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Comparative analysis of convergence angles in tooth preparations during preclinical training
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The convergence angle, also known as Total Occlusal Convergence (TOC), is a key factor influencing the
retention and resistance of fixed prosthetic restorations and represents the total angle between two
opposing axial surfaces of a prepared tooth (mesial and distal or buccal and oral). The aim of this study was
to determine the convergence angles of acrylic teeth prepared by dental students during preclinical training
andyto compare the obtained values among different tooth groups. Measurements were performed using
the CAD/CAM system ExoCAD through digital analysis of surface inclination relative to the path of insertion,
assessing vestibulo-oral (VO) and mesio-distal (MD) convergence angles in 30 teeth for each tooth group.
The lowest mean values were recorded in canines (VO: 11.13 + 1.31°; MD: 11.53 + 1.85°), while incisors
showed similar values (VO: 12.20 *= 2.01°; MD: 12.10 * 1.83°). Premolars demonstrated higher values
compared to anterior teeth (VO: 17.77 + 3.07°; MD: 19.73 + 3.36°), whereas the highest mean values
were observed in molars (VO: 21.37 + 3.72°; MD: 21.37 + 3.17°). The obtained results indicate that

convergence angles achieved during preclinical training exceed the values recommended in the literature,
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suggesting the need for improved standardization and control of tooth preparation techniques during dental

education.
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Uporedna analiza uglova konvergencije preparisanih zuba na pretklinickim vezbama

Marko Igi¢*2, Marija Dordevi¢t-2, Aleksandra Milovanovic¢?, Milena Kosti¢!-2

lUniverzitet u NisSu, Medicinski fakultet, Katedra Stomatoloska' protetika, Ni8; Srbija

2Klinika za stomatologiju, SluZba za stomatolosku protetiku, Ni$, Srbija

Kontakt: Aleksandra Milovanovié
Bulevar dr Zorana Dindica 52, 18000.Ni$, Srbija

E-mail address: aleksandracmilovanovic98@gmail.com

Ugao konvergencije, poznat i kao ukupna okluzalna konvergencija (Total Occlusal Convergence — TOC),
predstavlja kljucni faktor koji uti¢e na retenciju i rezistenciju fiksnih protetskih nadoknada i definiSe se kao
ukupan_ugao. izmedu dve naspramne aksijalne povrSine preparisanog zuba (mezijalne i distalne ili
vestibularne i oralne). Cilj ovog istraZivanja bio je odredivanje uglova konvergencije akrilatnih zuba
preparisanih od strane studenata stomatologije tokom pretklinicke nastave, kao i poredenje dobijenih
vrednosti izmedu razli¢itih grupa zuba. Merenja su izvrSsena koriS¢enjem CAD/CAM sistema ExoCAD,
digitalneam analizom nagiba povrsina u odnosu na pravac unoSenja, pri ¢emu su procenjivani vestibulo-
oralni"(VO) i mezio-distalni (MD) uglovi konvergencije na 30 zuba u svakoj grupi. Najnize srednje vrednosti
zabelezene su kod ocnjaka (VO: 11,13 + 1,31°; MD: 11,53 + 1,85°), dok su sekuti¢i pokazali slicne
vrednosti (VO: 12,20 + 2,01°; MD: 12,10 + 1,83°). Premolari su imali viSe vrednosti u odnosu na prednje
zube (VO: 17,77 = 3,07°; MD: 19,73 + 3,36°), dok su najviSe srednje vrednosti registrovane kod molara
(VO: 21,37 + 3,72°; MD: 21,37 + 3,17°). Dobijeni rezultati ukazuju da su uglovi konvergencije ostvareni
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tokom pretklinicke nastave veci od vrednosti preporuCenih u literaturi, Sto ukazuje na potrebu za

unapredenjem standardizacije i kontrole tehnike preparacije zuba u okviru stomatoloske edukacije.

Kljucne reci: konvergencioni ugao; preparacija zuba; pretklini¢ka nastava;, CAD/CAM analiza
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Introduction

Artificial crowns, as fixed prosthetic restorations, are fabricated to restore the morphology and function of
damaged tooth structure (fractures, caries, discoloration, and shape alterations), or to serve as abutments

for fixed dental prostheses (bridges) in cases of tooth loss.

