to
subjective interpretation by the clinician (9). Furthermore,
they do not allow for precise quantification of the interoc-
clusal distance or their three-dimensional spatial localization
(10-12).

Intraoral scanners represent a significant technologi-
cal advancement that has transformed digital diagnostics in
modern dentistry and orthodontics. These technologies en-
able high-precision acquisition and digital storage of dental
structure data, leading to substantial improvements in diag-
nostic and therapeutic processes. In addition to diagnostics,
the gradual transition toward fully digital workflows in orth-
odontic practice also enables more precise fabrication of re-
movable retention appliances using 3D printing, aimed at
maintaining the long-term stability of orthodontic treatment
outcomes, although further research is still required regarding
their durability under intraoral conditions (13). The precision
of intraoral scanning allows for detailed three-dimensional re-
construction of tooth morphology, while specialized software
platforms provide precise, reproducible, and objective analysis
of occlusal relationships, thereby increasing diagnostic value
(11, 14, 15). These systems enable detailed assessment of the
number of occlusal contacts, interocclusal distance, and spa-
tial distribution across different tooth surfaces (11, 16).

Despite the increasing use of digital occlusal analysis in
orthodontics, data regarding the characteristics of occlusal
contacts in untreated patients with Angle Class II and Class
IIT malocclusions remain limited. Comparative analyses fo-
cusing on the interocclusal distance and spatial distribution
of posterior contacts using intraoral scanning systems are ra-
re. Therefore, the aim of this study was to perform a digital
analysis of the number, interocclusal distance categories, and
spatial distribution of occlusal contacts in patients with An-
gle Class IT and Class III malocclusions, using three-dimen-
sional intraoral models obtained via the Medit i600 scanner
and analyzed using the Medit Occlusion Analyzer software.

Materials and Methods

Study Design and Participants

This exploratory, comparative, cross-sectional study in-
cluded a sample of 60 untreated patients aged 15-20 years.
The participants were divided into two groups according to
the sagittal classification of malocclusions: Angle Class II (n
= 30) and Angle Class III (n = 30). The orthodontic diagno-
sis and allocation of subjects into groups were established ex-
clusively based on a detailed clinical assessment of the Angle
occlusal relationship in the position of maximum intercuspa-
tion, considering the relationships of the first permanent mo-
lars and canines bilaterally.

The study was approved by the Ethics Committee at the
Faculty of Dentistry, “Ss. Cyril and Methodius” Universi-
ty in Skopje, North Macedonia (Approval No. 2024-09-
1984/2) and was conducted in accordance with the Decla-
ration of Helsinki. The reporting of this study followed the
STROBE guidelines. Prior to enrollment, written informed
consent was obtained from all participants or their legal
guardians.

Digitalna analiza okluzalnih kontakata

pruzaju ogranicene kvalitativne informacije i podlozne su su-
bjektivnoj interpretaciji klinicara (9). Nadalje, ne omogucuju
preciznu kvantifikaciju meduceljusne udaljenosti, ni njezinu
trodimenzionalnu prostornu lokalizaciju (10 — 12).

Intraoralni skeneri golem su tehnoloski napredak koji je
promijenio digitalnu dijagnostiku u suvremenoj dentalnoj
medicini i ortodonciji. Ta tehnologija omogucuje visokopre-
cizno prikupljanje i digitalno pohranjivanje podataka o den-
talnim strukturama, $to znatno poboljsava dijagnosticke i te-
rapijske postupke. Uz dijagnostiku, postupni prijelaz prema
potpuno digitalnim radnim procesima u ortodontskoj prak-
si omogucuje i precizniju izradu mobilnih retencijskih na-
prava primjenom 3D ispisa, sa svthom odrzavanja dugoro¢-
ne stabilnosti ishoda ortodontskog lije¢enja, iako su potrebna
daljnja istrazivanja njihove trajnosti u intraoralnim uvjetima
(13). Preciznost intraoralnoga skeniranja omogucuje detalj-
nu trodimenzionalnu rekonstrukciju morfologije zuba, a spe-
cijalizirane softverske platforme preciznu, reproducibilnu i
objektivnu analizu okluzijskih odnosa, ¢ime se povecava di-
jagnosticka vrijednost (11, 14, 15). Ti sustavi omogu¢uju de-
taljnu procjenu broja okluzijskih kontakata, meduceljusne
udaljenosti i prostorne distribucije na razlic¢itim zubnim po-
vrsinama (11, 16).

Unato¢ sve ¢e$¢oj primjeni digitalne okluzijske analize
u ortodonciji, podatci o obiljezjima okluzijskih kontakata
nelijecenih pacijenata s Angleovim malokluzijama klase II
i III i dalje su ograniceni. Rijetke su komparativne analize
usmjerene na meduceljusnu udaljenost i prostornu distribuci-
ju straznjih kontakata primjenom sustava za intraoralno ske-
niranje. Zato je svrha ovog istrazivanja bila obaviti digitalnu
analizu broja, kategorija meduceljusne udaljenosti i prostor-
ne distribucije okluzijskih kontakata kod pacijenata s Angle-
ovim malokluzijama klase IT i III, primjenom trodimenzio-
nalnih intraoralnih modela dobivenih skenerom Medit i600
i analiziranih u softveru Medit Occlusion Analyzer.

Materijali i metode
Dizajn istrazivanja i ispitanici

Ovo eksplorativno, komparativno, presje¢no istrazivanje
obuhvatilo je uzorak od 60 nelije¢enih pacijenata u dobi od
15 do 20 godina. Ispitanici su podijeljeni u dvije skupine pre-
ma sagitalnoj klasifikaciji malokluzija: Angleova klasa II (n
= 30) i Angleova klasa III (n = 30). Ortodontska dijagnoza i
razvrstavanje u skupine temeljili su se isklju¢ivo na detaljnoj
klini¢koj procjeni Angleova okluzijskoga odnosa u polozaju
maksimalne interkuspidacije, uzimaju¢i u obzir odnose pr-
vih trajnih kutnjaka i o¢njaka obostrano.

Istrazivanje je odobrilo Eticko povjerenstvo Stomatolos-
kog fakulteta Sveutilista Sv. Ciril i Metod u Skoplju, Sje-
verna Makedonija (broj odobrenja 2024-09-1984/2) i pro-
vedeno je u skladu s Helsinskom deklaracijom. Izvjestavanje
o istrazivanju provedeno je prema smjernicama STROBE-a.
Prije ukljucivanja u istrazivanje svi su ispitanici, ili njihovi
zakonski skrbnici, potpisali informirani pristanak.

