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ABSTRACT

One of the most common fabrication techniques for dental ceramics isrgingemprocess of heating of the ceramic to
ensure densification. This occurs by viscous flow when the figmgperature is reached. Acceptable restorations require
the alloy and ceramic to be chemically, thermally, mechanically, andetieatly compatible. Thermal and mechanical
compatibility include a fusing temperature of ceramic that does not cateiaiisof the metal substructure. Decalibration
of ovens used for firing of the ceramic layers for metal ceraemntadiprostheses leads to stress and cracks in the veneerin
material, and ultimately to the failure of the restoration. 25 metal ceramib@ses were made for this study. They were
divided in five groups, each sintered at a different temperature: a grthgtemperature prescribed by the producer, two
groups at lower and two groups at higher temperatures set in the cexemicAa established noninvasive biomedical
imaging method, swept source (SS) optical coherence tomography (W&3Temployed, in order to evaluate the
modifications induced when using temperatures different frorsethmwescribed for firing the samples. A quantitative
assessment of the probes is performedrbface OCT images, taken at constant depths inside the samplekffa@iteaces

in granulation, thus in reflectivity allow for extracting rulethumb to evaluate fast, by using only the prostheses
currently produced the current calibration of the ceramic oven. @@ging can allow quick identification of the oven
decalibration, to avoid producing dental prostheses with defects.

Keywords. firing temperature, ceramic-fuséoHmetal dental prostheses, nondestructive investigations, swept source
optical coherence tomography, quantitative assessemface OCT images

1. INTRODUCTION

One of the most common fabrication techniques for dental ceramics isrgjngeprocess of heating of the ceramic to
ensure densification. This occurs by viscous flow when the figmgperature is reached. Ceramics are inorganic,
nonmetallic materials manufactured by heating raw minerals at high tenmpergtls The problem is that materials like
ceramics and glasses are brittle: they display a high compressive strengtlow tensile strength, therefore they may be
fractured under a low strain, of only 0.1% or 0.2%. As restoratatenials, dental ceramics present disadvantages due
mostly to their inability to withstand the functional forces that are presem ioral cavity [2, 3].

Metal ceramic dental prostheses combine both, the exceptional esthetic propertiasnafscand the good mechanical
properties of metals [4]. Their technology is mature, and advanced madegidlsing used in such constructs. However,
fracture of the metal ceramic prostheses may occur occasionally [5].tAbleepestorations require the alloy and ceramic



to be chemically, thermally, mechanically, and aesthetically compatible. Therdhalearihanical compatibility include a
fusing temperature of ceramic that does not cause distortion of the metalcubstj6].

Decalibration of ovens used for firing of the ceramic layers for nsetalmic dental prostheses leads to stress and cracks
in the veneering material, and ultimately to the failure of the restoration.

The adjustment of the oven thermal regimes can be made by ttz wehnician by remarking the outcome of the
procedure. Experienced ceramists often achieve this by evaluatingrdmagters of translucency and texture of the
ceramic when firing a sample of the clearest porcelain powder in the syébevaver, such a method relies completely
on the subjective judgment of the operator.

The most modern computerized ceramic ovens go through a self-diagmostss to check the quality of the electronics,
muffle, and vacuum so the user can be sure that the oven is opataiptgnum levels.

Periodic calibration at large time intervals (e.g., at six months) of demtals is not sufficient to prevent such
consequences that can affect a large number of prostheses prodwdadtidh methods based on firing supplemental
control samples are subjective, time consuming, and they rely entirdig skills of the dental technicians.

The aim of this paper is to approach this issue by using an establisimedical imaging technique, optical coherence
tomography (OCT). This technique, based on the principles of low cohénéerderometry [7], presents millimetre depth
penetration and micrometer resolution [8, 9]. It is also non-invaisivaamparison with other investigation methods for
teeth and dental constructs, such as radiography and Cone Beam Coroputgraphy. Out of the many methods to
perform OCT, the swept source (SS) OCT method is chosen héod, offers the highest achievable acquisition speed
and the best sensitivity [10].

2. MATERIALSAND METHODS

25 metal ceramic prostheses were made for this study (Fig.1). Ereyiided in five groups, each sintered at a different
temperature: a group at the temperature prescribed by the producemotwyps gt lower and two groups at higher
temperatures set in the ceramic ov@noup 1, for which the ceramic layers were sintered adegrto the producer’s
indications (i.e., at 93C); Group 2, for which the ceramic layers were sintered aiC3@elow the recommended
temperature (i.e., at 900); Group 3, for which the ceramic layers were sintered with °@Qnder the recommended
temperature (i.e., at 830); Group 4, with ceramic layers sintered with 8 above the recommended temperature (i.e.,
at 960C); Group 5, with ceramic layers sintered EDabove the recommended temperature (i.e., &8The samples
were stored in special boxes, previously marked and prepared fastimagestigation.