Tooth preparation, or grinding, involves the removal of hard dental tissues to create sufficient space for.the
fabrication of an artificial crown. This procedure should be minimally invasive, meaning that only the
necessary amount of tooth structure is removed. The extent of reduction depends on the material used for
crown fabrication (metal alloy, metal-ceramic, or all-ceramic). Regardless of the material, the preparation
design must ensure stable seating of the crown on the abutment tooth during oral function. In didactic
terms, the crown must exhibit optimal retention and resistance. Retention is:defined as the ability of a
crown to resist forces that attempt to dislodge it in a direction. opposite to/ts path of insertion (vertical
forces, e.g., sticky food). Factors affecting retention include the height, surface area, and roughness of the
prepared tooth (directly proportional to these factors), the type of cement, and the taper of the tooth
preparation (1, 2, 3). Good retention is usually accompanied by optimal resistance, which refers to the

ability of a crown to withstand oblique and apical forces that may cause tipping or rotation (4).

For adequate retention and resistance,«the convergence angle, or Total Occlusal Convergence (TOC), is of
great importance. It represents the total angle formed between two opposing axial surfaces of a prepared

tooth (mesial and distal or buccal and oral) (5).

For maximum retention and resistance, ideally, no taper should exist, meaning that opposing walls of the
prepared tooth should be parallel. However, this is not achievable in clinical practice. Theoretically ideal
convergence values are 4-6°, while clinically acceptable values range from 6-12°. Values exceeding 15—
20° significantly ‘reduce retention. In cases of short clinical crowns, the convergence angle should be

smaller, meaning that the axial walls should be more parallel (6, 7, 8).



Convergence is also important as it facilitates clinical procedures, including insertion and removal of the
crown in the patient’'s mouth and in the dental laboratory, prevents undercuts, and allows easier

cementation (9, 10).

The magnitude of TOC depends on the operator’s experience. Literature data indicate that dental students
and young practitioners often produce preparations with convergence angles that may compromise the

retention and resistance of the prosthetic restoration (2, 11, 12).

The aim of this study was to determine the convergence angles of acrylic teeth prepared by.dental students

during preclinical training and to compare the obtained values among different groups’of teeth.

Materials and Methods

Study Design

This study was designed as an analytical, observational study aimed at evaluating the total occlusal
convergence (TOC) angle among different groups of‘teeth. The vestibulo-oral (VO) and mesio-distal (MD)

convergence angles were analyzed in incisors, ¢canines, premolars, and molars.

A total of 30 teeth were analyzed in each group.

Measurement of Convergence Angle

Measurements were carried out using a CAD/CAM system (ExoCAD), through digital analysis of surface
inclinations relative to the preparation axis. For each tooth, two convergence values were determined: VO
and MD. The total occlusal convergence (TOC) angle was calculated as the arithmetic mean of VO and MD

values.

For additional analysis, teeth were categorized into two groups:

e anterior teeth (incisors and canines),

e posterior teeth (premolars and molars).



Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics software, version 30.0 (IBM Corp., Armonk,
NY, USA). Prior to applying parametric tests, data distribution normality was assessed using the Shapiro—
Wilk test. Since the data did not show a statistically significant deviation from normal distribution (p >
0.05), parametric statistical tests were applied. Descriptive statistics included calculation of the mean«(X)
and standard deviation (SD) for VO and MD values within each tooth group. Differences between VO and
MD values within the same group were analyzed using the paired Student’s t-test/ Comparisons of
convergence angles among different tooth groups were performed using one-way"analysis<of variance
(ANOVA). When statistically significant differences were found, post hoc analysis with Bonferroni correction
was conducted to identify intergroup differences. Differences between anterior and posterior teeth were

analyzed using the independent Student’s t-test. The level of statistical significance was set at p < 0.05.

Results

Descriptive statistics of results

The data were initially analyzed using descriptive statistics. Mean values and standard deviations of VO and

MD convergence angles were calculated for each tooth group (Table 1).

Table 1. Descriptive statisticsof VO and MD convergence angle values

Group VO (X SD) | MD (X =+ SD)

Incisors 12.20+ 2.01 | 12.10 + 1.83

Canines 11.23+1.31 | 11.53 +1.85

Premolars | 17.77 = 3.07 | 19.73 = 3.36

Molars 21.37 =+ 3.72 | 21.37 = 3.17




The lowest mean values were observed in canines (VO: 11.13 + 1.31°; MD: 11.53 = 1.85°), while the
highest values were recorded in molars (VO: 21.37 £+ 3.72°; MD: 21.37 + 3.17°). In incisors, the mean
values were 12.20 #+ 2.01° in the VO direction and 12.10 + 1.83° in the MD direction. Premolars showed

higher values compared to anterior teeth (VO: 17.77 = 3.07°; MD: 19.73 * 3.36°).

Comparison between individual tooth groups

One-way analysis of variance (ANOVA) was used to compare convergence angles among different-tooth
groups, revealing a statistically significant difference between groups (p < 0.001). To further identify
intergroup differences, post hoc analysis with Bonferroni correction was performedy and, the results are

graphically presented in Figures 1-4.

