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ABSTRACT

Background and objectives: Achieving optimal axial taper and occlusal convergence in crown preparations is a
crucial concern among dental students. Proper preparation design is essential for the long-term success of full-
coverage restorations. This study aimed to evaluate the convergence angles and axial taper achieved by dental students
in their crown preparations. Methods. A total of 80 posterior tooth preparations (40 mandibular first molars and 40
mandibular second molars) created by second-year dental students on a dental simulator were analyzed. The total
occlusal convergence (TOC), bucco-lingual (BL) and mesio-distal (MD) convergence angles, as well as the degree of
taper on the axial walls, were measured using the B&B dental software (Guide system, B&B, Italy). Statistical analysis
was performed using SPSS version 27. Results. The overall mean of the total convergence angle was 21.88°, with a
BL convergence angle mean value of 23.11° (standard deviation of 13.3°) and an MD convergence angle mean value
of 20.66° (standard deviation of 11.0°). The results showed a statistically significant difference between the mesial
axial taper and the distal axial taper (p-value < 0.001). However, no significant differences were observed between the
buccal axial taper and lingual axial taper (p-value > 0.05), or between the BL convergence angle and MD convergence
angle (p-value > 0.05). Conclusion. The study revealed variations in the convergence angles of full metal crown
preparations created by dental students. The recommended convergence angle was difficult for these students to
achieve.

Keywords: Crown Preparations, Axial Taper, Occlusal Convergence, Dental Students.

Citation: Esmeda F, Omar K, Eljaballi A, Hwisa S. Evaluation of Convergence Angles in Posterior Crown Preparations
by Dental Students at Zawia University: West of Libya. Khalij-Libya J Dent Med Res. 2024;8(2):155-161.
https://doi.org/10.47705/kjdmr.248202
Received: 01/05/24; accepted: 26/06/24; published: 02/07/24
Copyright © Khalij-Libya Journal (KIDMR) 2024. Open Access. Some rights reserved. This work is available under
the CC BY-NC-SA 3.0 IGO license https://creativecommons.org/licenses/by-nc-sa/3.0/igo
Ol o O o &Yl 1L 318 Hu a0 Z U1 Cilaass § GUbY! Cylanlly Jaadl 6y gmeell cylial] Gudioes day 1 3IuaYlg dnalsell
g oyl bl eaeds ) duayl] odd CBugs . AleS)! dudastl] Slope ) AaYl glall lonidl Baixi) Byg pi> osnliall paaoeill aasal dins
Sall (3 ol Lo 40) dxilsd! Uil Byasss 80 Jlozr) Juloxs o3 . Gykall . ogilonss ujw-va g Ol (b M Lgaa 31 () goxal
) b @5 . Olad)) 88lowa Slgz (e A5 Eicdl 3 Obewdl (o b A gy 3L o5 (bl il § BB Liys 409 i)
‘nlmb ‘m)yudl U)..\zj\ QLC UJLEJJ‘ A=y d‘ 49L;a)jb ¢ (MD J.uu.” ub-‘”}“”ﬁ BL) dL“JJ\ ‘3.).4».]‘ UJLE.iJ\ b\j)j (TOC) u&\ Lgl.do)”
Lawgiall OF . z861 .27 eyl SPSS galiy plasuiwl JbasYl ot slh=) 63). Wikl ¢B&B ¢ Guideplas (Olwdl Cla) B&B ey
dgl) dasd o wgiag (d2)d 13.3 GHlume Bly=il) dys BL 23.11 )yl dugl) dasd o wwgie po ¢4y 21.88 A ylaxd! &gl pldl
Sr9eall Gaailly Jaaws¥l (§)9mmall el o Wlas] S 3y 3579 ol Uﬁu (32 11.0 @leas Bl) G233 MD 20,66 <ol
Laad)l) JLcalll (§ygomall asailly (Sl (§ygomall Besaid] (o 84S B9y 8T La>M ) el o9 .(0.001 > &bzl daedll) ond)
oladl blg) § s e duwhdl i .z .(0.05 <4¢J\~>3” Aasdll) MD G5 Ll BL <)l &gl e 51 ¢(0.05 <ddlai=l
Ler o9all oyl Aigly Baans oMl V5o e aall (o 0F 0wl (b s WSl 1 AU dsaedl Oloxaid] ol piaseal

