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ABSTRACT

Background and objectives: There has been a lack of studies regarding the marginal seal and structural
durability of a novel temporary crown system (Hi-tempo) manufactured from a polylactic (PLA) based resin
thermoplastic material especially in terms of cyclic loading. Therefore, the purpose of this pilot study was
to investigate the efficiency of this novel temporary crown system’s (Hi-tempo) marginal seal and structural
durability in terms of cyclic loading.

Methods: A crown preparation was duplicated in bovine teeth (n =15) using a copy mill machine. The
specimens were divided into three groups and temporary crowns were fabricated that consisted of: control
group, Luxatemp (bis-acrylic), Hi-tempo crown, PLA based and Hi-tempo window type crown, PLA based
with resin cusps. Marginal dimensional change was measured before and after cyclic loading with a 93.36
N force, 0.63 HZ, for 45360 cycles (stimulating 21 days in vivo) in water pigmented with a red dye. The
marginal change was statistically analysed and the surface roughness was analysed using scanning electron
microscopy (SEM).

Results: Statistical significance (p<0.05) was found in the marginal changes of the control versus the Hi-
tempo window and the Hi-tempo groups. SEM analysis revealed that the control crowns, had a much
rougher surface with micro-cracks compared to PLA based crowns which had homogenous surfaces. All
the specimens showed leakage of the red dye into the internal fitting surfaces of the crowns.

Conclusions: The novel system showed promising and comparable results in terms of structural durability
and marginal seal compared to the conventional system.

© 2020 Joanne Jung Eun Choi. Hosting by Science Repository.

Introduction

There are currently a wide variety of provisional materials and associated
techniques that are used in the dental field for fixed restorations [4]. The

Provisional restorations play an important role in fixed prosthodontic
treatment. Their goal is to stabilize the prepared tooth, protect it from the
harsh oral environment and provide natural aesthetics [1]. Overall a
provisional restoration performs very similar functions as a permanent
crown however, with the main difference being the material the
restoration is fabricated from [2]. Because temporary crowns are usually
placed in the mouth for just a few weeks, the material does not need to
withstand masticatory forces for long periods of time like a permanent
crown. However, it still needs to meet the requirements which reflect the
demands of a temporary crown [3].

most common materials used for provisional restorations are acrylic
resins [5]. These materials need to produce an appropriate marginal
adaptation, not irritate the dental pulp and gingival tissues, should have
low thermal conductivity, should be easy to handle and have adequate
strength [6].

The choice of material is influenced by the technique that is used to make
the temporary restoration. Such techniques are direct, indirect or in some
cases a combination of indirect and direct [7]. The indirect technique
involves the fabrication of the provisional restoration outside of the
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mouth, usually on a cast produced from an impression of prepared teeth
while direct technique involves making temporary crown directly on the
tooth [8, 9]. The most commonly used technique for manufacturing a
temporary crown is the direct technique due to its shorter chair time and
smaller treatment costs for the patient [10].

Whichever conventional techniques that is used to produce a temporary
crown, there is still a relatively long chair time which is costly [9].
Therefore, there is a demand for a new system that will provide a faster
and a more cost-effective way of manufacturing temporary crowns. One
such solution that has been a recent introduction into the dental field is
preformed crowns, in particular, temporary crowns made from polylactic
acid (PLA) based thermoplastic resin material (Hi-tempo). The
thermoplastic crown system consists of malleable plastic and it works by
being softened in hot water (above 70 Degrees Celsius) and adapted
straight onto the prepared tooth. The use of such PLA based
thermoplastic material is a new development when it comes to dental
prosthesis. Because PLA is a polymer which is made from renewable
resources such as starch and sugar, some of the promising aspects of it
is that it is sustainable, biodegradable, and biocompatible [11]. This
means it has potential to save multiple resources and make treatment
time faster while being sustainable, which in the modern day is an
important factor for any industry [12]. However, the thermoplastic
temporary crown system still requires further assessment of the marginal
integrity and structural durability due to it being a relatively new system.
Therefore, the purpose of this pilot study is to evaluate the marginal seal
and structural durability of this novel material in terms of cyclic loading.

