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Abstract

Fixed dental prostheses are crucial in returning damaged teeth to proper form and function. Retention and resistance play a
crucial role in the long-term success of fixed dental prostheses. Determining taper and TOC of a tooth preparation for a fixed
dental prosthesis can help determine its long-term prognosis and inform the provider if alterations to the preparation are
necessary to increase retention and resistance form, or if adhesive cementation is necessary. This article describes a 3D
printed tool that allows the provider to critically assess a tooth preparation to ensure success of a well-fitting retentive
restoration.
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Introduction

Fixed dental prostheses return damaged or decayed teeth to
function and ideal esthetics. The principles of tooth
preparation for fixed dental prostheses can be broken down
into three board categories which include: biological
considerations, esthetic considerations, and mechanical
considerations [1]. Biological considerations include margin
placement that ensure the supracrestal tissue attachment is not
violated and remains healthy, occlusion, conservation of

tooth structure, pulpal considerations, removal of biological

and protection of adjacent teeth. Esthetic considerations
include minimum display of metal when desired, thickness of
the ceramic, reduction of tooth to allow for porcelain stacking
if necessary, and margin placement [1].

Mechanical factors for tooth preparation include retention
and resistance form. Retention form is defined by the
Glossary of Prosthodontic terms (10" ed.) as the quality
inherent in the prosthesis acting to resist the forces of
dislodgement along the path of placement [2]. Retention is is

affected by several factors to include magnitude of the
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dislodging forces, geometry of the tooth preparation (circular
vs square), roughness of the restoration, film thickness of the
luting agent, and retention grooves or boxes. The glossary of
prosthodontic terms defines resistance as the feature of a
tooth preparation that enhances the stability of restoration and
resists dislodgment along and axis other than the path of
placement [2]. The factors that influence resistance form
include tooth preparation length, tooth width, and taper.
Jorgensen in 1955 was the first to demonstrate the
relationship between taper and retention of crowns [3]. The
relationship proved to be hyperbolic, with retention rapidly
becoming less as taper increases [3]. Taper is defined as the
angle, measured in degrees as viewed in a given plane,
formed between an external wall and the path of placement of
a tooth preparation or machine surfaces on a metal or ceramic
material when prepared for a fixed dental prosthesis [2].
Jorgensen tested taper and found that maximum retention
occurred when taper was 5 degrees, and that retention was cut
in half when taper was increased to 10 degrees [3].

Total occlusal convergence (TOC) is defined as the total

angle of convergence, measured in degrees as viewed in a

given plane, formed by opposing axial walls when a tooth or
machined surfaces of a metal or ceramic material is prepared
for a fixed dental prosthesis [2]. Total occlusal convergence
is the combined taper of two opposing walls of a prepared
tooth. Goodacre et al. in recommended total occlusal
convergence to be 10-20 degrees, while Shillingburg at al. In
1997 recommended TOC to be 12 degrees for maximum
retention [1,4]. Determining taper and TOC of a tooth
preparation for a fixed dental prosthesis can help determine
its long-term prognosis and inform the provider if alterations
to the preparation are necessary to increase retention and
resistance form, or if adhesive cementation is necessary. This
article describes a 3D printed tool that allows the provider to
critically assess a tooth preparation to ensure success of a

well-fitting retentive restoration.

Materials and Methods
Shillingburg’s of 12 degrees of total occlusal convergence
was used to design the tool in order to maximize retention of

fixed dental prostheses (Fig. 1).

Figure 1: 12 Degrees Total Occlusal Convergence

—

Figure 2: Digitally Designed Assessment Tool.
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Figure 3: Printed Assessment Tool.

Figure 4: TOC Reference

Figure 5: Assessment Tool Demonstrating TOC Greater Than 12 Degrees on Tooth Preparation

Using Meshmixer (Autodesk Inc. San Francisco, CA) a
12-degree TOC assessment tool prototype was designed
(Fig. 2). Dimensions of tool: rod 80 mm in length, 6 mm
in diameter. TOC tool has a piece that slides on the rod
to allow for assessment of teeth with different widths
mesial-distal, and facial-lingual.

