Defectoscopy of Denture Polymers

MEDA LAVINIA NEGRUTIU!, COSMIN SINESCU'#, FLORIN IONEL TOPALA!*, LUCIANA GOGUTA!, CORINA MARCAUTEANU',
ALEXANDRU OGODESCU', MIHAI ROMINU', ADRIAN GH. PODOLEANU®

!'University of Medicine and Pharmacy “Victor Babes” Timisoara, Faculty of Dentistry, 9 Revolutiei 1989 Blv., 300070, Timisoara,
Romania

?University of Kent, Applied Optics Group, School of Physical Sciences, Canterbury, Kent, UK

When making a denture, a removable partial prosthesis or a removable orthodontic appliance, long term
preservation of structure and function require that potential irritating effects are kept at minimum. Polymer
manufacturing technology with optimal properties and the material type are essential for a successful
treatment. Increasing the biomechanical comportment of polymeric materials implies fiber reinforcing. The
different fibers reinforcing products made very difficult the evaluation of their performances and biomechanical
properties analysis. The aim of this study was to assess the quality of various polymeric materials used in
dental technology and to validate the en face OCT defectoscopic evaluation of polymeric dental prostheses
by using scanning electron microscopy (SEM). SEM investigations evidenced the nonlinear aspect of the
interface between the polymeric material and the fiber reinforcement and materials defects in some samples.
The advantages of the OCT method consist in non-invasiveness and high resolution. In addition, en face OCT
investigations permit visualization of the more complex stratified structure at the interface between the
polymeric material and the fiber reinforcement.
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When making a denture, a removable partial prosthesis
or a removable orthodontic appliance, long term
preservation of structure and function require that potential
irritating effects are kept at minimum. The polymer
manufacturing technologies with optimal properties, as
well as the type of material used are very important for the
treatment success [1, 2].

In order to avoid deficiencies of dental prostheses,
several alternative systems and procedures were imagined,
directly related to the material[3, 4] used and also to the
manufacturing technology([5]. So, to enhance the
mechanical strength, complete denture bases are
reinforced with metallic or unmetallic nets or fibers[6].
These different reinforcing products made very difficult the
evaluation of their performances and biomechanical
properties analysis[7]. The reinforcing effect increased
with the increase of the number of glass fibers in the case
of thick specimens [8].

Fiber reinforcements placed on the tensile side resulted
in considerably higher flexural strength and flexural
modulus values compared with same quantity of fibers
placed on the compression side[9].

In case of metallic reinforcement, the polymerization
shrinkage level has a significant influence on the residual
stress at the resin—-metal interface. Enhancement of the
bond strength on the interface can reduce the failure
probability at a resin-metal joint[10].

The main problems are the material defects at the
interface between the reinforcing materials (metal or
fibers) and the polymer, that could decrease the strength
of the prostheses. Several methods are utilized in the
practice of dental prostheses investigation [11-14] The
major disadvantage of the most of them consists in the
stiffness of general evaluation of big, complex and
anfractuous defects. The invasive characteristic of some
of this methods implies the desert of the investigated
prosthesis and lead to sample destruction[15].
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OCT is an emerging technology, representing a
paradigm shift over conventional light microscopy. It is a
tomographyc imaging technology capable of producing
high-resolution cross-sectional images of the internal
architecture of materials in a non-invasive manner. OCT
images provide microstructural details that cannot be
obtained with any other imaging modalities[16]. Advances
in OCT technology, on the optimal use of galvanometer
scanners for lateral scanning in OCT [17, 18] have made it
possible to apply OCT in a wide variety of applications, but
medical applications are still dominating. Specific
advantages of OCT are its high depth and transversal
resolution, the fact, that its depth resolution is decoupled
from transverse resolution, high probing depth in scattering
media, contact-free and non-invasive operation, and the
possibility to create various function dependent image
contrasting methods.

In dentistry, OCT was successfully used for acquiring
images of incipient and advanced carious lesions[19-21],
for the evaluation of the microleakage of dental
restorations[22, 23] and endodontic fillings [24-28], the
dental implant status[29], the integrity of complete
dentures [30-33] and various dental prosthesis, their quality
and their marginal fitting[34, 35], for early characterization
of occlusal overloaded teeth and dental abfractions|36-
38] or for investigation of the temporo-mandibular joint
disc[39].

The aim of this study was to assess the quality of various
polymeric materials used in dental technology and to
validate the en face OCT defectoscopic evaluation of
polymeric dental prostheses by using scanning electron
microscopy (SEM).

Experimental part
Methodology

Several complete dentures and removable orthodontic
applinces were made of various materials using the
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conventional pressure-pack method or injecting
procedures, with reinforced bases with polymer
preimpregnated glass fiber, polyethylene fibers,
polyethylene and glass fiber net and golden metal net. Prior
to the investigations, the samples were stored for a week
in tap water at 37° C.

First, time domain optical coherence tomography
working in en face mode (TDefOCT) was employed to
evaluate the samples. Due to the capability of the en-face
OCT to generate views in orthogonal planes (B- and C-
scans) in real time, such an imaging method seems better
suited to deliver tomography information [40-44].