Materials and Method
| Master Die Preparation

15 crown preparations were prepared in a two-part process. In the first
phase, 15 bovine incisors were selected to simulate human teeth. They
were cleaned from debris tissue; the pulp was removed from the pump
chamber and the top third of incisal edge was removed with a diamond
burr. A brass pin was inserted into the pulp cavity, it was filled with
Filtek™ Supreme XTE composite (3M™ ESPE™, USA) to stimulate
dentine and left for 12 hours to fully set. The tooth was then mounted in
SR Ivolen (lvoclar Vivadent, Liechtenstein) to secure the specimen for
copy milling into the shape of a typical full coverage crown preparation.

In the second phase, a standard posterior crown preparation of maxillary
first premolar (Ivoclar Vivadent IPS e.max training Kit, Liechtenstein)
was scanned using Ceramill map400 scanner (Amann Girrbach,
Austria). The scanned die was shrunk 20% in the Cura 3D Printing
Slicing Software (Ultimaker) and the STL file was sent to a 3D printer
(Ultimaker 3 Extended, USA) and printed using PLA material. The 20%
shrinkage compensated for the copy mill machine (Amann Girrbach
ceramillbase, Austria) milling 20% larger which cannot be adjusted.
Each bovine specimen was individually milled from the same master die.
The bovine crown preparations were stored in artificial saliva (Biotene
Saliva substitute, USA) until needed.

11 Specimen Preparation

The 15 bovine crown preparations were randomly divided into three
sample groups of five specimens each. Temporary crowns for each group
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were manufactured and bonded to the preparations using the materials
listed in (Table 1). To prepare the specimens for group A, a matrix of a
standard posterior crown of the first premolar (Ivoclar Vivadent IPS
e.max training kit, Liechtenstein) was made from silicone putty (Exaflex
Putty, GC, Japan). The matrix was placed on top of the preparation and
filled with temporary crown self-curing resin (Luxatemp Fluorescence
DMG, USA), similar to the conventional direct technique that is used in
the clinic [4]. The crown was cemented onto the bovine teeth using self-
curing temporary cement (Temp-Bond™ Temporary Dental Cement,
Kerr Dental, USA).

Table 1: Groups that were tested in the study and the according
materials, cement materials and manufacturers information.

Group Material of Manufacturer | Cement material
temporary
crown
Group A | Bis-acrylic Luxatemp Temp-Bond™
(Control Fluorescence Temporary Dental
Group) DMG, Cement, Kerr

N=5 America Dental

Group B | Hi-tempo Hitem, Korea Resin cement with
N=5 window type nano-filler

crown particles, Hitem

(PLA based

resin) with

resin

cusps

Group C | Hi-tempo Hitem, Korea Resin cement with
N=5 crown (PLA nano-filler

based resin) particles, Hitem

To prepare the specimens for Group B, a matrix was made using the
vacuum press machine of a standard posterior crown of first premolar.
The Hi-tempo window crown (Hitem, Korea) was held in 75°c water for
~4 seconds and fitted onto the crown gently, applying light pressure to
ensure the best fit around the margin of the preparation. The clear matrix
was filled with PLA based resin (Hitem, Korea) and fitted on top of the
Hi-tempo window crown and light cured using a light cure machine
(Demi™ Plus, Kerr Dental, USA) for 20 seconds. The matrix was
removed and the crown was cemented onto the preparation with resin
cement (Hitem, Korea) and light cured for 20 seconds. The margin and
the areas of the crown that were modified were coated in a clear varnish
(Hi-Coat, Hitem, Korea) and light cured until set.