Esmeda et al. Khalij ] Dent Med Res. 2024,8(2):155-161 155


http://journals.khalijedental.com.ly/index.php/ojs/index
mailto:fatmasmeda@gmail.com
https://doi.org/10.47705/kjdmr.248202
https://creativecommons.org/licenses/by-nc-sa/3.0/igo
https://orcid.org/0009-0003-3676-239X

elSSN:2708-888X
http://journals.khalijedental.com.ly/index.php/ojs/index

INTRODUCTION

Complete crown preparation is a fundamental step for
other variations of crown preparations. Full coverage
often recommended for the
restoration  of  extensively = damaged and
endodontically treated teeth. The ability of dental
students to create optimum preparations with
recommended total occlusal convergences (TOC) is
the primary focus for restoration success, as visibility,
tooth
experience are important factors to achieve two

restorations are

accessibility, anatomy, and practitioner
opposing axial walls with maximum retention.
Theoretically, greater retention more
conservation of tooth structure can be obtained by
parallelism of the axial walls [1]. However, the
(4°-6°) without
incorporating undercuts is difficult during tooth
preparation.

The retention and resistance are one of the five
important principles of tooth preparations, which
depend on several factors such as the convergence
angle, height, and surface area of the preparation [2].

and

achievement of parallel walls

Moreover, the clinically acceptable taper is estimated
to be between (10°) and (20°) [3]. Additionally, full
coverage cast preparations are recommended to have
(10°) to (20°) of TOC with a minimal height of 4 mm
for molars and 3 mm for other teeth [4].

Further investigations by Saleh YS et al. [5] compared
clinically practiced convergence angle values of tooth
preparations with recommended values, and the
effect of tooth position on convergence angle. They
found a considerable disparity between the
convergence angle values and the recommended
guidelines. Measured convergence angle values were
greater for posterior teeth compared to anterior teeth
[5].

The convergence angle significantly influences crown
retention. Therefore, it is important to determine the
ability of dental students to competently achieve
acceptable abutment taper. Thus, desirable tooth
preparation is considered one of the most challenging
tasks within preclinical training, resulting in a large

number of aspects that have to be taken into
consideration by preparation novices.

The present study aimed to determine the mean
convergence angle and axial taper for full metal crown
preparations performed by dental
students at Zawia University using a dental simulator.

second-year

METHODS
This descriptive study investigated the preparation of
mandibular first and second molars for full cast
crowns restorations. The procedures were performed
by second-year dental students using a dental
simulator in the fixed prosthodontics department at
the faculty of dentistry, Zawia University. The study
was conducted from January 2023 to May 2023.
These preparations were conducted under preclinical
conditions. Impressions were taken for 80 randomly
selected preparations, which were then poured with
Type IV dental stone (Moldarock Royal, Moldastone,
Kulzer, Germany) to produce master cast models.
The cast models were scanned using a 3D model
scanner (Ceramill Map300, Amanngirrbach, Austria).
Evaluation of the TOC, bucco-lingual (BL), and mesio-
distal (MD) convergence angles of each abutment
tooth was conducted using B&B dental software
(Guide system, B&B, Italy). Serial numeric coding was
used for die identification purposes. The scanning
procedures
instructions

were performed according to the

provided by a dental laboratory
technician at Alzendah dental laboratories in Tripoli,
Libya. As the following procedures:

Step 1

The standardized reference axes were the midlines on
each surface, as determined by the software. These
midlines determined a plane slice through the image
perpendicular to an occlusal grid reference (Fig. 1).
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Fig. 1. Scanned image of lower first molar showing mid-
bucco-lingual plane
Step 2
The TOC, bucco-lingual, and MD angles were
calculated by measuring the angles formed by
drawing straight lines along the axial inclination of the

axial surfaces (Fig. 2, 3).