Svi ispitanici imali su potpuno iznikle trajne zube (uz
iznimku tre¢ih kutnjaka koji su iskljuéeni iz analize). U ovoj
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All participants had fully erupted permanent teeth (with
the exception of third molars, which were excluded from
the analysis). In this age group (15-20 years), this typical-
ly coincides with the final stages of skeletal jaw matura-
tion. Although skeletal age was not measured via cephalo-
metric radiographs or hand-wrist radiographs, the age group
was deliberately selected to ensure that the peak of pubertal
growth had passed in the majority of subjects.

Inclusion criteria: subjects aged 15-20 years with a full
permanent dentition, no history of prior orthodontic treat-
ment, absence of craniofacial anomalies, or significant dental
restorations such as extensive composite fillings or inlays that
alter the morphology of the occlusal surface.

Exclusion criteria: temporomandibular disorders, exten-
sive prosthetic restorations, missing posterior teeth, and sys-
temic conditions affecting bone metabolism. To ensure high
clinical homogeneity and eliminate factors that directly in-
fluence the anatomical position of contact points, strict addi-
tional criteria were applied: patients with transversal anom-
alies (posterior crossbite), vertical deviations (open bite), as
well as severe primary dental crowding were eliminated from
the study. Furthermore, patients wearing athletic mouth-
guards were excluded to eliminate potential transient chang-
es in tooth position or neuromuscular adaptations that could
affect the accuracy of the analysis. Finally, third molars were
excluded from the analysis in all subjects due to their fre-
quently atypical morphology and high variability in erup-
tion timing, which could compromise the standardized oc-
clusal measurements.

Procedures and Digital Analysis

Digital impressions of both dental arches were acquired
using an intraoral scanner (Medit i600; Medit Corp., Seoul,
South Korea), operated via the Medit Link software plat-
form. To minimize operator-dependent variability, all scans
were performed by a single experienced operator following
the manufacturer-recommended protocol. Prior to the ini-
tiation of the study, a training and calibration protocol was
conducted on 10 subjects to confirm the intraoperator con-
sistency during scanning. Before commencing the scanning
procedure, each participant was instructed on correct biting
in maximum intercuspation (MIP). The accuracy of the oc-
clusion was visually verified by the operator before and dur-
ing digital recording, and the digital record was compared
with the clinical presentation to ensure precision.

The obtained three-dimensional digital models were ex-
ported in STL format. Subsequently, an occlusal contact
analysis was performed using the Medit Occlusion Analyz-
er software. The digital models were analyzed via automat-
ic software bite registration in maximum intercuspation, and
occlusal contacts were automatically detected based on inter-
occlusal distance values. All automatically mapped contacts
were additionally verified visually by a single examiner to con-
firm accurate software registration. For the purpose of spatial
contact localization, posterior teeth (premolars and molars)
were operationally defined across three anatomical surfaces:
buccal (buccal cusp slopes), palatal/lingual (palatal/lingual
slopes), and occlusal (central fissure and marginal ridges). The

Digital Analysis of Occlusal Contacts .

dobnoj skupini (15 — 20 godina) to se uobic¢ajeno poduda-
ra sa zavr$nim fazama sazrijevanja kostura ¢eljusti. Iako ske-
letna dob nije procijenjena kefalometrijskim snimkama, ni
snimkama $ake i ru¢noga zgloba, dobna je skupina namjerno
odabrana kako bi se osiguralo da je ve¢ini ispitanika ve¢ pro-
$ao vrhunac pubertetskoga rasta.

Kriteriji za uklju¢ivanje: ispitanici u dobi od 15 do 20 go-
dina s potpunom trajnom denticijom, bez prethodnoga or-
todontskoga lije¢enja, bez kraniofacijalnih anomalija ili zna-
¢ajnih dentalnih restauracija poput opseznih kompozitnih
ispuna ili inleja koji mijenjaju morfologiju okluzijske povr-
Sine.

Kriteriji za isklju¢ivanje: temporomandibularni poreme-
¢aji, opsezne proteticke restauracije, nedostatak straznjih zu-
ba i sustavna stanja koja utje¢u na metabolizam kosti. Da bi
se osigurala visoka klinicka homogenost i uklonili ¢imbeni-
ci koji izravno utje¢u na anatomsku poziciju kontaktnih to-
¢aka, primijenjeni su strogi dodatni kriteriji: iz istrazivanja
su iskljuceni pacijenti s transverzalnim anomalijama (straznji
krizni zagriz), vertikalnim odstupanjima (otvoreni zagriz) i
teSkom primarnom dentalnom zbijenos¢u. Nadalje, pacijen-
ti koji su nosili sportske Stitnike za zube iskljuceni su da bi se
uklonile moguce prolazne promjene u polozaju zuba ili ne-
uromuskularne prilagodbe koje bi mogle utjecati na to¢nost
analize. Konacno, tre¢i kutnjaci iskljuceni su iz analize zbog
njihove cesto netipi¢ne morfologije i velike varijabilnosti ti-
jekom nicanja, $to bi moglo ugroziti standardizirana okluzij-
ska mjerenja.

Postupci i digitalna analiza

Digitalni otisci obaju zubnih lukova dobiveni su intrao-
ralnim skenerom (Medit i600; Medit Corp., Seul, Juzna Ko-
reja) kojim se upravljalo putem softverske platforme Medit
Link. Da bi se smanjila varijabilnost ovisna o operateru, sva
je skeniranja obavio jedan iskusni operater prema protokolu
koji je preporucio proizvodac. Prije pocetka istrazivanja 10 is-
pitanika sudjelovalo je u protokolu edukacije i kalibracije da
bi se potvrdila intraoperaterska konzistentnost tijekom skeni-
ranja. Prije pocetka skeniranja svakom je ispitaniku objasnjen
pravilan zagriz u maksimalnoj interkuspidaciji (MIP). Ope-
rater je vizualno provjeravao to¢nost okluzije prije digitalnog
snimanja i tijekom toga postupka, a digitalni zapis usporeden
je s klini¢ckom slikom kako bi se osigurala preciznost.

