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Objectives. In the present study, lithium-disilicate ceramic inlays should be analyzed biome-

chanically according to their thickness and dimension, and it should be clarified as to

whether there is a significant relationship between the inlay volume and the induced tensile

stress level.

Methods. Using a new parametric CAD modeling procedure, 27 lithium-disilicate ceramic

inlays with various parameters of “depth”, “width”, “angle” and restoration volume were

generated. These inlays were integrated into the CAD model of a lower molar created from

the  CT data of an anatomical preparation. The resulting CAD models were, finally, three-

dimensionally cross-linked to FEM models. After applying a compressive force of 200 N,

Principal Tensile Stresses (PTSs) could be measured in the inlay. The values were subject to

statistical analysis afterwards.

Results. The volume of the inlay restorations varied between 35.7 mm3 and 82.5 mm3. The

maximum PTS values (n = 10) only showed a slight negative correlation with the inlay vol-

ume. The correlation coefficient according to Spearman was −0.082 (p ≤ 0.001). If the highest

1000 PTS values of each inlay were considered (n = 1000), the correlation coefficient was fur-

ther  reduced to +0.068 (p ≤ 0.001). No significant correlation between the inlay volume and

the  induced PTS level could be detected.

Significance. Under the conditions and limitations of the present FEM study, the inlay volume

did not significantly influence the tensile stress level of ceramic inlays. The results may

support the thesis that volume-reduced all-ceramic inlays might not have an increased

fracture risk. Further studies are needed to confirm this.

©  2013 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

1.  Introduction

All-ceramic restorations have been approved for the treatment
of class II cavities. They can restore the natural morphology of
the teeth, achieving both a high survival rate and a good visual
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appearance [1–3]. A fracture of the ceramic is a considerable
complication, which can lead to the failure of the restoration
[1,4,5]. In addition to the indication, material suitability and
quality of the adhesive bond, the form and dimension of the
cavity preparation can have an effect on long-term success.
The class II cavity preparation for full ceramic restoration can
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be described parametrically using a basic form determined
by the parameters of depth, width and angle (DWA) [6]. How-
ever, the volume of enamel and dentin removed by preparation
remains mostly unknown. In vitro tests have shown that the
mechanical stability of the tooth is reduced by the preparation
[7], but the adhesive bond between the ceramic restoration
and the enamel is able to re-establish the stability of the tooth
[8,9]. Nonetheless, the original tooth stability cannot be recov-
ered completely. The principle of each cavity preparation is
to protect the natural enamel as far as possible [10], often
leading to a gracile restoration. While gold inlays can almost
be shaped in a gracile manner without fracturing [11], this is
not the case with ceramic inlays [5]. Here, the stability of the
inlay depends upon its dimensions [8] and the type of ceramic
used [12]. Accordingly, the traditional preparation guidelines
for ceramic inlays are not as substance-friendly as with gold
inlays, and often lead to considerable losses of enamel. With
the continuous development of dental ceramics and innova-
tive manufacturing processes [13], the question arises as to
whether the preparation guidelines for ceramic inlays could
be adapted to minimally invasive treatment. Therefore, the
aim of the present study was to analyze various sizes and
shapes of lithium-disilicate ceramic inlays biomechanically,
and to investigate the tensile stresses induced by mastication.
In particular it should be clarified as to whether the risk of frac-
ture is higher with volume-reduced lithium-disilicate ceramic
inlays than with normally dimensioned ones.

2.  Materials  and  methods

The CT data from an anatomical preparation of the lower jaw
(Fig. 1) served as the morphological basis for the FEM models.
The resolution was 0.08 mm of the isotropic edge length of
each voxel (TomoScope HV 500, 220 kV; 0.125 mA). Using the
software Amira 5.3.1 (Visage Imaging, Inc., San Diego, USA),

Fig. 1 – Parametric CAD-model (ceramic inlay, adhesive,
enamel, dentin, periodontal ligament, cortical bone,
cancellous bone) used as a basis for the calculations.

three-dimensional polygon meshes of the anatomical struc-
tures could be generated by manual segmentation of the X-ray
data. The resulting polygon meshes could be transferred into
non-uniform rational B-splines (NURBS) using reverse engi-
neering in the Rapidform XOR 3 software (INUS Technology,
Inc., Seoul, Korea). Finally, a combined CAD model was cre-
ated in the Inventor 2012 software (Autodesk GmbH, Munich,
Germany), including an osseous segment of the mandible
and tooth 46 with a periodontal ligament. The crown of
tooth 46 showed a parametric preparation cavity which was
combined with a corresponding parametric CAD inlay model
(Figs. 2 and 3).

2.1.  Parametric  cavity  modeling

The basic form of the cavity constructed for tooth 46 was
taken from the literature [6]. Form and dimensions were deter-
mined by the three parameters depth (D), width (W) and angle
(A), with each of them taking on a small (1), medium (2) or
large (3) value (Fig. 2). The depth (D) showed the minimal dis-
tance to the deepest point in the occlusal surface and could
have a value of 1.00 mm (D = 1), 1.25 mm (D = 2) or 1.50 mm
(D = 3). In contrast, the width was the distance of the isthmus
walls at the level of the cavity floor and could have a value of
1.50 mm (W = 1), 2.00 mm (W = 2) or 2.50 mm (W = 3). The angle
(A) defined the decline of the cavity walls and could have a
value of 10◦ (A = 1), 15◦ (A = 2) or 20◦ (A = 3). By combining all
of the parameters (DWA) and values, a total of 27 CAD models
with different cavity shapes was created (Fig. 3), and the label-
ing of the individual CAD models was done using parametric
coding (DWA from 111 to 333). The tooth enamel removed in
the virtual preparation was replaced anatomically by a virtual

Fig. 2 – Parametric CAD-model: dimension and shape of
inlay preparation were  defined by DWA-parameters
(D = depth, W = width, A = preparation angle). Three values
(1, 2 and 3) could be assigned to each parameter resulting
in 27 inlay preparations (DWA 111 to DWA 333). Defined
values: D1 = 1.0 mm,  D2 = 1.25 mm,  D3 = 1.5 mm,
W1 = 1.5 mm;  W2  = 2.0 mm,  W3  = 2.5 mm,  A1 = 10◦, A2 = 15◦,
A3 = 20◦.
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