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In Vitro Fitand Cementation Resistance
of Provisional Crowns for Single
Implant-Supported Restorations

Izabela Cristina Mauricio Moris, Juliana Elias de Oliveira, Adriana Claudia
Lapria Faria, Ricardo Faria Ribeiro, Renata Cristina Silveira Rodrigues

This study aimed to verify marginal fit and the effect of cement film thickness
standardization on retention of provisional crowns made with prefabricated acrylic
cylinders on abutments, using two temporary luting agents subjected or not to mechanical
cycling. Provisional crowns were made from bis-acryl (Luxatemp Fluorescence) or methyl
methacrylate (Duralay) resins on acrylic cylinders and marginal fit and cement film
thickness were evaluated. For retention evaluation, crowns were cemented with two
temporary luting agents: non-eugenol zinc oxide (Tempbond NE) or calcium hydroxide-
based (Hydcal) cements and subjected to tensile strength in a universal testing machine.
After cleaning, debonded crowns were cemented again, subjected to mechanical cycling
and retention was reassessed. The results of marginal fit and cement film thickness were
analyzed by Student's t-test while retention of cements before and after mechanical
cycling was analyzed using a mixed linear model. Methyl methacrylate crowns presented
greater marginal misfit (p=0.001) and occlusal cement film thickness (p=0.003) than
the bis-acryl ones. No difference was observed at axial cement film thickness (p=0.606).
Resins (p=0.281) did not affect crown retention, but luting agents (p=0.029) and
mechanical cycling (p=0.027) showed significant effects. The only significant interaction
was mechanical cycling*luting agents, which means that luting agents were differently
affected by mechanical cycling (p=0.002). In conclusion, the results showed that bis-
acryl resin associated to calcium-hydroxide luting agent provided the best retention and
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lower cement thickness.

Introduction

It is claimed that difficulties related to the use of
temporary removable partial dentures or adhesive prosthesis
forced the development of techniques aiming to decrease
healing period, simplifying the procedure, decreasing
the costs and offering comfort for the patients. Based
on this fact, immediate loading implants were proposed
for provisional prosthesis installation immediately after
implant placement, restoring esthetics and function to
the patients (1).

Special attention should be devoted to the details that
involve provisional prosthesis design and construction
in order to achieve successful aesthetic, functional and
biological results (2). Provisional prostheses should be the
prototype of the final prostheses made from a material
able to be repaired or partially prepared for necessary
corrections after installation in the mouth (3). For successful
provisional prostheses, knowledge of different materials and
products available on the market is necessary to optimize
the survival rate in use (4).

The retention of cemented crowns can be influenced
by several factors such as convergence angle, height and
surface roughness of the abutment (5). Different provisional
luting agents also offer different levels of retention. Multiple

temporary, tensile strength.

factors in oral environment such as temperature change,
pH and occlusal forces affect properties and retention of
provisional luting agents (6). Several studies reported the
use of non-eugenol zinc oxide and calcium hydroxide-
based luting agents in the clinical practice for temporary
cementation of implant-supported crowns (7-11).

The in vitro compressive cyclic loading is a condition
that can be used to simulate occlusal stress present in the
oral environment, affecting the retention of provisional
luting agents and predicting the in vivo behavior of these
materials (12,13).

The aim of this study was to evaluate the effect of
two materials used for provisional prostheses (methyl
methacrylate and bis-acryl composite) on marginal fit
and cement film thickness at abutment-cylinder interface
when prefabricated cylinders are used for provisional crown
construction, and then the effect of two temporary (a
calcium-hydroxide and a non-eugenol based) luting agents
and mechanical cycling on the retention of these crowns.

The work hypotheses were: 1- the material used for
provisional crown construction would not interfere on
the marginal fit and cement film thickness; and 2- luting
agent and mechanical cycling would not affect the crown
retention.



Material and Methods

The present study was divided in two parts. In the first
part, provisional crowns were made with two different
resins and their fit was evaluated. In the second part, these
provisional crowns were divided into two groups according
to the temporary luting agent to be used and the retention
was evaluated before and after mechanical cycling.

PART 1

Morse taper implants 4.3 x 13 mm (Titamax CM;
Neodent, Curitiba, PR, Brazil) were positioned in a stainless-
steel matrix (20 mm diameter x 20 mm high), with internal
walls that matched implant external dimensions. For
implant locking, a fixation screw was tightened in a lateral
hole of the matrix ensuring implant stability against lateral
and rotational movements. Universal abutments 4.5x4.0x1.5
mm (Neodent) were installed on the implants with the
recommended insertion torque of 32 Nem using a digital
torque meter (TQ 680; Instrutherm, Sdo Paulo, SP, Brazil).
Twenty four matrix-abutment-implant sets were made.