To prepare the specimens for group C, the Hi-tempo crown was held in
75°c water for ~4 seconds and fitted onto the crown gently, applying
light pressure to ensure a good fit at the preparation margin. It was
cemented onto the preparation with resin cement and light cured for 20
seconds. The margin and the areas of the crown that were modified were
coated with a clear varnish and light cured until set. For all the
specimens, a waterproof marker pen was used to place a small dot above
and below the margin on the buccal, lingual, mesial and distal side, the
distance between which was used for measuring any marginal change
during cyclic loading. The distance was measured using a stereoscopic
zoom light microscope (Nikon, SMZ800, USA) before and after cyclic
loading. Measurements were taken from the underside of the inferior dot
and topside of the adjacent superior dot. The mean and standard
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deviations of the gap changes were determined for each side of each
group as well as for the mean of all the sides of each group. The mean
marginal change values for each group were compared by means of
Kolmogorov-Smirnov test. The specimens were placed into a round

plastic chamber containing the red pigmented (red food colouring,
Hensells, NZ) artificial saliva (Biotene artificial saliva substitute, GSK,
UK), ratio 1:20 ml, prior to mounting in the custom made cyclic loading
machine.

Table 2: Descriptive statistics of the marginal change observed in three groups (n=5) including the mean, standard deviation (SD), median, P value and
95% confidence interval (Cl). Total mean marginal change is calculated Distance before cyclic loading - Distance after cyclic loading.

Side Group

Group A
Total mean marginal change

(Distance before -
after cyclic loading)

Group B
Group C
Group A

Buccal Change Group B

Group C

Group A

Lingual Change Group B

Group C
Group A

Distal Change Group B

Group C

Group A

Mesial Change Group B

Group C

* Statistically significant p<0.05
111 Cyclic Loading

The specimens were cyclic loaded in the central fossa of the occlusal
surface with a 93.36 N force at 0.63 HZ for 45360 cycles. This number
of cycles equates to 20 hours and is estimated to stimulate the maximum
chewing time by a healthy adult in a period of 21 days, which is
equivalent to the average number of days that temporary crowns are
placed in a patient’s mouth. To evaluate the structural durability of the
tested specimens, the specimens were first assessed visually under light
microscope on the axial and occlusal sides of the crown and again after
cyclic loading. Areas of change or damage were noted. Two specimens
from each group, one with the most visible damage and one with the
least visible damage, were selected for analysis using a JEOL JSM-
6700F field emission SEM (JEOL Ltd, USA). The samples were
prepared by mounting on aluminium pin stubs using double sided carbon
tape prior to coating with ~10 nm carbon in an Emitech K575X peltier-
cooled high resolution sputter coat (EM Technologies Ltd, Kent,
England) fitted with an Emitech 250X6 Carbon coater. The surface
roughness and other damage features of the specimens were compared.
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Mean

813.6

139.74

-221.92

229.4

125.95

-142.46

1028.76

-145.5

-132.92

844.28

-230.5

-386.7

1151.98

743.7

-225.6

95%CI

SD e . P-value
1677.83 28.34 1598.85
1258.31 -530.76 810.25 .000*
215.37 -322.72 -121.12
203.1 -22.85 481.57
12.64 12.23 239.67 016
95.87 2615 -23.42
2115.77 -1598.31 3655.83
77.19 -268.33 -22.67 016
93.33 -248.81 -17.03
1772.27 -1356.29 3044.85
780.17 -1199.21 738.21 065
234.4 -677.74 -95.66
2254.84 -1647.78 3951.74
2148.39 -1923.87 3411.27 061
309.42 -609.79 158.59

1V Nanoindentation Test

Cured samples of each of the materials used in the study were imbedded
in epoxy resin (EpoFix, Struers, Norway). The specimens were
sequentially polished to a <0.05 colloidal silica finish. Nano-indentation
was performed at a static load of 200mN with n=20 indents across the
bulk surface. Compliance of the load frame for the nano-indentation unit
was 0.2nm/mN. Post data analysis of elastic modulus and hardness were
performed using IBIS 2 software.