opposing

Fig 2: Total convergence angle bucco-lingually =11.6 of
mandibular molar. buccal inclination in relation to
horizontal plane =96.09. Lingual inclination in relation to
horizontal plane =92.04

Step 3

Individual axial taper, in contrast, was calculated by
measuring the angle of axial inclination of each side in
relation to the horizontal plane, followed by
subtracting it from 90°, which represented the angle
between the axial inclination and the vertical plane.
The axial wall tapers for each preparation (mesially,
distally, buccally, and lingually) were measured, and
the TOC (MD and BL) were illustrated in Tables 1.

Tables 1. The axial wall tapers for each preparation.

Mesi MD
Numb elsm Distal | Buccal | Lingual BL Conver
N| er . Axial | Axial | Axial | Converge v
Axial gence
Tooth taper | taper | taper | nceangle
taper angle
1. 99.770|94.20° | 102.02 | 104.73° | 31.69° 24.66°
2. 96.09° | 92.04° | 98.880 | 98.11° 18.08° 11.61°
3 95.239|90.00° | 101.6° | 97.61° 19.590 12.490
4. 90.530 | 88.370 | 108.00 | 82.240 9.310 16.11°
5. 91.19°|109.4° | 94.68° | 121.34° | 36.67° 18.36°
6. 111.4°192.17° | 102.0° | 102.87° | 22.80° 24.460
7e 86.080 | 92.740 | 96.58° | 96.83° 12.11° 4.65°
8. 90.01° | 80.49¢ | 88.240 | 91.55° 7.710 2.920
9. 93.480 | 104.00 | 101.70 | 96.24° 18.440 18.64°
10/ 108.50 | 100.4° | 99.20° | 101.920 | 22.950 27.00°

ﬂjﬂQQQQWQjﬂQQQQjﬂWQ

11 90.11°| 75.940 | 104.65 | 79.74° | 10.340 | 4.250

12| 122.55|105.7° | 106.10 | 107.790 | 36.840 | 42.620

13| 99.150 | 91.820 10‘2'80 108.770 | 37.340 | 13710

14 96.08¢ | 114.87 | 105.3° | 111.79° | 38.16° 29.630

15] 98.14° | 93.64° | 98.04° | 100.98° 18.370 14.83°

16, 96.69° | 106.68 | 103.4° | 110.87° | 24.45° 35.530

17| 103.03 | 87.65° | 110.2° | 99.420 35.05° 13.530

Fig 3. Total convergence angle mesiodistally =24.66 of 18, 97130 95.010 | 91.040 | 90.810 | 07.050 | 14.290
mandibular first molar. mesial inclination in relation to

horizontal plane =99.77. Distal inclination in relation to 19, 89.820192.300 [ 102.90 | 86.29° | 12.770 | 06.450