Dobiveni trodimenzionalni digitalni modeli preneseni su
u STL formatu. Nakon toga analiza okluzijskih kontakata
obavljena je u softveru Medit Occlusion Analyzer. Digital-
ni modeli analizirani su automatskom registracijom zagriza
u maksimalnoj interkuspidaciji, a okluzijski kontakti auto-
matski su detektirani na temelju vrijednosti meduceljusne
udaljenosti. Sve automatski mapirane kontakte dodatno je
vizualno provjerio jedan ispitiva¢ da bi se potvrdila to¢na re-
gistracija s pomocu softvera. Za potrebe prostorne lokalizaci-
je kontakata straznji zubi (pretkutnjaci i kutnjaci) operativno
su definirani na temelju triju anatomskih povr$ina: bukalne
(nagibi bukalnih kvrzica), palatinalne/lingvalne (palatinal-
ni/lingvalni nagibi) i okluzijske (sredi$nja fisura i marginalni
grebeni). Meduéeljusna udaljenost procijenjena je ljestvicom
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Occlusal Contacts in Angle Class II1 Malocclusion

Figure 1 Classification of interocclusal distance categories. The visualization demonstrates the spatial distribution of occlusal contacts based
on the color-coded distance scale (in millimeters) within the Medit Occlusion Analyzer software.

Slika 1. Klasifikacija kategorija meduceljusne udaljenosti; uocava se prostorna distribucija okluzijskih kontakata na temelju ljestvice
udaljenosti oznacene bojama (u milimetrima) unutar softvera Medit Occlusion Analyzer

interocclusal distance was evaluated using a color-coded scale:
contacts within the range of 0.050-0.100 mm, 0.020-0.050
mm, and slightly separated surfaces from -0.050 to -0.020
mm. Contacts within these geometric ranges were considered
clinically relevant and the most stable parameters for differen-
tiation between different malocclusions (Figure 1).

Statistical Analysis

Statistical analysis was performed using JASP software
(version 0.95.4.0). Descriptive statistics were calculated for
the interocclusal distance categories (proximity), localiza-
tion, and distribution of occlusal contacts in the premolar
and molar regions bilaterally. Data were presented as fre-
quencies and percentages for categorical variables, and as me-
dians with interquartile ranges (IQR) for continuous sum-
mary variables.

It is fundamental to emphasize that the statistical unit of
analysis in this study was the patient (N = 60; 30 in Class
I and 30 in Class III). For each individual subject, the pri-
mary data obtained from the Medit software were aggregat-
ed at the patient level. Because the analyzed variables repre-
sent discrete count data (number of teeth ranging from 0 to
4 within the functional pairs per subject) with a pronounced
deviation from a normal distribution, which was confirmed
by the Shapiro-Wilk test (p < 0.001), parametric methods
were inappropriate.

The primary choice for intergroup comparisons between
Angle Class II and Class I1I malocclusions was the non-para-
metric Mann-Whitney U test, performed exclusively on the
summarized data at the patient level. To complement this
analysis and quantify the magnitude of the differences, ef-
fect sizes were estimated using the rank-biserial correlation (\
(r_ {B}\). This entire procedure prevented the risk of pseudo
replication, which would have occurred if individual teeth or
contacts had been treated as independent observations.

Given the exploratory nature of this study and the large
number of comparisons performed across different anatom-
ical zones, contact types, and interocclusal distances, a for-
mal statistical correction for multiple testing (such as Bon-
ferroni) was not applied. Instead, all obtained p-values were

oznac¢enom bojama: kontakti unutar raspona od 0,050 do
0,100 mm, od 0,020 do 0,050 mm te blago odvojene povr-
$ine od 0,050 do 0,020 mm. Kontakti unutar tih geome-
trijskih raspona smatrani su klini¢ki relevantnima i najsta-
bilnijim parametrima za razlikovanje razli¢itih malokluzija

(slika 1.).

Statisti¢ka analiza

Statisticka analiza obavljena je u softveru JASP (verzija
0.95.4.0). Deskriptivna statistika izracunata je za kategorije
meduceljusne udaljenosti (blizina), lokalizaciju i distribuciju
okluzijskih kontakata u regiji kutnjaka i pretkutnjaka obo-
strano. Podatci su prikazani kao frekvencije i postotci za ka-
tegorijske varijable te kao medijani s interkvartilnim rasponi-
ma (IQR) za kontinuirane sazete varijable.

Vazno je istaknuti da je statisticka jedinica analize u
ovom istrazivanju bio pacijent (N = 60; 30 u klasi I i 30 u
klasi III). Za svakoga ispitanika primarni podatci dobiveni
s pomocu softvera Medit agregirani su na razinu pacijenta.
Budud¢i da su analizirane varijable diskretni podatci o broje-
nju (broj zuba od 0 do 4 unutar funkcionalnih parova po is-
pitaniku) s izrazenim odstupanjem od normalne distribucije,
$to je potvrdeno Shapiro-Wilkovim testom (p < 0,001), para-
metrijske metode nisu bile primjerene.

Primarni izbor za usporedbe medu skupinama izmedu
Angleovih malokluzija klase II i III bio je neparametrijski
Mann-Whitneyjev U-test, proveden isklju¢ivo na sazetim
podatcima na razini pacijenta. Kako bi se ta analiza dopu-
nila i kvantificirala veli¢ina razlika, veli¢ina u¢inka procije-
njena je rang-biserijalnom korelacijom (rB). Cijeli je taj po-
stupak sprijecio rizik od pseudoreplikacije koja bi se dogodila
kada bi se pojedinacni zubi ili kontakti tretirali kao neovisne
opazajne jedinice.

S obzirom na eksplorativnu prirodu ovoga istrazivanja i
velik broj usporedbi provedenih za razlicite anatomske zone,
vrste kontakata i meduceljusne udaljenosti, nije primijenjena
formalna korekeija za visestruko testiranje (poput Bonferro-
nijeve korekcije). Umjesto toga sve dobivene p-vrijednosti in-
terpretirane su kao eksplorativne i razmatrane su s oprezom,
pri ¢emu je primarni fokus bio na klini¢koj relevantnosti i
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interpreted as exploratory and were considered with caution,
focusing primarily on the clinical relevance and magnitude
of the differences. The level of statistical significance for all
tests was set at p < 0.05.

Results

Interocclusal Distance of Occlusal Contacts

A statistically significant difference was identified in mo-
lar contacts within the distance range of 0.050-0.100 mm
(U = 2995, p = 0.018), with higher values observed in the
Class I1I group. The effect size demonstrated a moderate dif-
ference (rank-biserial correlation r, = 0.304. No significant
differences were observed regarding the interocclusal dis-
tance of occlusal contacts between Class II and Class 111
subjects for premolars in any distance range, nor for molars
within the 0.020-0.050 mm range (U = 449.0, p = 0.992).
Occlusal contacts in both groups were predominantly locat-
ed in the posterior segments, specifically in the premolar and
molar regions, while minimal contact involvement was noted
in the anterior teeth. This minimal anterior involvement was
consistent across both malocclusion classes. (Table 1)

Digital Analysis of Occlusal Contacts .

veli¢ini razlika. Razina statisticke znacajnosti za sve testove
postavljena je na p < 0,05.