The system operated at 1300 nm, with a working
distance of 2 to 3 cm and depth resolution of 18 to 20 um
(in air), supplementary equipped with a confocal channel
operating at 970 nm. Confocal microscopy is here used to
guide the OCT investigation.

In order to validate the efOCT defectoscopic evaluation,
the samples were investigated by SEM, using the Inspect S
device (FEl WORLDWIDE CORPORATE HEADQUARTERS
North America NanoPort, Hillsboro, Oregon - USA). The
samples surfaces were scanned with a high-energy beam
of electrons, which interact with the atoms that make up
the samples producing signals that contain information
about the sample’s surface.,

High vacuum mode (10 “mbar) is used for imagistic
and micro analysis of conventional prepared probes. Low
vacuum mode (<270 Pa) is used for imagistic and micro
analysis of not prepared probes. The system owns a
wolfram filament in the electronic cone and works with
200V at 30kV. The current fascicle is >2 pA.

The resolution is 3.0 nm on standard specimen with
gold particles separated by carbon particles, in both
operational modes high and low-vacuum. The focusing
domain is 3-99mm and the magnitude is from 6x to
>1,000,000x on standard LCD display. The view field is the
same in high and low-vacuum (18mm at the largest
working distance).

Micro-computed tomography was also employed to
evaluate the samples. The device (Infinix, Model
RTP12303J-GIE, Toshiba Medical Systems Corp., Tustin,
CA) was working at 35 pm pixel, resolution >10 Ip/mm,
with a field of view (FOV) of 3.6 cm. The x-ray exposure
parameters were: 40 kVp, 1 mA and 300 ms exposure per
frame.

The samples were placed onto the rotary stage at a
magnification between 2 and 1.1, depending on the sample
size and scanned using one degree step increments. After

Fig. 1. Detection of areas with small canals in a
removable orthodontic appliance’s base
produced using the classical method. En-face
OCT proximal scanning, 5 mm lateral size, 0.28
mm depth inside
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projection acquisition they were reconstructed using a
(512) volume with a 45 pm? per voxel. The scanning was
performed from occlusal towards apical zone of the tooth.

Results and discussions

In all of the investigated samples, especially in the
samples made using the conventional pressure-pack
procedure were found defects which are totally included
in the prostheses material and may cause their fracture.
The polymeric material is very porous. The classical
method involves liquid powder mixing resin and
conventional pressure-pack procedure. During this
procedure, multiple air inclusions can be captured inside
the resin. The areas depicted present several small canals
ir; the base that can be colonized in time with bacteria (fig.
1).
For another sample, armed with metallic net, the
materials defects were identified at aproximative 627
micron (in air) in depth (fig. 2). The defects were
considerable bigger compared with those in samples
armed with fibers. The volume of these defects is around
0.032 mm?3. The defect resulted in the samples armed with
fibers is around 0.00015 mm?. This mean that the defects
in the samples armed with fibers are aprox. 0.4 % from the
defects in the samples armed with metallic net. This is
one of the many causes of fractures in the second type of
dental prostheses.

For a sample, reinforced with fibers, a small material
defect was spotted between the fibers and the polymer
resin. The first fibers stock was identified at aprox. 145
microns inside (fig. 3). At this depth the material defect
could easily lead to a fracture into the resin material. The
material defect identified between the fibers has a medium
size. The problems with the materials defects are the
possibility of interconnection during the loading and the
possibility of fracture induction that affect all the defects
situated in the same area of the sample.

In a sample reinforced with metallic net and made by
the conventional pressure-pack technique, using a PMMA
based material, we could identify defects at the interface
metallic net — polymeric material at 525-527 microns (in
air) in depth (fig. 4). The slices are separated by 0.021 mm.

SEM investigations evidenced the nonlinear aspect of
the interface between the polymeric material and the fiber
ge):inforcement and materials defects in some samples (fig.

Fig. 2. Aspects from the efOCT/CM investigation for sample 23 armed with metallic net
- 0,627 mm in depth (in air). The volume of the defects is around 0.032 mm?,
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Fig. 5. SEM investigations evidenced the nonlinear aspect of the
interface between the polymeric material and the fiber
reinforcement.

Conclusions

The defects identified above can lead to fractures of
prostheses or/and to bacterial infiltration. These represent
esthetic and functional failures of the treatment.

Dentures or removable orthodontic appliances with
reinforced base present defects especially at the interface
between the reinforcing material and the base polymer.

The samples made by injection methods are more
compact. The number of pores in the injected polymer
bases is reduced and therefore the risk of fractures is lower,
compared to them, made by the conventional pressure-
pack procedure.

The SEM evaluations allow observing the interested
zones by surface mapping. The nonlinear aspect of the
interface between the polymeric material and the fiber
reinforcement and materials defects in some samples
were evidenced.

In order to avoid future prosthetic failures, it is important
to employ a noninvasive imaging method such as the OCT
demonstrated here to assess the quality of dental
prostheses before theire insertion in the oral cavity.
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Fig. 3. Aspects from the efOCT/CM investigation
for a sample armed with fibers - 0.145 mm in
depth (in air).

Fig. 4. Aspects from the efOCT/CM
investigation for a sample made by the
conventional pressure-pack technique and
reinforced with metallic net - 0.525-0.527
mm in depth (in air). The polymeric
material is very porous.
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