horizontal plane =94.20
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Numb Me;sm Distal | Buccal | Lingual BL C(I:)\fjer Numb Mels1a Distal | Buccal | Lingual BL Cl(:fll\?er
N| er . Axial | Axial | Axial | Converge N| er . Axial | Axial | Axial | Converge
Tooth Axial taper | taper | taper | nce angle genee Tooth Axial taper | taper | taper | nceangle gence
taper angle taper angle
20, ,7 93.46° | 95.850 | 96.950 | 98.780 19.920 12.610 4 I
47 ’T 99.140 1 97.89¢ | 101.4° | 90.13° 12.710 19.190
ZI.W 86.760 | 81.66° | 88.60° | 100.36° 13.260 0.350
105.97 48 ’7 93.650 | 96.20© | 99.04° | 101.33° 24.16° 8.850
ZZ.ﬂ 96.87° | 83.810 o 94.36° 17.970 8.910
49/ ’T 96.990 | 90.480¢ | 93.75° | 105.31© 21.06° 7.720
23.m 96.990 | 85.30° | 111.4° | 98.87° 30.27° 10.65°
50, ’7 98.450 | 98.02¢ | 87.35° | 99.55° 14.910 20.920
24.ﬂ 120.6° | 98.98° | 112.9° | 100.76° 34.04° 41.53°
514 ’T 106.98 | 98.93° | 102.3° | 115.91° 38.18° 25.380
25'T| 92.230 | 86.98° | 115.50 | 90.76° 27.04° 7.110
52, ’7 98.250 | 107.13 | 86.81° | 98.08° 11.990 25.86°
26.7| 102.89|94.030 | 98.61° | 108.250 | 24.81° 21.740
53.7' 109.24 | 106.80 | 108.6° | 104.05° | 33.17° 35.520
27, l?86.510 86.360 | 97.830 | 95.70° 18.62° 0.430 105.45 | 102.28 | 106.60
54.7' o o o 91.67° 20.58° 26.440
28, l794.840 100.5° | 101.5° | 103.47° | 25.91° 17.350 10089
55/ ’T 95.040197.580 | " 92.630 15.31° 15.06°
29, l?96.330 106.88 | 92.02° | 96.33° 12.390 21.67°
56 ’7 95.120 | 89.93° | 86.79° | 91.38° 3.570 8.66°
30, l791.370 110.60 | 103.3° | 95.44° 19.450 27.850 103.85
57.7’ o. 92.320 | 91.26° | 96.500 13.070 19.970
3l.m 85.760 | 90.69° | 94.93° | 104.19° 18.16° 3.86° 106.86 11214
58.7’ o 85.720 ° 87.580 22.67° 16.199
32.? 83.460 | 104.76 | 103.6° | 101.56° 24.840 10.830 108.87 | 108.02
59.7’ 98.930 o ° 115.430 43.320 28.820
BB.W 97.490 | 93.08° | 111.98 | 106.90° 40.30°0 11.790 12464 | 10525 [111.92
60.7’ o. o. o' 113.85¢ 47.500 53.550
34.T| 103.10|97.139| 107.23 | 101.700 | 29.56° 23.490 106.17
61, ’T o |89:320(99.560| 104.77¢ | 25.180 18.230
35, ,7103.49 91.870 | 103.01 | 99.64° 26.98° 21.03° 10210 110.97
62/ ’7 o o |91.98°| 93.880 7.920 30.86°
36, IT 106.1° | 106.4° | 104.59 | 102.94° | 28.70° 34.680 10863
63/ ’T 80.89°0 | 89.350 | " 94.65° 20.08° /
37, IT 108.36 | 101.58 | 94.81° | 105.320 | 21.29° 31.580 109.92 10075
64 ’7 o |95.63°| 98.920 21.580 26.37°
38, l793.660 96.86° | 97.69° | 104.47°0 | 20.420 12.010 114.66 | 10118 | 100.42
65.7' o o o 106.56° | 29.64° 37.920
39.m 110.3° | 103.72 | 100.48 | 109.28° 29.07° 32.550 10262 10029
66.7’ o 96.140 ° 100.000 20.54° 19.370
40 121.43 | 88.60° | 107.59 | 111.450 37.440 36.05¢
ﬂ 67 [— 10%21 10:;'02 94.29° | 103.07° 19.31¢ 26.280
41.? 102'89 91.95¢ | 99.05¢ | 98.17° 20.960 21.14° 6
68, [7 95.980 | 98.270 | 91.54¢ | 97.320 11.05¢ 16.04°
42.ﬂ 106.54 | 108.5° | 110.3° | 99.64° 32.690 37.290 10073 10521
69, [T o 99.370 ° 95.040 21.440 20.000
43/ ,T 105.37 | 93.270 | 87.920 | 94.540 4.200 20.15¢ 10001
70/ ’7 94.200 1 94.53° | 96.65° 17.210 10.400
44, |784.340 98.340 | 94.180 | 83.50° 1.710 5.530 105.03
71.7' o | 84.659(99.4701 102120 | 24.56° 10.87¢
45— 104.06 | 92.86° | 96.06° | 102.05° | 18.85° 19.470
6 72 99.170 10178 | 101.67 96.33° 20.16° 22.000
46, 103.86 | 103.39 | 103.0° | 98.03° 22.930 24.200 T’ 0 ©
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Numb MiSla Distal | Buccal | Lingual BL CMD
N| er . Axial | Axial | Axial | Converge onver
Axial gence
Tooth taper | taper | taper | nceangle
taper angle
104.50 | 103.02
73.7‘ 0050 OCZO 95.06° | 94.96° 14.400 30.74°
74.ﬁ 10046 92.300 | 95.940 | 99.790 17.430 16.540
7 o
108.51 103.51
75, l—6 035 94.880 OiS 103.120 | 28.15¢ 24.150
105.
7 7] 0539 98 730 | 91560 | 106.990 | 20830 | 25.490
7 o
109.17
77, l_ 09 96.520 | 92.960 | 101.220 17.990 26.78°
6 o
116.95 | 107.65 | 110.17
78, ,7 o o o 107.86° | 33.83° 41.940
79, ,7 121.3° | 100.67 | 44.13° | 113.940 | 104.04° | 38.67°
80, ,—7 104.9° | 98.34° | 91.09° | 94.770 9.830 25.750