The STL file was exported, and 3D printed in sterilizable
surgical guide resin (Form labs Inc, Somerville, MA)

(Fig. 3).

3. The Printed tool was polished and used as a guide to
assess the convergence angle in the mesial-distal and
buccal-lingual directions of a prepared model tooth

(Figs. 4 and 5).

Discussion
Critically assessing a tooth preparation is essential to the
success of a well-fitting, retentive restoration. The

recommended convergence angle of 12 degrees allows for the
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fabrication of a restoration that will be retentive, reduces the
chance of undercuts and facilitates seating of the restoration.
Ohm and Silness in 1978 examined 190 stone dies that were
prepared for single fixed dental prostheses, and they found
that the mean convergence angle of the prepped teeth ranged
from 12-37 degrees [5]. In 2004 Al-Omari et al evaluated 157
tooth preparations of dental students to assess total occlusal
convergence. The authors found that the mean convergence
angle faciolingually was 22.4 degrees, while the mean
convergence angle mesiodistally was 25.3 degrees [6]. In the
study molars showed a significantly different mean value
compared to premolars and anterior teeth, [6] Abdulla et al.
in 2018 analyzed the convergence angle of 206 crown
preparations in private practice, they found that bucco-lingual
and mesio-distal convergence angles significantly exceeded
the clinically acceptable convergence angle of between 10
and 22, [7]. A comparative study in 2021 revealed the
differences in the ability to obtain a clinically acceptable TOC
between dental specialists and dental students. The study
indicated that overall, 47% of the specialist observations
achieved the recommended TOC angle, while 29.25% were
obtained by the students [8].

Literature has shown that obtaining the ideal total occlusal
convergence can be challenging. As previously mentioned,
Goodacre states that a clinically acceptable range for total
occlusal convergence is 10-20%, [4]. However, idealistic
preparations with no undercuts are not always achievable,
patient and provider factors play a significant role in the
outcome of tooth preparation. Techniques to evaluate TOC
have been described and include: photocopy machines, CAD/
CAM technology, and overhead projectors, however with the
exception of CAD/ CAM technology these techniques are not
available in the clinical setting [9-11]. Techniques to evaluate
TOC intraorally include direct visualization from the buccal,
lingual, mesial, distal, and occlusal using intraoral mirrors as
the tooth is prepped. It has been suggested that using
magnifying loupes would help improve access, vision, and
efficiency while prepping teeth [12]. A study by Almaki et al.
in 2019 looked at the effects of dental loupes magnification
on TOC and concluded that low power magnification did not
show significant difference in teeth prepared with dental

loupes and without dental loupes [13]. Murbay et al. in 2023

concluded that the use of magnification did not improve the
quality of tooth preparation and that total occlusal
convergence was increased compared to the ideal values [14].
Multiple tools exist to aid in idealizing a tooth preparation,
such as reduction guides and depth cutting burs. Taper of the
preparation is typically assessed via direct or mirrored
visualization, but this may be challenging for posterior teeth
and studies show that providers tend to underestimate the
TOC through direct visualization. Alternative methods such
as using an intraoral scanner or impressing the tooth and
evaluating the poured cast may be effective but can increase
chair time. This article demonstrates a tool that is easy to use
and can quickly analyze the tooth preparation to determine if
there is ideal retention and resistance form. The adjustable
component allows for analysis of teeth of different widths,
and the handle allows for easy access to posterior dentition.
The instrument can easily be printed utilizing a 3D printer and
the tool can be sterilized if an appropriate resin is used or

single use.

Summary

This article describes a technique that allows for the
evaluation of TOC utilizing a 3D printed 12-degree
assessment tool to efficiently check preparation design. The
technique can help reduce errors in over or under tapering and
improve retention and resistance form of the final restoration.
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