Provisional Crown Construction

Twenty-four cylinders for universal abutment (CM
4.5x4.0 mm, Neodent) were used to make the provisional
crowns. The cylinders were divided in two groups according
to the resin used for provisional crowns (Fig. 1). In Group 1,
provisional crowns were made using methyl-methacrylate
resin (Duralay; Reliance Dental Mgf. Co., Alsip, IL, USA) (DUR)
(n=12) while in Group 2, was used a bis-acryl composite
resin (Luxatemp Fluorescence; DMG Dental Material
Gesellschaft, Hamburg, Germany) (LUX) (n=12). A crown was
waxed on a cylinder following the axial alignment. Then,
to standardize crown construction, a condensation silicon
mold (Zetaplus; Zhermack, Rovigo, Italy) was fabricated

Acrylic cylinders for universal abutments
(n=24)
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Figure 1. Chart representing study sequence from acrylic cylinders to
tensile strength after mechanical cycling.
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involving wax crown and stainless-steel cylinder where
implants and abutments were installed. The mold was
divided into two parts and remounted at the moment of
resin application on cylinders to obtain similar provisional
crowns. Provisional crowns were stored in distilled water
at 37 °C until the tests were performed.

Cement Film Thickness and Marginal Fit

The cement film thickness at the interface of the
provisional crown and the universal abutment was
evaluated according to previous study (14). A polyvinyl
siloxane light impression material (Honigum-Light; DMG)
was applied in the provisional crown that was placed on
the abutment for 5 min under a 4 N load using a dental
surveyor (Fig. 2A). After impression material curing, the
provisional crown was removed and A polyvinyl siloxane
medium impression material (Honigum-Mono; DMG) with
contrasting color was applied in its inside until complete
filling, This impression was positioned in a matrix, the
provisional crown was removed (Fig. 2B), and more polyvinyl
siloxane medium impression material was added to embed
the first impression (cement film thickness). This set was
divided in two parts, and each part was analyzed using a
S8APO stereomicroscope (Leica Microsystems, Heerbrugg,
Switzerland) with a digital camera DFC250 (Leica) in a 40x
magnification. The cement film thickness was measured
on the occlusal and axial faces (Fig. 2C).

Figure 2. Method used for evaluation of cement film thickness. A-
Crown with polyvinyl siloxane light impression material film inside;
B- Set positioned in another matrix after cylinder removal. A ring was
coupled and markings were used to identify the buccal-lingual limit;
C- Image of piece of polyvinyl siloxane medium impression material
presenting polyvinyl siloxane light impression material (cement film
thickness) inside after cut following buccal-lingual limit. Lines indicate
tool used for measuring cement film thickness in the software and the
analyzed regions.
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Marginal fit of the provisional crowns to universal
abutment was measured. Three measures were performed
in four regions (buccal, lingual, mesial and distal faces),
and an optical microscope (Nikon, Kogaku, Japan) was
used in a 15x magnification. The mean value of marginal
fit was used for analysis.

The marginal fit and cement film thickness at axial
and occlusal faces were analyzed by Student's t test
for independent samples using IBM SPSS software (IBM
Corporation, Somers, NY, USA).

PART 2
Provisional Crown Retention

Provisional crowns of DUR or LUX resin were subdivided
in two groups according to the used temporary luting
agent: non-eugenol zinc oxide-based (Temp Bond NE;
Kerr, Orange, CA, USA) (TB) or calcium hydroxide-based
(Hydcal; Technew, Rio de Janeiro, RJ, Brazil) (HC). Each
luting agent was manipulated according to manufacturers’
recommendations and provisional crowns were placed
under digital pressure simulating clinical procedure. After
cementation, samples were stored in 100% relative humidity
environment for 24 h at 37 °C (6,9,10) and subjected to
tensile strength test with a 500 kgf load cell in a universal
testing machine EMIC MEM 2000 (EMIC, Sio Jose dos
Pinhais, PR, Brazil) at a 0.5 mm/min crosshead speed. After
testing, the samples were ultrasonically cleaned, cemented
again, stored in 100% relative humidity environment for
24 h at 37 °C, and subjected to mechanical cycling.