Statistical analysis
The statistical analysis was conducted using Statistical

Package for the Social Sciences (SPSS V27).
Descriptive  procedures, including mean, and
standard  deviation (SD), were employed.

Furthermore, statistical tests such as independent
samples t-test. A significance level of P < 0.05 was
considered  statistically  significant, while a
significance level of P <0.001 was considered highly
significant.

RESULTS

A total of 80 crown (40 mandibular first molars and 40
mandibular second molars) preparations were
performed by dental students. The overall mean of the
total convergence angle was (21.88°), and the total
axial taper mean was (99.32°) (Table 2)

The mesial axial taper had a mean value of (100.70°)
with a standard deviation of (9.3°), while the distal
axial taper had a mean value of (96.69°) with a
standard deviation of (7.8°). The buccal axial taper
had a mean value of (99.74 ©) with a standard
deviation of (9.4°), and the lingual axial taper had a
mean value of (100.15°) with a standard deviation of
(7.79). The BL convergence angle had a mean value of
(23.11°) with a standard deviation of (13.3°), while the

MD convergence angle had a mean value of (20.66 ©)
with a standard deviation of (11.0°).

Table 2: Mean values for convergence angle and axial
taper angle on all crown preparations.

Angle N Mean SD

Mesial Axial taper 80 100.70© 9.30
distal Axial taper 80 96.69° 7.80
Buccal Axial taper 80 99.740 9.40
Lingual Axial taper 80 100.15°© 7.70
BL Convergence angle 80 23.11°© 13.30
MD Convergence angle 80 20.66° 11.0©

Based on the results presented in Table 3, the results
suggested that there was a statistically significant
difference between the mesial axial taper and the
distal axial taper. However, no significant differences
were observed between the buccal axial taper and
lingual axial taper, or between the BL convergence
angle and the MD convergence angle, based on the
provided p-values.

Table 3: Mean comparison between convergence
angles and taper values

Angle N Mean SD P-value
Mesial Axial taper 80 100.70 9.3 <
Distal Axial taper 80 9669 7.8  0.001**
Buccal Axial taper 80 9974 94 0.773
Lingual Axial taper 80 10015 7.7
BL Convergence angle 80 23.11 133
MD Convergence 0.081

80 2066 11.0
angle

DISSCUSION

Several clinical studies have been performed in an
attempt to establish optimal convergence angles for
clinical practice in order to achieve acceptable results.
The achievement of appropriate convergence angles
that provide adequate retention and resistance for full
metal crowns has been a subject of research among
dental students.