Rezultati

Meduceljusna udaljenost okluzijskih kontakata

Utvrdena je statisticki znacajna razlika u kontaktima
kutnjaka unutar raspona udaljenosti od 0,050 do 0,100 mm
(U =299,5, p = 0,018), pri ¢emu su viSe vrijednosti zabilje-
zene u skupini klase I11. Veli¢ina u¢inka pokazala je umje-
renu razliku (rang-biserijalna korelacija B = 0,304). Nisu
ustanovljene znacajne razlike u meduceljusnoj udaljenosti
okluzijskih kontakata izmedu ispitanika klase II i III za pret-
kutnjake ni u jednom rasponu udaljenosti, kao ni za kutnja-
ke unutar raspona od 0,020 do 0,050 mm (U = 449,0, p =
0,992). Okluzijski kontakti u objema skupinama bili su pre-
tezno smjesteni u straznjim segmentima, to¢nije u regiji kut-
njaka i pretkutnjaka, a minimalna uklju¢enost kontakata za-
biljezena je na prednjim zubima. Ta minimalna ukljucenost
prednjih zuba bila je konzistentna u objema skupinama ma-
lokluzija (tablica 1.).

Table1  Comparison of occlusal contact parameters between Angle Class Il and Class Ill malocclusions.
Tablica 1. Usporedba parametara okluzijskih kontakata izmedu Angleovih malokluzija klase Il'i Il
Occlusal Variable / Parameter Class I Median ~ Class III Median Mann- Effect Size

(Unit: Number of teeth per subject) (IQR) (n=30) (IQR) (n=30) Whitney U p-value (rB)
Interocclusal Distance Categories
Premolars (0.020-0.050 mm) 0.000 (0.750) 0.000 (1.000) 422.0 0.608 0.096
Premolars (0.050—-0.100 mm) 2.500 (2.000) 2.500 (2.000) 407.0 0.506 0.051
Molars (0.020-0.050 mm) 0.000 (0.750) 0.000 (0.000) 449.0 0.992 0.002
Molars (0.050-0.100 mm) 2.000 (4.000) 4.000 (2.000) 299.5 0.018 0.304
Spatial Surface Distribution
Premolars — Buccal 0.000 (1.750) 0.000 (1.750) 464.5 0.807 0.016
Premolars — Palatal 0.000 (1.000) 0.000 (0.000) 558.5 0.044 0.241
Premolars — Occlusal 2.000 (2.000) 2.000 (2.000) 492.5 0.509 0.081
Molars — Buccal 0.000 (0.000) 0.000 (0.000) 429.5 0.661 0.054
Molars — Palatal 0.000 (1.000) 0.000 (0.000) 536.0 0.088 0.286
Molars — Occlusal 2.000 (1.750) 1.000 (2.000) 542.0 0.157 0.237
Distribution by Contact Points
Premolars — 2 contact points 1.000 (2.000) 0.500 (2.000) 456.0 0.930 0.013
Premolars — Complete occlusal surface 2.000 (2.000) 0.000 (0.000) 630.0 0.002 0.400
Premolars — Without any contacts 0.000 (0.000) 0.000 (0.000) 480.5 0.453 0.109
Molars — 2 contact points 0.000 (1.750) 1.500 (2.000) 358.5 0.147 0.213
Molars — Complete occlusal surface 2.000 (1.000) 0.000 (1.000) 622.5 0.007 0.383
Molars — Without any contacts 0.000 (1.000) 0.000 (0.000) 616.5 <0.001 0.370

Note: Data are presented as median and interquartile range (IQR). The statistical unit of analysis is the individual patient (N = 60; n = 30 per
group). For each subject, primary occlusal data were aggregated at the patient level, and the analyzed variables in the rows are defined as the total
cumulative number of teeth per patient (ranging from 0 to 4 within the functional pairs for the premolar and molar regions bilaterally) that meet
specific occlusal criteria. U, Mann-Whitney U test statistic; p, statistical significance (p < 0.05). r,, rank-biserial correlation representing the effect
size for non-parametric comparisons, reported as absolute magnitude. A formal statistical correction for multiple testing was not applied due to the
exploratory nature of the study; all p-values are to be interpreted as exploratory. Statistically significant differences (p < 0.05) are highlighted in
bold. ® Napomena: Podatci su prikazani kao medijan i interkvartilni raspon (IQR). Statisti¢ka jedinica analize je pojedinacni pacijent (N = 60; n =
30 po skupini). Za svakoga ispitanika primarni okluzijski podatci agregirani su na razini pacijenta, a analizirane varijable u redcima definirane su
kao ukupan kumulativni broj zuba po pacijentu (u rasponu od 0 do 4 unutar funkcionalnih parova u regiji pretkutnjaka i kutnjaka obostrano) koji
zadovoljavaju specifiéne okluzijske kriterije. Statistika Mann-Whitneyjeva U-testa; p, statisticka znacajnost (p < 0,05). 1B, rang-biserijalna korelacija
koja pokazuje veli¢inu u¢inka za neparametrijske usporedbe, prikazana je kao apsolutna vrijednost. Formalna statisticka korekcija za visestruko
testiranje nije primijenjena zbog eksplorativne prirode istrazivanja; sve p-vrijednosti treba interpretirati kao eksplorativne. Statisticki znacajne razlike

(p < 0,05) istaknute su podebljanim slovima.
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Spatial Distribution of Occlusal Contacts on Tooth
Surfaces

A statistically significant difference was observed in the
palatal distribution of contacts for premolars (U = 558.5, p =
0.044), with a higher number of affected teeth in the Class
I group. The effect size indicated a moderate difference
(rank-biserial correlation r, = 0.241. The spatial distribution
of occlusal contacts did not differ significantly between the
groups for either premolars or molars in the buccal and oc-

clusal regions (p > 0.05). (Table 1)

Distribution of Occlusal Contacts According to the
Number of Contact Points

Complete occlusal-surface contacts were significantly
more frequent in the Class II group for both premolars (U
= 630, p = 0.002, rank-biserial correlation I, = 0.400) and
molars (U = 622.5, p = 0.007, rank-biserial correlation I, =
0.383 (Table 1).

Additionally, a highly statistically significant difference
was established regarding the complete absence of contacts
in the molar region (U = 616.5, p < 0.001), with this phe-
nomenon being significantly more prevalent among Class
IT subjects, demonstrating a moderate-to-strong effect size
(rank-biserial correlation r, = 0.370) No significant differ-
ences between the groups were observed only regarding two-
point contacts for both premolars and molars, as well as for
the absence of contacts in the premolar region (p > 0.05)

(Table 1).