V Sectioning of Specimens for Visual Analysis

One specimen from each group was randomly selected, dehydrated and
cleaned in alcohol, and then infiltrated and embedded in epoxy resin
(EpoFix, Struers, Norway). The specimens were then sectioned
longitudinally using an MOD 13 diamond cut-off wheel on a Struers
Accutom-50 precision cut-off saw (Intellection Pty Ltd, Australia). The
specimens were then prepared to a final grit size of 4000 and final section
thickness of 1mm prior to viewing in the light microscope.
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Figure 1: Bar graph representing total mean and marginal changes and
mean marginal changes of each side of the tooth.

Results
| Marginal Gap Change

The mean marginal change for group A was 813.60 pm (£1677.83 SD)
95% CI [28.34, 1598.85], for group B was 139.74 um (+1258.31SD)
95% CI [-530/76, 810.25], and for group C was -221.92 um (+215.37SD)
95% CI [-322.72, -121.12], (Table 2). These results show that group A
had the biggest discrepancy and group B had the smallest discrepancy.
The positive values indicate the decrease of the margin gap size and the
negative values indicate the increase in gap size of the margin. Statistical
analysis revealed that when comparing group, A versus group B the P
value was p = 0.013 meaning the change in marginal size was
statistically significant. When comparing group, A versus group C the P
value was less than 0.001 meaning the change in marginal size was very
statistically significant. The mean of each individual side for each group
and relative statistical data was calculated and is shown in (Figure 1).
For group A the data showed that mesial side had a biggest marginal
discrepancy and buccal side had the lowest. For group B mesial side had
the biggest marginal discrepancy and buccal side had the lowest. For

Hardness
0.35
0.30
0.25
—0.20
o
o
g
T o015
0.10
0.00
HiTempo Higel HiCoat Luxatemp Temp cement
(cement/repair) (Varnish)

group C distal side had the biggest marginal discrepancy and lingual side
had the lowest.

11 Structural Durability

After cyclic loading the specimens in group A, all specimens survived
after cyclic loading for 20 hours, in group B, 1 specimen failed after 10
hours of cyclic loading, in group C, 1 specimen failed after 2 hours of
cyclic loading as shown in (Figure 2), giving a 80% survival rate in
group B and C and 100% surval rate in group A.

Survival rate of temporary crowns

5
4.5
4
35
3
25
2
15
1
0.5
0

Conventional HiTempo_Window HiTempo
Tested group

Number of crowns survived

® Cyclic Loading ending after 10 hrs ™ Cyclic Loading ending after 20 hrs
Figure 2: Bar graph representing survival rate of each group tested.

The nanoindentation test of the materials used for each group showed
crown Luxatemp (bis-acrylic) conventional temporary crown material
(used for group A) having the highest value for hardness and elastic
modulus and Hi-tempo temporary crown material (used for group C)
having the lowest value for hardness and elastic modulus (Figure 3).
SEM analysis showed that the conventional temporary crowns had a
rough surface with micro cracks. In contrast, the Hi-tempo group showed
a smooth and homogeneous surface due to its prefabricated nature. This
was similar to the Hi-tempo window group, but some surface cracks and
porosity was observed at the junction of the resin and the pre-made
temporary crown which is shown in (Figure 4). When analysing the
sectioned specimens visually, it was noted that the red dye had
penetrated (microleakage) though the margin into the fitting surface in
all the specimens (Figure 5).

Elastic modulus

HiTempo Higel HiCoat Luxatemp
(cemenl,ﬂ‘repawr (Varnish)

8.00

7.00

6.00

5.00

E (GPa)
&
=)
=]

Temp cement

Figure 3: Bar graph demonstrating hardness and elastic modulus results from the nano-indentation test.
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Figure 4: A) Occlusal surface of a conventional crown. Minimal damage
from the loading pin is seen; B) Rough and cracked surface of
conventional crown; C) Crack propagation in Hi-tempo window crown
and porosity of resin; D) The occlusal indentation from the cyclic
loading pin in Hi-tempo crown. Smooth and homogenous surface is

observed.
: B z

Figure 5: A) Cross section of the specimen representing group A; B)
Cross section of the specimen representing group B; C) Cross section of
the specimen representing group C.