Mechanical Cycling

For mechanical cycling, stainless-steel matrix-implant-
universal abutment-provisional crown sets were positioned
in the electromechanical fatigue test machine (MSFM
Termo; Elquip, Sdo Carlos, SP, Brazil). The equipment was
calibrated to operate under a 50 N static load and 2 Hz
frequency, performing 500,000 cycles, which represents 18
months' clinical use (15). Samples were loaded individually
and remained immersed in deionized water at 37 + 1 °C
during the test. After mechanical cycling, samples were
submitted to tensile strength test as described above for
the evaluation of retention.

The retention data of provisional crowns with two

Table 1. Marginal fit values (um) of provisional crowns made using

temporary luting agents before and after mechanical
cycling was analyzed using a mixed linear model with
IBM SPSS software. This model, which is a generalization
of the standard linear model (ANOVA), is used in the
analysis of data in which the responses (retention) of the
same specimen are grouped (before and after mechanical
cycling), and assumption of independence among the
observations in the same group is not adequate. There
was one factor with two levels within group (before and
after mechanical cycling) and two factors (cements and
resins) with two levels (HC and TB/LUX and DUR) between
groups. To use this model, it is required that the errors
have a normal distribution with mean zero and constant
variance. Differences were considered significant when
p<0.05. Additionally, cement film thickness/marginal fitand
retention results were submitted to Pearson’s correlation
test (p<0.05).

Results

The marginal fit data are presented in Table 1. The
marginal fit of provisional crowns made of DUR was greater
than LUX (p=0.001).

The cement film thickness data are presented in Table
2. The cement film thickness at axial face (p=0.606) of
DUR and LUX provisional crowns was statistically similar,
but different on occlusal face (p=0.003).

The retention measured by tensile strength values (Table
3) and its statistical comparison (Table 4) demonstrated
that retention was affected by temporary luting agents and
mechanical cycling, but the resins did not interfere with
retention. The only significant interaction was mechanical
cycling®luting agents, which means that temporary luting
agents were differently affected by mechanical cycling.
Crowns cemented with HC improved their retention after
mechanical cycling regarding the used resins while TB
retention was not affected by cycling.

Retention (before or after mechanical cycling) was not
correlated to cement film thickness or marginal fit (p>0.05).

Discussion
The work hypotheses were rejected because the
provisional crown material interfered on the marginal fit

Table 2. Cement film thickness values (um) of provisional crowns made
using LUX or DUR resin at axial and occlusal faces

DUR or LUX resin Groups Axial Occlusal
Groups LUX DUR LUX 97.6 (31.4)A 286.4 (53.1)A
Marginal fit 18.5 (7.2)A 60.6 (33.2)B DUR 104.5 (32.5)A 679.4 (353.3)B

Results are presented as mean (standard deviation). Different letters
indicate statistically significant difference (p<0.05).
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Results are presented as mean (standard deviation). Different letters
within columns indicate statistically significant difference (p<0.05).



and cement film thickness at occlusal face; retention was
affected by luting agent and mechanical cycling.

Acrylic cylinders for universal abutments promise to be
an advance in construction of provisional crowns because
components are prefabricated and the procedure can
be simplified by minimizing relining requirement. In the
current study cylinders were used as base and resins were
added to make the provisional crowns; some parameters
such as marginal fit, cement film thickness and retention
were evaluated after provisional crown construction.

In the present study, DUR provisional crowns presented
greater marginal misfit than LUX crowns. This difference
may be attributed to the polymerization shrinkage
of different resins which causes dimensional changes
of the temporary restoration (16). Materials based on
monomethacrylates are usually supplied as powder/liquid
and their shrinkage is dependent on the powder/liquid
ratio. The addition of more liquid to the mix increases
shrinkage (16,17). The same power/liquid ratio has been
used in the present study even though the ratio of power/
liquid was not provided by the manufacturer. On the other
hand, bis-acryl resins are provided by the manufacturer in
cartridges of self-mix system ensuring material availability
in the correct proportions (16). Then, the probable reason
for the higher variability in marginal fit of DUR provisional
crowns is the lack of manufacturer information on the
correct material proportion. In addition, the filling particles
in the composition of bis-acryl resins decrease the fraction
of monomer required for the polymerization, decreasing
polymerization shrinkage (16). Therefore, the marginal
misfit appears to be consequence.