Discussion

Analysis of occlusal contacts is a fundamental compo-
nent in evaluating occlusal function and stability, particu-
larly in patients with sagittal malocclusions. In the present
study, using an intraoral scanner facilitated an objective and
reproducible assessment, successfully overcoming the inher-
ent limitations associated with traditional qualitative meth-

ods.

Spatial Distribution of Contacts

The spatial analysis demonstrated that occlusal contacts
were predominantly localized within the posterior segments
of the dental arches, exhibiting the highest frequency in the
molar region and lesser involvement in the premolar region,
whereas the anterior teeth displayed minimal contact partic-
ipation. Statistical comparisons between the groups revealed
that most spatial parameters were comparable; only the pala-
tal distribution of contacts for premolars demonstrated a sta-
tistically significant difference. However, since this finding
lies at the borderline of statistical significance and given the
exploratory nature of this study without formal correction
for multiple comparisons, this outcome must be interpreted
with caution and primarily regarded as a clinical trend re-
quiring further validation in larger sample sizes. This subtle
variation, detected through digital analysis, highlights how
specific malocclusion types directly impact the interarch re-
lationship and the resulting localization of contacts.

In comparison with established literature, the predomi-
nance of occlusal contacts within the posterior region aligns

Digitalna analiza okluzalnih kontakata

Prostorna distribucija okluzijskih kontakata na zubnim
povrsinama

Utvrdena je statisticki znacajna razlika u palatinalnoj
distribuciji kontakata na pretkutnjacima (U = 558,35, p =
0,044), pri ¢emu je veéi broj zahvaéenih zuba zabiljezen u
skupini klase II. Veli¢ina u¢inka upucivala je na umjerenu
razliku (rang-biserijalna korelacija rB = 0,241). Prostorna dis-
tribucija okluzijskih kontakata nije se znacajno razlikovala
izmedu skupina ni za pretkutnjake, ni za kutnjake u bukal-
nim i okluzijskim regijama (p > 0,05) (tablica 1.).

Distribucija okluzijskih kontakata prema broju
kontaktnih to¢aka

Kontakti preko cijele okluzijske povrsine bili su znacaj-
no ¢es¢i u skupini klase IT i na pretkutnjacima (U = 630, p
= 0,002, rang-biserijalna korelacija rB = 0,400) i na kutnja-
cima (U = 622,5, p = 0,007, rang-biserijalna korelacija 1B =
0,383) (tablica 1.).

Nadalje, utvrdena je statisticki vrlo znacajna razlika s ob-
zirom na potpunu odsutnost kontakata u regiji kutnjaka (U
= 616,5, p < 0,001), pri ¢emu je ta pojava bila ¢es¢a medu is-
pitanicima klase II, uz umjereno do snazno izrazenu veli¢inu
ucinka (rang-biserijalna korelacija rB = 0,370). Nisu utvrdene
znacajne razlike izmedu skupina samo s obzirom na kontakte
u dvjema tockama za pretkutnjake i kutnjake, ni s obzirom
na odsutnost kontakata u premolarnoj regiji/u regiji pretkut-
njaka (p > 0,05) (tablica 1.).

Rasprava

Analiza okluzijskih kontakata temeljna je sastavnica pro-
cjene okluzijske funkcije i stabilnosti, osobito kod pacijenata
sa sagitalnim malokluzijama. Uspjesno prevladavajuéi inhe-
rentna ogranicenja povezana s tradicionalnim kvalitativnim
metodama, u ovom istrazivanju primjena intraoralnoga ske-
nera omoguila je objektivnu i reproducibilnu procjenu.

Prostorna distribucija kontakata

Prostorna analiza pokazala je da su okluzijski kontak-
ti pretezno lokalizirani unutar straznjih segmenata zubnih
lukova, s najve¢om ucestalo¢u u regiji kutnjaka i manjom
zastupljeno$¢u u regiji pretkutnjaka, a prednji zubi poka-
zivali su minimalnu uklju¢enost kontakara. Statisticke us-
poredbe izmedu skupina pokazale su da je veéina prostor-
nih parametara usporediva; samo je palatinalna distribucija
kontakata na pretkutnjacima pokazala statisticki znacajnu
razliku. No bududi da je ovaj nalaz na granici statisticke
znacajnosti i s obzirom na eksplorativnu prirodu ovog istra-
zivanja bez formalne korekcije za viSestruke usporedbe, taj
ishod treba interpretirati s oprezom i ponajprije ga smatra-
ti klinickim trendom koji zahtijeva daljnju validaciju na ve-
¢im uzorcima. Ova suptilna varijacija, otkrivena digitalnom
analizom, istice kako specifi¢ni tipovi malokluzija izrav-
no utjetu na meduceljusni odnos i posljedi¢nu lokalizaci-
ju kontakata.

U usporedbi s dostupnom literaturom, prevladavanje
okluzijskih kontakata u straznjoj regiji u skladu je s pozna-
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with the recognized biomechanical role of posterior teeth in
mastication and load distribution (17- 20).

Although digital occlusal analyses utilizing the T-Scan
system report that areas of close occlusal proximity are pri-
marily localized in the posterior regions it must be explicitly
emphasized that these methodologies are founded upon en-
tirely different physical parameters (17, 21, 22).

In contrast, patients with Class [T malocclusion exhibited
a unique pattern of posterior occlusal contacts characterized
by a distinct distribution profile (23, 24).

While T-Scan registers dynamic occlusal force, our re-
search is based on a static geometric analysis of clearances;
therefore, any comparisons regarding contact “proximity” or
“clearance ranges” are strictly descriptive and refer to the spa-
tial coincidence of surfaces rather than actual force trans-
mission.

The posterior segments frequently displayed altered or
absent contacts, while occasional compensatory contacts
were noted in the anterior region. These findings can be at-
tributed to the retruded position of the mandible characteris-
tic of Class II malocclusion, which restricts optimal intercus-
pation and compromises functional load distribution (25).

Previous studies have similarly reported reduced stabili-
ty of posterior contacts and increased asymmetry in Class II
malocclusions (26).

Interocclusal Distance of Contacts

Regarding the proximity categories of the contacts, our
findings indicate, that while most contacts in both groups
fell within a physiologically acceptable range (closer distanc-
es), significant differences emerged within the narrow spa-
tial spectrum. No statistically significant intergroup differ-
ences were observed for either premolars or molars within the
0.020-0.050 mm range. However, molars within the 0.050—
0.100 mm range demonstrated a significantly higher cumu-
lative tooth involvement in Class III subjects. In this context,
it is critical to clarify that the concept of contact “proximity”
in our study is strictly defined as a software-generated dis-
tance category (interocclusal clearance in millimeters) rath-
er than a metric for actual occlusal load or bite force. This
tendency toward a greater number of posterior contacts in
the larger clearance category among Class III subjects may
reflect anatomical adaptive mechanisms aimed at achieving
adequate intercuspation in the presence of sagittal discrepan-
cies (18, 27, 28).