Discussion

Having an adequate marginal seal and good structural durability are
some of the key factors that contribute to a successful temporary
restoration such as a crown [3]. In the literature, various studies have
been performed to test the conventional temporary crown’s marginal
integrity and structural durability, which includes testing it under cyclic
loading in stimulated oral environment [13]. However, in the current
literature, there are no studies that have tested the novel Hi-tempo
temporary crown system. The novelty of this system is that the
restorations come in pre-shaped form and made from PLA based resin
thermoplastic material. Use of such a system could potentially save
resources such as chair time and costs of treatment. Hence, the objective
of this study was to evaluate the efficacy of a novel temporary crown
system (Hi-tempo) marginal seal and structural durability in terms of
cyclic loading.

The methodology described in this report includes a novel system of
manufacturing a crown preparation. In the literature, many studies that
conducted marginal integrity tests used artificial dies such as lvolen
material or metal (stainless steel) dies [3, 14]. Even though these are
widely used methods, it raises the concern that these materials are
biologically different to human teeth which could compromise the bond
between the crown preparation and the temporary crown. The use of
bovine teeth to simulate human teeth for mechanical testing has been
observed in the literature for many years [15]. Even though extracted
human teeth have been used in some studies and they are usually
preferred, they are difficult to obtain and require an ethical approval
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process that could be time-consuming [16]. The use of bovine teeth is
well established for dental material bond strength testing but there is a
little literature regarding using bovine teeth to manufacture a crown
preparation used for crown marginal integrity testing [17]. In this study,
a novel method of copy milling the bovine teeth for the crown
preparations was used. The bovine teeth were manually milled using a
3D printed die by means of a copy mill machine. Because the samples
were copy milled using an existing 3D printed preparation, the 15 bovine
teeth preparations had accurate dimensions and parameters similar to a
crown preparation that could be seen in the clinic. Therefore, due to the
specimens being identical the results that were produced from this study
would be more clinically relevant. Furthermore, in past studies where
human teeth were used to test marginal integrity, the teeth were cut to
shape manually which introduced an inconsistency to the study and the
results [18].

When the specimens were tested for marginal integrity the difference
between the average marginal changes were statistically significant
(p<0.05) between the conventional (Group A) versus the Hi-tempo
window (Group B), and Hi-tempo (Group C). However, some ranking
change between the individual sides was present. The conventional
temporary crown specimens in group A showed the biggest marginal
discrepancy (813.60 um). The values of the marginal change mean of
individual specimens and the total marginal change mean of group A
were all positive. When looking at the total marginal change group B had
the lowest marginal discrepancy (139.74 pm). However, when
considering the mean marginal changes for individual sides they
consisted of negative and positive values. The positive values indicated
a decrease in the gap size and the negative indicated an increase.

One aspect to note when considering marginal change of all the groups
is the cement that was used for each sample. According to Rosenstiel and
Gegauff (1988) the temporary luting material should have low strength
and an obtundent effect on freshly prepared dentin. This is important
because all traces of temporary cement must be removed to maximise
adhesion when the permanent restoration is placed [19]. For group A
the temporary cement that was used was zinc-oxide eugenol-based
(ZOE). This cement has relatively low strength compared to other
cements used in the market, which might have resulted in larger marginal
change [20]. During the cementation the luting resin can result in
polymerization shrinkage therefore decreasing the marginal gap [21]. In
previous literature, it is noted that adhesion may be distributed by the
development of shrinkage stress [22]. Furthermore, temporary cement is
critical for a successful temporary restoration as it aids in providing a
seal between the temporary crown and the tooth preparation. However,
when visually analysing the cross section of specimens from each group
some staining from the dye was noticed in all specimens which means
that during cyclic loading of the specimens some liquid has penetrated
through the marginal seal. This also could mean that in the clinical
setting, due to microleakage, bacteria could also penetrate the marginal
seal.