Fig. 1. Aspects from the preparation of the samples: (a) addingrtmaicenaterial on the copings;
(b) sample after its sintering in the oven; (c) temperature chart displayeddsntiaéceramic oven; (d) the various layers of a
metallo-ceramic crown



Each of these temperature variations were meant to simulate a certain degeadilofation in the ceramic oven in order
to evaluate the possibility of detecting it by OCT.

An established non-invasive biomedical imaging method, swept sds®&eoptical coherence tomography (OCT) was
employed [11], in order to evaluate the modifications induced whag temperatures different from those prescribed for
firing the samples.

For investigations, C-scan (en face) images, obtained from similaisdegth samples were generated. The control of the
depth was made possible by analyzing the B-scan OCT image for eggle sabtained with OCT [12]. This depth was
approximately z.ace= 0.375 mm from the position corresponding to an optical path differ@®) of 0 mm considered

at the top of each sample in the B-scan image. In all cases, the leestibtace of the sample was imaged.

The outer surface of all the samples was positioned at the same depth (zeasured from the plane corresponding to
a zero OPD; then thenface images were rendered from the same depth positiardzIn this way, as the reference and
sample optical powers were kept constant, we ensured that changes intttreebsigf the images are only due to changes
of the optical properties of the samples. Moreover, placing the sam@grglamed before ensure keeping the same lateral
resolution in all theenface images. Figure 2 depicts the way in which éhdace images were rendered from the
volumetric dataset.

outer surface
positioned at the
same depth for all
samples

en-face image
rendered from the
same depth for all
samples

0 }---
Zsurface
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Z

Fig. 2. lllustration of the method used to render en-face isfigen the volumetric dataset. All the samples were positioned @n ord
to have their outer surface placed atizze While theenface image was rendered from thewze depth in all cases.

3. RESULTSAND DISCUSSIONS

The non-invasive investigations revealed specific aspects for eaghgrbtlips considered. All the imagistic modifications
could be evaluated on tlesface images. As the production of #meface images cannot be done in real time, in order to
position the samples at the correct depth position we took advantageoafpidbility of the OCT instrument to produce
high-speed B-scan images.

Samples sintered at the temperatures indicated by the producers: a ndribatidis of the reflectivity could be noticed
(Fig.3 a).

Samples sintered at temperatures below the one indicated by the producemrdaofivewith 30C): decrease of the
reflectivity, an alternation between reflective and less reflective areas (lrig.3 b

Samples sintered at temperatures above the one indicated by the prodecetsoye with 30C): increase in the
reflectivity, air accumulation and defects inside the ceramic layer (f€lg. 3

Figure 3 shows specific aspects for some of the considered groalpsted on thenface OCT images.



a.

Fig . 3. C-scanface OCT images, slice 34/89 0,382 mm depth in airs@apple sintered at the temperatures indicated by the
producer - normal distribution of the reflectivity, normal granutati®) sample sintered at a temperature below the one
indicated by the producer (i.e. below with’@) - decrease of the reflectivity, an alternation between reflective and less
reflective areas; (c) sample sintered at temperature above the one indicated tyubergre. above with 3Q) - increase

in the reflectivity, air accumulation and defects inside the ceramic layer.

The results confirm reflectivity increase corresponding to increase in thelafian from Group 3 (sintered at 8&I)
towards Group 1 (sintered at 980 the normal temperature) and Group 4 (sintered &t®60This results can also be
seen in the MATLAB image processed after obtaining a mean valbe &f@T investigation (Fig. 4).
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Fig . 4. Average of 500 horizontal lines of #reface binary images, corresponding to sintering temperatures &r@yp 3
(sintered at 83) towards (b) Group 1 (sintered at 930the normal temperature) and (c) Group 4 (sintered a4£960
The number of peaks in each plot indicates the number of “bright particles,” while their width indicates their size.

4. CONCLUSIOSN

This study demonstrates the capability of optical coherence tomography (@@¢€hieve a simple and non-invasive
monitoring of the temperature variation inside a ceramic oven, used to wietaiihceramic dental prostheses. On an every-
day basis, the dental technician can evaluate by OCT the ceramic layer at soméngldptiihe material, here
approximately 0.375 mm used . The entire imagistic evaluation is basedpaaction of C-scan (en-face) images only.
Similar interpretation as suggested here can be based on using B-scans asweetr fthe C-scan mode is more
illustrative for patterns. The B-scan images were used here to impose rigmrous control of the depth of the
investigation. It was concluded by example that a variation of 43 %eireftectivity of the material should trigger an
immediate temperature re-calibration of the oven. Other rules of thuemd discussed to allow for the monitoring a
process .



The procedure suggested, if followed, can prevent the thermal stresaeramic layer. Otherwise, such stress would
lead to materials defects and then to fractures inside the ceramic laterpostheses manufactured and inserted in the
oral cavity.
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