These adaptive patterns and spatial tooth alignments are
also strongly influenced by the underlying skeletal character-
istics and individual facial rotation patterns inherent to skel-
etal Class III subjects (29).

This aligns with previous literature reporting that the an-
terior position of the mandible in Class III malocclusions fa-
cilitates a wider and more extensive intercuspal relationship
as a compensatory mechanism (18, 27, 28, 30).

Number and Type of Contact Points

Analysis of the contact types revealed that the pattern
of intercuspal engagement differs substantially between the
two groups. A key finding of this study is that full-surface
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tom biomehani¢kom ulogom straznjih zuba u mastikaciji i
raspodjeli optere¢enja (17 — 20).

lako se u digitalnim okluzijskim analizama koje primje-
njuju sustav T-Scan navodi da su podrugja bliske okluzijske
blizine primarno lokalizirana u straznjim regijama, potrebno
je izricito istaknuti da se te metodologije temelje na potpuno
razli¢itim fizikalnim parametrima (17, 21, 22).

Suprotno tomu, pacijenti s malokluzijom klase II poka-
zali su jedinstveni obrazac straznjih okluzijskih kontakata
karakteriziran specifiénim profilom distribucije (23, 24).

Dok T-Scan registrira dinamicku okluzijsku silu, nase se
istrazivanje temelji na statickoj geometrijskoj analizi razma-
ka; stoga su sve usporedbe koje se odnose na blizinu kontaka-
ta ili raspone razmaka iskljucivo deskriptivne i odnose se na
prostorno podudaranje povrsina, a ne na stvarni prijenos sila.

U straznjim segmentima Cesti su bili promijenjeni ili od-
sutni kontakti, a povremeni kompenzacijski kontakti zabilje-
zeni su u prednjoj regiji. Ti se nalazi mogu pripisati retrudi-
ranom polozaju mandibule karakteristicnom za malokluziju
klase II koji ogranicava optimalnu interkuspidaciju i narusa-
va funkcionalnu raspodjelu optere¢enja (25).

U dosadasnjim istrazivanjima takoder se istice smanjena
stabilnost straznjih kontakata i pove¢ana asimetrija u slu¢aju

malokluzija klase II (26).

Meduceljusna udaljenost kontakata

Kad je rije¢ o kategorijama blizine kontakata, nasi na-
lazi pokazuju da su, iako je ve¢ina kontakata u objema sku-
pinama bila unutar fizioloski prihvatljivoga raspona (manje
udaljenosti), znacajne razlike zabiljezene unutar uskoga pro-
stornoga spektra. Nisu utvrdene statisticki znacajne razlike
izmedu skupina ni za pretkutnjake, ni za kutnjake unutar
raspona od 0,020 do 0,050 mm. No kutnjaci unutar raspo-
na od 0,050 do 0,100 mm pokazali su znacajno ve¢i kumu-
lativni broj zahvaéenih zuba kod ispitanika klase III. U tom
je smislu klju¢no objasniti da je pojam blizine kontakta u
naSem istrazivanju strogo definiran kao softverski generira-
na kategorija udaljenosti (meduceljusni razmak u milimetri-
ma), a ne kao mjera stvarnoga okluzijskog opterecenja ili si-
le zagriza. Ta tendencija veceg broja straznjih kontakata u
kategoriji ve¢eg razmaka medu ispitanicima klase III moze
odrazavati anatomske adaptivne mehanizme usmjerene na
postizanje odgovarajuce interkuspidacije u prisutnosti sagi-
talnih nerazmijera (18, 27, 28).

Na te adaptivne obrasce i prostorni raspored zuba tako-
der snazno utjecu temeljna skeletna obiljezja i individualni
nacini rotacije lica svojstveni ispitanicima sa skeletnom kla-
som III (29).

To je u skladu s dosadasnjom literaturom u kojoj se navo-
di da anteriorni polozaj mandibule u slu¢aju malokluzija kla-
se 11 olaksava Siri i opsezniji interkuspalni odnos kao kom-
penzacijski mehanizam (18, 27, 28, 30).

Broj i vrsta kontaktnih to¢aka

Analiza vrsta kontakata pokazala je da se obrazac inter-
kuspalnoga kontakta znacajno razlikuje izmedu dviju skupi-
na. Klju¢ni nalaz ovog istrazivanja jest da su kontakti pre-
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contacts were significantly more frequent in Class II patients
across both the premolar and molar regions. Conversely, the
complete absence of occlusal contacts for molars was a phe-
nomenon highly characteristic of the Class II group.

These results align with previous literature reporting that
Class I malocclusions are frequently associated with a re-
duced number of posterior contacts and increased occlusal
asymmetry (17, 23, 31).

Such a reduction in posterior stability may directly con-
tribute to an uneven and compromised transmission of oc-

clusal forces (25, 26).

Clinical Significance and Methodological Advantages

Inadequate or poorly localized occlusal loading, such
as that seen in the larger clearance range categories among
Class III subjects or the significant lack of posterior support
in Class II patients, could theoretically be associated with
functional complications. Although this study did not di-
rectly evaluate functional outcomes, the literature suggests
that prolonged or excessive posterior contact involvement
can be discussed as potential contributing factors to the de-
velopment of temporomandibular disorders (TMD), myofas-
cial pain, and fremitus (4, 12).

Furthermore, chronic occlusal trauma and excessive
loading can induce pathological changes in the supporting
periodontal structures (32- 35).

However, given that our research was primarily focused
on static digital analysis and did not include a clinical evalu-
ation of TMD symptoms or acute myofascial pain, these re-
lationships in the context of our results must be interpreted
with caution. The differences in occlusal patterns between
Class IT and Class III groups suggest a specific morphological
adaptation of the stomatognathic system to sagittal discrep-
ancies, but the functional implications of these specificities
remain within the domain of hypotheses that require further
long-term clinical investigations.

The digital occlusal workflow facilitated by the analy-
sis software offers substantial advantages over convention-
al methods, such as articulating paper and plaster models,
which are inherently limited by subjectivity and a lack of
quantitative assessment. Intraoral scanning systems enable
enhanced three-dimensional visualization, high reproduc-
ibility, and objective measurement of clearances, thereby sig-
nificantly improving precision in occlusal contact detection
(36, 37).