When considering the luting agent used with group B and C which was
a resin-based cement with nano-filler particles, this resin is used as a
cement and to build up crown cusps therefore the properties of it differ
from the ZOE cement. This different is shown in the nanoindentation test
results (Figure 3). The hardness and elastic modulus of temporary
cement used in group A was 0.03H (GPa) and 0.49E (GPa) respectively
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and the resin cement used for groups B and C was 0.12H (GPa) and
2.95E (GPa) respectively. This may be the reason that group B and C
had lower marginal discrepancies as the Hi-gel cement was around four
times harder which could affect the margin integrity. However, the fact
that the hardness and elastic modulus is much greater than of ZOE
cement, could possibly raise the question whether it would be harder to
remove all the residual cement from the preparation prior to bonding the
permanent crown. Therefore, further studies should be conducted to test
this.

When considering the mean dimensional changes of the individual sides
of all the specimens some ranking change was noticed. The distal and
mesial sides had biggest discrepancies in the three groups, whereas
buccal and lingual sides had the smallest discrepancies (Figure 1).
Therefore, this displays a pattern of the marginal changes according to
which side it was. A possible reason for this could be the crown
preparation design. Due to the nature of the tooth, the mesial and distal
sides had shorter axial walls to the margin than buccal and lingual sides.
Because this type of preparation is observed in most clinical situations,
these results might be more clinically relevant compared to studies where
a die with the same length of axial wall provides a uniform all-round
circumference [14].

The indentation tests and the SEM images that were taken provided a
better understanding of the structural durability of the materials that were
used in this study. The conventional temporary crown material used for
group A showed larger hardness and elastic modulus. The materials used
in group B and C showed a significantly lower hardness and elastic
modulus (Figure 3). The SEM images that were taken of group C (Figure
4) showed an indentation from the loading pin on the occlusal aspect of
the crown. This indentation was also visible upon initial inspection of
the crown. The SEM images of group A did not reveal any indentations
to the same extent where the pin contacted the occlusal aspect. These
observations coincide with the indentation test results as the material
with lower hardness showed greater indentation in the occlusal area.
However, it should be noted that in the mouth the temporary crowns
would not be loaded on one area constantly like the pin was, but the
forces would be more spread out across the occlusal table of the crown.

When visually examining the surface texture of axial walls of the
specimens, group B and C had much smoother surfaces than group A
(Figure 4). In addition, the cusps of group A appeared to have a number
of micro cracks of various depths and length along the surface.
Formation of these micro cracks appears to be due to the stresses that
were introduced due to cyclic loading. The presence of the micro cracks
are potential sites of crack initiation which could propagate to failure
thereby shortening the life of the crowns were they cyclic loaded for a
longer period than carried out in the study. In contrast, the crown surface
areas of group B appeared more homogenous (Figure 4). This is due to
the crown being made from a PLA resin-based material and the
preformed nature of axial walls. However, even though the cusps were
built up in resin, the intersection of the two materials was not easily
identified thereby providing a homogenous surface for the temporary
crown. The crown surfaces of group C were homogenous in appearance
due to being preformed from the PLA material. No micro cracks were
observed. The smoother surfaces in the area of the margins of the crowns
in group B and C has positive implications for reduced biofilm adhesion
when patients carry out routine oral hygiene, especially interproximally.
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There were some limitations to the study. Despite statistical analysis
showing statistical significance between the conventional temporary
crown group and Hi-tempo groups the sample size of five for each group
was too small to make definite conclusions. The data for each group was
also widely distributed which is also a limitation. Therefore, in future,
studies on a bhigger sample size (of at least 10 specimens per group
similar to previous studies in this area of research cited in the literature)
is recommended [13, 23].

Conclusion

Within the limitations of this pilot study, the marginal change of the
conventional temporary crowns versus the thermoplastic crowns was
significantly greater (p<0.05). The surface texture and structure of the
conventional crown system appeared to be rougher and filled with micro
cracks in contrast to the two PLA systems which showed smoother more
homogeneous surfaces. The two PLA systems showed greater
indentations from the occlusal contact cyclic loading pin than the
conventional acrylic crown system.
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