In the present study, the mean convergence angle of
(80) crown preparations were (21.88°), which is higher
than the recommended value of less than (12°) for cast
crowns. The students faced difficulties in achieving
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the ideal convergence angle. Although the mean
convergence angle was significantly higher than the
recommended value, it was comparable to the results
found in previous studies by Rafeek RN et al. [6]. This
can be explained by the fact that less experienced
second-year dental students created the preparations.
Additionally, the preparations were performed in a
laboratory setting on artificial teeth, rather than on
actual dental hard tissues. According to a study by
Ohm E. and Silness]J. [7], the mean convergence angles
for metal-ceramic crown preparations on vital teeth
varied between approximately (19 ©) and (27 ©). In
root-filled teeth, the mean convergence angles ranged
from (12°) to (37°) [7].

Multiple studies have found that the clinically
established mean convergence angle among dental
students and general practitioners typically ranges
between (12°) and (26°). Furthermore, these studies
have indicated a wide variation in convergence angles
observed among general practitioners [8].

In the current study, the mean convergence angle (CA)
for MD axial wall preparations was (20.66 ©), which
was less than the mean CA of (23.11°) for the BL axial
wall preparations. This finding is in agreement with
the study by Aleisa K, [9] where the mean CA for MD
axial wall preparations (16.66°) was less than the mean
CA for the BLaxial wall preparations (20.45°). on
posterior tooth preparations.

Additionally, the current findings align with the study
by Ayad MF et al. [10], which reported the greatest
convergence value (19.8°) + (10.0°) for bucco-lingual,
and the smallest convergence value (14.1°) + (3.8 °) for
MD prepared by dental students.

In contrast, the study performed by Amine M et al. [11]
which measured the highest convergence value for
MD (14.74 ©) + (5.63 ©) and the lowest convergence
value for BL (12.23 ©) + (6.85 ©) for cast crown
preparations on a simulator. However, this study
found no statistically significant difference between
the BL and MD convergence angles. The discrepancy
between these findings suggests that the relationship
between tooth surface accessibility and convergence
angle may vary depending on the specific study

conditions and the dental simulator used. Further
research is needed to fully understand the factors
influencing the differences in convergence angles for
MD and BL tooth preparations performed by dental
students.

This study found that the mesial and distal axial taper
were (100.7 ©) and (96.6 ©), respectively, which
exceeded the in the
literature. This suggests that the degree of axial taper

recommended guidelines

was influenced by the tooth surface. The mesial taper
was significantly higher than the distal taper, which
may explain the difficulty of the preparations on
molar region especially distally. This could be
attributed to the angling of the handpiece and the
limited visibility of the distal surface, as it is not in the
direct line of sight, compared to the mesial surface.
which might lead to limitation of the preparations on
distal surface with less taper.

Interestingly, this finding is in contrast to the
expectations, as the mesial surface is generally
considered easier to prepare. This is opposite to the
results reported by Abdulla F et al. [ 12]. The current
study was conducted in a dental simulation setting,
which may have contributed to these unexpected
findings.

The study found that the BL taper angles emphasized
the impact of tooth surface anatomy on the degree of
axial taper among dental students. Specifically, the
lingual taper was greater than the buccal taper. The
suggested reason for this difference is the variations in
tooth surface anatomy. The attempt to eliminate the
very prominent undercuts associated with the lingual
surface of mandibular molars might have led to an
increase in the lingual convergence angle. However,
the study did not find any statistically significant
differences between the buccal and lingual axial taper.
Given these findings, the study recommends that
should be conducted to further
evaluate TOC among dental students from different
college programs. Investigating the CA variations
across various educational institutions could provide
valuable insights into factors that influence the

more research
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preparatory skills and clinical decision-making of
future dental practitioners.

CONCLUSION

This study measured the TOC of full metal crown
preparations performed by dental students in a
laboratory setting. The findings indicated that the
TOC achieved by the students
recommended CA of less than (12 O).
The study found that the recommended CA was
difficult for the dental students at Zawia University

exceeded the

Faculty of Dentistry to consistently achieve. This
suggests that further training and practice are needed
for these students to develop the necessary skills to
prepare teeth within the ideal CA range.
Additionally, the time period allotted for students to
practice and refine their tooth preparation techniques
is an important factor that deserves consideration.
Adequate time for repetition and feedback is crucial
for students to improve their ability to meet the
recommended CA targets.
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