Furthermore, with the ongoing advancement of tech-
nology, artificial intelligence (AI) can be integrated into the
analysis of dental crown morphological variations in differ-
ent types of malocclusions for automated assessments, which
could further reduce subjective confounding variables in
clinical evaluations (38).

Previous studies have demonstrated a high level of agree-
ment between digital models and conventional methods,
further supporting their clinical applicability in contempo-
rary practice (35, 36).

It is well-established in the scientific literature that cer-
tain sophisticated digital systems allow for detailed quantita-
tive and temporal assessment of occlusal forces, representing

Digitalna analiza okluzalnih kontakata

ko cijele povrsine bili znacajno ¢es¢i kod pacijenata klase I i
u premolarnoj i u molarnoj regiji. Suprotno tomu, potpuna
odsutnost okluzijskih kontakata na kutnjacima bila je pojava
izrazito karakteristi¢na za skupinu klase II.

Ti su rezultati u skladu s onima u dosadasnjoj literaturi u
kojoj se navodi da su malokluzije klase II ¢esto povezane sa
smanjenim brojem straznjih kontakata i pove¢anom okluzij-
skom asimetrijom (17, 23, 31).

Takvo smanjenje straznje stabilnosti moze izravno prido-
nijeti neujednacenom i narusenom prijenosu okluzijskih si-

la (25, 20).

Klinicko znacenje i metodoloske prednosti

Neodgovarajuée ili nepravilno lokalizirano okluzijsko
opterecenje, poput onoga zabiljezenog u kategorijama veéeg
razmaka medu ispitanicima klase III ili znacajnog nedostat-
ka straznje potpore kod pacijenata klase 11, teoretski bi mo-
glo biti povezano s funkcionalnim komplikacijama. Iako se
u ovom istrazivanju nije izravno procjenjivalo funkcionalne
ishode, literatura upucuje na to da se produljena ili preko-
mjerna ukljucenost straznjih kontakata moze razmatrati kao
potencijalni ¢imbenik koji pridonosi razvoju temporoman-
dibularnih poremecaja (TMD), miofascijalne boli i fremitu-
sa (4, 12).

Nadalje, kroni¢na okluzijska trauma i prekomjerno op-
tereCenje mogu izazvati patoloske promjene potpornih paro-
dontnih struktura (32 — 35).

No s obzirom na to da je nase istrazivanje uglavnom bilo
usmijereno na staticku digitalnu analizu i nije ukljucivalo kli-
nicku procjenu simptoma TMD-a, ni akutne miofascijalne
boli, odnose u kontekstu nasih rezultata treba interpretirati s
oprezom. Razlike u obrascima okluzije izmedu skupina klase
II i 11T upuéuju na specifiénu morfolosku prilagodbu stoma-
tognatnoga sustava na sagitalne nerazmijere, ali funkcional-
ne implikacije tih specificnosti ostaju u domeni hipoteza koje
zahtijevaju daljnja dugoro¢na klinicka istrazivanja.

Digitalni okluzijski radni proces koji omogucuje softver
za analizu pruza znacajne prednosti u usporedbi s konvenci-
onalnim metodama, poput artikulacijskoga papira i gipsanih
modela, koje su inherentno ogranicene subjektivnos¢u i ne-
dostatkom kvantitativne procjene. Sustavi za intraoralno ske-
niranje omogucuju pobolj$anu trodimenzionalnu vizualiza-
ciju, visoku reproducibilnost i objektivno mjerenje razmaka,
¢ime se znacajno poboljsava preciznost detekeije okluzijskih
kontakata (36, 37).

Nadalje, s kontinuiranim napretkom tehnologije, umjet-
na inteligencija (AI) moze se integrirati u analizu varijacija
morfologije dentalnih kruna kod razli¢itih tipova malokluzi-
ja radi automatizirane procjene, $to bi moglo dodatno sma-
njiti subjektivne ¢imbenike koji su izvor pristranosti u klini¢-
kim procjenama (38).

Prethodna istrazivanja pokazala su visok stupanj podu-
darnosti izmedu digitalnih modela i konvencionalnih meto-
da, $to dodatno podupire njihovu klini¢ku primjenjivost u
suvremenoj praksi (35, 36).

U znanstvenoj literaturi dobro je utvrdeno da odredeni
sofisticirani digitalni sustavi omogucuju detaljnu kvantita-
tivou i vremensku procjenu okluzijskih sila, $to je znacajan
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a major advancement in orthodontic diagnostics compared
to traditional qualitative approaches (39-43). However, it
must be clearly differentiated that the method applied in
this study (Medit Occlusion Analyzer) focuses exclusively on
static spatial registration of clearances rather than direct dy-
namic force quantification.

Recent systematic reviews confirm that intraoral scan-
ners possess high reproducibility in identifying occlusal con-
tacts, although caution should be exercised when interpret-
ing the contact proximity categories themselves, treating
these digital findings as a valuable clinical adjunct in the di-
agnostic process (44).

These factors underscore the importance of achieving a
balanced occlusion during orthodontic treatment. Digital
occlusal analysis offers clear advantages over conventional
methods due to its objectivity and capacity for quantitative
evaluation.

Limitations of the Study

Before definitive conclusions can be drawn, several im-
portant limitations of this study must be considered. First,
the research did not include a control group with normal oc-
clusion (Angle Class I), nor did it incorporate an evaluation
of muscle status or long-term functional effects. This limits
the ability to determine whether the registered patterns in
Class II and Class III subjects represent pathological devia-
tions or merely variations within a broad physiological spec-
trum. Second, this is a cross-sectional study utilizing static
digital models, which allows solely for a geometric assess-
ment of interocclusal clearance.

Conclusion

Based on the digital analysis of occlusal contact param-
eters in patients with Angle Class II and Class I1I malocclu-
sions, the following conclusions can be drawn:

Intraoral digital scanning combined with specialized oc-
clusal analysis software provides a reliable, objective, and
clinically applicable method for evaluating occlusal param-
eters, effectively overcoming the inherent subjectivity and
limitations of conventional qualitative approaches.

Significant differences exist regarding the interocclusal
distance of contacts in the molar region, with Class III sub-
jects demonstrating a higher involvement of contacts within
the closer clearance ranges. This suggests specific compensa-
tory mechanisms of structural adaptations in the presence of
sagittal discrepancies.

The pattern of intercuspal engagement differs substan-
tially between the groups; full-surface contacts across both
the premolar and molar regions are significantly more preva-
lent in Class II patients, whereas the complete absence of mo-
lar contacts is also more pronounced within the same group.

The spatial distribution of contacts reveals subtle vari-
ations in the premolar region that should primarily be in-
terpreted as a clinical trend, reflecting the direct influence
of the specific malocclusion type on interarch relationships.