Figure 1 presents the mean convergence angle values with 95% confidencehintervals (Cl), with incisors
used as the reference group. Incisors exhibited statistically significantly.lower values compared to premolars
and molars (p < 0.001), while no statistically significant difference was found compared to canines (p >

0.05).
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Figure 1. Post hoc Bonferroni comparison of convergence angles with incisors as the reference group. Mean
values are presented with 95% confidence intervals (Cl). Statistically significant differences are indicated

by an asterisk (p < 0.05).



Figure 2 shows the mean convergence angle values with 95% confidence intervals (Cl), using canines as
the reference group. Canines demonstrated significantly lower values compared to premolars and molars

(p < 0.001), whereas the difference compared to incisors was not statistically significant (p > 0.05).
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Figure 2. Post hoc Bonferroni comparison of total occlusal convergence angles with canines as the reference

group. Mean values are presented with 95% confidence intervals (Cl). Statistically significant differences

are indicated by an asterisk (p < 0.05).

Figure 3 illustrates the mean total occlusal,convergence values with 95% confidence intervals (Cl), with
premolars as the referencesgroup. Premolars showed significantly higher values compared to incisors and

canines (p < 0.001), but'significantly lower values compared to molars (p < 0.05).
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Figure 3. Post hoc Bonferroni comparison of total occlusal convergence angles with premolars as the
reference group. Mean values are presented with 95% confidence intervals (Cl). Statistically significant

differences are indicated by an asterisk (*p < 0.05).

Figure 4 presents the mean total occlusal convergence values with 95% confidence intervals' (Cl), with

molars as the reference group. Molars exhibited significantly higher convergence angle values.compared to

all other tooth groups (p < 0.05).
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Figure 4. Post hoc Bonferroni comparison of total occlusal convergence angles with molars as the reference
group. Mean values are presented with/95% confidence intervals (Cl). Statistically significant differences

are indicated by an asterisk (p < 0.05).

Overall, a progressiveiincrease in convergence angles was observed from anterior to posterior teeth.

Additionally, teeth were grouped into two categories: anterior and posterior. Differences between these

groupsiwere analyzed using the independent Student’s t-test.

Comparison between anterior and posterior teeth

A statistically significant difference was found between anterior and posterior teeth (p < 0.001), with

posterior teeth exhibiting significantly higher convergence angle values (Figure 5).



Figure 5 shows the distribution of mean total occlusal convergence values with 95% confidence intervals
(CI) for anterior and posterior teeth. The analysis demonstrated significantly higher values in posterior teeth

compared to anterior teeth (p < 0.001).
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Figure 5. Comparison of total occlusal convergence angles between anterior and posterior teeth. Mean
values are presented with 95% confidence intervals (Cl). A statistically significant difference between

groups is indicated by an asterisk (p < 0.05).

These findings further confirm therend of increasing convergence angles from anterior to posterior regions.

Discussion

The study was based.on the hypothesis that second-year dental students, when preparing teeth on phantom

models, produceshigher convergence angle values than those reported in the literature .

The, convergence angles of teeth prepared during preclinical exercises were higher than the values
recommended in the literature. The lowest mean values were observed in canines (VO: 11.13 = 1.31°; MD:
11.53,+ 1.85°), while incisors showed similar, slightly higher values (VO: 12.20 + 2.01°; MD: 12.10 *
1.83°). Premolars demonstrated more pronounced convergence angles (VO: 17.77 = 3.07°; MD: 19.73 %

3.36°), whereas the highest mean values were recorded in molars (VO: 21.37 = 3.72°; MD: 21.37 + 3.17°).



A statistically significant difference was confirmed between anterior and posterior teeth (p < 0.001), with

posterior teeth exhibiting significantly higher convergence angles.

These findings may be explained by insufficient control of the parallelism of opposing axial walls during
tooth preparation, as well as the fear that the crown may not seat properly or may not seat properly or may
interfere during insertion. Additionally, limited visual assessment on phantom models—and consequently

intraorally—contributes to these results, which may largely be attributed to operator inexperience.

Experience clearly plays a crucial role in achieving optimal convergence angles. This can be explained by
visual training (the ability to recognize parallelism in three-dimensional space), improved hand control and
bur manipulation (fine motor movements reduce excessive taper), and proper treatment planning
(establishing the path of insertion prior to preparation). Therefore, teaching protecols emphasize the use of
less tapered burs, adherence to theoretical preparation principles, and frequent evaluation of parallelism
using mirrors or silicone indices. Achieving an optimal convergence angle and overall preparation quality

requires continuous training and skill development.