Digital analysis successfully identified distinctive fea-
tures in the proximity and distribution of occlusal contacts
between Angle Class II and Class III malocclusions. Intra-
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napredak u ortodontskoj dijagnostici u usporedbi s tradici-
onalnim kvalitativnim pristupim (39 — 43). Medutim, po-
trebno je jasno razlikovati da se metoda primijenjena u ovom
istrazivanju (Medit Occlusion Analyzer) usredotoc¢uje isklju-
¢ivo na staticku prostornu registraciju razmaka, a ne na izrav-
nu dinamicku kvantifikaciju sila.

Nedavni sustavni pregledi literature potvrduju da intra-
oralni skeneri posjeduju visoku reproducibilnost u identifici-
ranju okluzijskih kontakata, iako je pri interpretaciji samih
kategorija blizine kontakata potreban oprez, pri ¢emu se ovi
digitalni nalazi trebaju smatrati vrijednim dodatkom klini¢-
kom dijagnosti¢kom procesu (44).

Ti ¢imbenici isticu vaZnost postizanja uravnotezene
okluzije tijekom ortodontskog lije¢enja. Digitalna okluzijska
analiza ima jasne prednosti u odnosu prema konvencional-
nim metodama zbog svoje objektivnosti i moguénosti kvan-
titativne procjene.

Ogranicenja istrazivanja

Prije kona¢nih zaklju¢aka potrebno je razmotriti nekoli-
ko vaznih ograni¢enja u ovom istrazivanju. Prvo, istraziva-
nje nije uklju¢ivalo kontrolnu skupinu s normalnom okluzi-
jom (Angleova klasa I), niti je obuhvacalo procjenu statusa
misica ili dugoro¢nih funkcionalnih u¢inaka. To ogranica-
va mogu¢nost utvrdivanja jesu li registrirani obrasci kod is-
pitanika klase IT i III patoloska odstupanja ili samo varijacije
unutar Sirokoga fizioloskog spektra. Drugo, rijec je o presje¢-
nom istrazivanju u kojemu se koriste staticki digitalni mode-
li, $to omogucuje iskljucivo geometrijsku procjenu meduce-
ljusnoga razmaka.

Zakljucak

Na temelju digitalne analize parametara okluzijskih kon-
takata kod pacijenata s Angleovim malokluzijama klase IT i
[T moze se zakljuditi sljedece: digitalno intraoralno skenira-
nje u kombinaciji sa specijaliziranim softverom za okluzij-
sku analizu pruza pouzdanu, objektivnu i klinicki primjenji-
vu metodu za procjenu okluzijskih parametara i uc¢inkovito
prevladava inherentnu subjektivnost i ograni¢enja konven-
cionalnih kvalitativnih pristupa; postoje znacajne razlike u
meduceljusnoj udaljenosti kontakata u regiji kutnjaka, pri
¢emu ispitanici klase I pokazuju ve¢u ukljucenost kontaka-
ta unutar raspona manjeg razmaka; to upucuje na specificne
kompenzacijske mehanizme strukturne prilagodbe u prisut-
nosti sagitalnih nerazmjera; obrazac interkuspalnoga kon-
takta znacajno se razlikuje izmedu skupina; kontakti preko
cijele povrsine, i u regiji pretkutnjaka i kutnjaka, znacajno su
¢es¢i kod pacijenata klase II, a potpuna odsutnost kontakata
kutnjaka takoder je izrazenija u toj skupini
— prostorna distribucija kontakata otkriva suptilne varijaci-

je u premolarnoj regiji koje uglavnom treba interpretirati

kao klini¢ki trend koji odrazava izravan utjecaj specific-
nog tipa malokluzije na meduceljusne odnose.

- digitalna analiza uspjesno je identificirala karakeeristi¢na
obiljezja blizine i distribucije okluzijskih kontakata izme-
du Angleovih malokluzija klase II i I1I; intraoralno ske-
niranje omogucuje dobivanje objektivnih geometrijskih
podataka koji su vrijedan dodatak statickoj okluzijskoj
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oral scanning delivers objective geometric data that serve as
a valuable clinical adjunct in static occlusal evaluation, en-
abling a precise description of the morphological characteris-
tics unique to each malocclusion type.
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Sazetak

Digitalna analiza okluzalnih kontakata

evaluaciji jer omogucuju precizan opis morfoloskih obi-
liezja kontakata jedinstvenih za te specificne tipove malo-
kluzija.
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Zaprimljen: 7. travnja 2026.

Cilj: Procjenjivali su se, primjenom digitalnih intraoralnih modela, broj, kategorije meduceljusne uda-
lienosti i prostorna distribucija okluzijskih kontakata ispitanika s Angleovim malokluzijama klase Il i
IIl. Materijali i metode: U ovom eksplorativnom presjecnom istrazivanju sudjelovalo je 60 nelijecenih
ispitanika (30 klase Il, 30 klase IIl). Digitalni modeli dobiveni su intraoralnim skenerom Medit i600, a
analiza kontakata obavljena je u softveru Medit Occlusion Analyzer. Varijable su oznacavale kumu-
lativni broj zuba po ispitaniku. Podatci su analizirani primjenom medijana i interkvartilnoga raspona
(IQR). Usporedbe izmedu skupina obavljene su Mann-Whitneyjevim U-testom (a = 0,05), uz procjenu
veli¢ine ucinka s pomocu rang-biserijalne korelacije (rB). Rezultati: Kontakti pretkutnjaka (premola-
ra) nisu pokazali znacajne razlike izmedu skupina s obzirom na meduceljusnu udaljenost (p > 0,05).
No ispitanici klase Il imali su znatno vise molarnih kontakata unutar raspona udaljenosti od 0,050
do 0,100 mm (p = 0,018). Kontakti preko cijele povrsine bili su znacajno ¢esci kod ispitanika klase
Il'i na pretkutnjacima (p = 0,002) i na kutnjacima (p = 0,007). Ispitanici klase Il takoder su pokazali
vrlo znadajnu potpunu odsutnost molarnih kontakata (p < 0,001). Palatinalna distribucija kontakata
pretkutnjaka pokazala je grani¢nu razliku (p = 0,044) koja je interpretirana kao klinicki trend. Zaklju-
cak: Digitalna analiza otkriva specificne modele meduceljusne udaljenosti i distribucije okluzijskih
kontakata u slu¢aju Angleovih malokluzija klase Il i lll. Intraoralno skeniranje omogucuje dobivanje
objektivnih geometrijskih podataka koji su vrijedan dodatak individualiziranom planiranju lijecenja.
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