Previous studies have also investigated the visual'assessment of convergence angles to determine whether
clinical experience influences the clinician’s ability to evaluate preparation quality and predict the long-term
success of prosthetic therapy. Nick et al. demonstrated that both dental students and faculty have limited
accuracy in estimating total occlusal convergence, with considerable variability in their assessments (13).
Strain et al. reported a significant difference between inexperienced individuals and those with experience
in fixed prosthodontics in their ability to visually assess total occlusal convergence (14). In contrast, Mays
et al. found thatstudents and instructors demonstrated similar accuracy, with both groups being less precise

when assessing larger convergence angles compared to smaller ones (15).

A more accurate »and reliable assessment of convergence angles can be achieved using CAD/CAM
(Computer-Aided Design/Computer-Aided Manufacturing) systems, particularly when aiming to reduce
subjectivity associated with visual evaluation and obtain quantitative data. Digital models allow simulation
of different convergence angles and assessment of their impact on crown retention and stability prior to
fabrication. CAD/CAM systems can also be utilized in dental education, enabling students to visually compare

their preparations with ideal convergence values, thereby enhancing learning and improving precision. Using



laboratory or intraoral scanners, a 3D CAD model of each preparation is generated, and specialized software
automatically measures the angle between axial walls and the tooth axis (TOC) in both buccolingual and

mesiodistal directions (15, 16). This methodology was also applied in the present study.

A study conducted by Yoon et al. at the Harvard School of Dental Medicine demonstrated significant evidence
of excessive convergence angles compared to ideal values across three different tooth types (incisor,
premolar, and molar) and four planes (12.7-19.1°). Molar preparations showed the highest mean
convergence values, while incisor preparations in the mesiodistal direction were within optimal ranges (4.1—

8.0°) (17).

Comparative analysis of convergence angles across three universities in the United States, Egypt, and Saudi
Arabia revealed the highest mean convergence values in buccolingual measurements among Egyptian
students (19.8 = 10.0°) and the lowest mean values in mesiodistal measurements among Saudi students

(14.1 = 3.8°). These values significantly deviated from the recommended range of 4-12° (18).

Marghalani reported that the mean convergence angles achieved by students ranged between 10.16° and
11.46°, with only a few students reaching idealwalues. No significant differences were observed between

male and female students in buccolingual and mesiodistal convergence angles (19).

A systematic review investigating convergence angle values achieved by dental students during crown
preparation analyzed studies,from multiple databases, including Medline, Embase, Web of Knowledge,
Cochrane Library, British'Dental Journal, and the Journal of the American Dental Association. Twelve studies
from 11 countries (published between 1978 and 2014) were included, encompassing 2,306 preparations.
The results indicated, that students generally failed to achieve ideal convergence angles (4°-14%) but

produced clinically“acceptable values (10°-20°) (20).

Rafeekyet al. reported mean mesiodistal convergence angles of 20.3 + 11.3° and buccolingual angles of

18.3 = 8.5° in a study conducted at a university in Jamaica (21).

A study conducted in the United Kingdom reported mean buccolingual convergence angles of 19.6° + 11.7

and mesiodistal angles of 17.8° + 11.1. The lowest values were observed in canines, and the highest in



molars. Clinically acceptable angles (10—20°) were achieved in 30% of buccolingual and 40% of mesiodistal

preparations (22).

When compared with studies evaluating convergence angles in preparations performed by 154 dentists in
private practice in Dubai, dental students demonstrated greater precision. The mean mesiodistal
convergence angle was 24.6° + 11.8°, and the mean buccolingual angle was 32.6° + 15.3°, with an overall
TOC of 28.6°. Both buccolingual and mesiodistal angles significantly exceeded clinically acceptable values

(10°-22°). The lowest TOC values were recorded in premolars (23).

This study is limited by its in vitro design and the use of acrylic teeth, which may notfully,replicate clinical
conditions, as well as by the absence of factors such as saliva, patient movement, and intraoral visibility

constraints.

Conclusion

Convergence angles of teeth prepared during preclinical exercises were higher than the values
recommended in the literature. The lowest mean values were recorded in canines and incisors, while the
highest angles were observed in molars, followedfby premolars. A statistically significant difference was
confirmed between anterior and posterior teeth, with posterior teeth exhibiting more pronounced
convergence angles. These findings_suggest that controlling the inclination of axial walls is more challenging
in posterior teeth and that.greater precision’in tooth preparation is achieved with increasing clinical
experience. These findings highlight the need for improved training protocols and objective assessment

methods in preclinical dental education.
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