Although some difference was noted between the
marginal fit of the restorations made with different resins,
marginal misfits observed in the present study were less
than 90 pm, a positive aspect for the evaluated materials
which reproduced provisional crowns whose misfit was
lower than those considered acceptable in the literature.
Some studies related misfits around 900 um (18,19), a great

Table 3. Provisional retention (N) of LUX or DUR crowns cemented with
different provisional luting agents before and after mechanical cycling

Resin Luting agent Before After
HC 24.5 (4.8) 56.9 (29.5)
LUX
TB 37.7 (16.1) 32.4 (21.9)
HC 28.0 (11.9) 55.1 (25.5)
DUR
TB 25.3 (11.2) 16.4 (5.6)

Results are presented as mean (standard deviation).
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value compared to the acceptable values of 50 to 100 pm
(20). The reason for this difference in relation to other
studies is probably due to the use of acrylic cylinder that
acts minimizing misfit. Because the cylinder is provided by
the manufacturer, strict standardization is expected and
better fit of cylinder and universal abutments subject to
less influence of polymerization shrinkage than crowns
obtained without the cylinder. Further studies comparing fit
of provisional crowns that used or not acrylic cylinders for
crown construction are expected to answer this question.

The volumetric shrinkage can also generate stress inside
the restorations, mainly on axial and occlusal faces (16). In
the present study, the cement film thickness was affected on
occlusal face by the resin used for provisional restoration.
Nevertheless, greater misfit and occlusal cement film
thickness of DUR crowns did not imply in less retention
as proved by the correlation test.

Crown retention was not affected by materials used
for provisional construction in the current study, as other
studies affirm that retention is not affected by the material
used for provisional crowns (10,21). On the other hand,
there is no concern in the literature about the effect of
the temporary luting agent. If there is a study relating
difference of retention between calcium-hydroxide and
non-eugenol zinc oxide-based cements (22), it is related

Table 4. Statistical comparison

Luting  Mechanical

Comparison Resins . p value
agents cycling

Resins LUX=DUR 0.281

Luting agents HC>TB 0.029

Cycling Before<After  0.027
0.225

I:SZT:SX Luting DUR  HC>TB 0.017
LUX HC=TB 0.453

0.610

Resins x Cycling DUR Before=After ~ 0.190
LUX Before=After ~ 0.059

0.002

Luting agents HC  Before<After  0.000

x Cycling
B Before=After 0.381
0.994
HC Before<After  0.010
Resins x Luting DUR

TB Before=After  0.365
HC Before<After  0.003
TB Before=After 0.717

agents x Cycling

LUX

471

Fit and cementation of provisional crowns



L.C.M. Moris et al.

Braz Dent J 26(5) 2015

similarly in another study (10). The present study agrees
with the last study because crowns cemented with HC
presented greater retention than TB. Several studies showed
that non-eugenol zinc oxide-based cements are the least
retentive among temporary cements (22,23) especially
when abutments were not prepared or rough (8), as in
the present study.

The temporary luting agents evaluated in this study
presented different behavior when provisional crowns
were submitted to tensile strength test before and after
mechanical cycling depending on the materials used to
make the crowns. According to some authors, the increased
number of compressive cycles is able to improve retention
(13) while others argued that there is no correlation
between an increased number of loading cycles and
decreased retentive forces. (12) Thus, in the present study
great number of mechanical cycles was not used.

In this study the significant interaction mechanical
cycling®luting agents means that temporary luting agents
were differently affected by mechanical cycling. This
suggests that different results of several studies are probably
due to the materials used for cementation. Additionally,
it is difficult to compare the retention among different
studies, because there are several abutment designs with
different degrees of taper and surface roughness (5,13)
affecting retention irrespective the used cement or cycling.

Crowns cemented with HC improved their retention
after mechanical cycling but TB retention was not affected
by cycling, as observed in previous study (7). Mechanical
cycling may introduce stress at the crown interface, but
retention is not correlated to flexural strength for non-
eugenol zinc oxide-based cements (9). Although calcium
hydroxide-based cements have been used as temporary
luting agents (7,10), there is little information available
in the literature correlating its mechanical properties and
retention. However, it has been suggested that mechanical
strength of commercial luting agents could not be a
predicting factor for crown retention to implant abutments
(11). Further studies are required to help understanding the
luting agent's behavior.

It was concluded that bis-acryl composite (LUX)
restorations used with calcium-hydroxide cement (HC)
provide greater retention for clinical application.

Resumo

O objetivo deste estudo foi avaliar a adaptacdo marginal e o efeito
da espessura da camada de cimento na retencdo de coroas provisorias
fixadas sobre os pilares com o auxilio de cilindros acrilicos pré-fabricados,
utilizando dois cimentos provisérios submetidos ou ndo a ciclagem
mecanica. Coroas provisorias foram confeccionadas com resina bis-acrilica
(Luxatemp Flourescence) ou resina a base de metil metacrilato (Duralay)
sobre os cilindros, para posterior avaliacdo da influéncia das diferentes
resinas na adaptacao marginal e na espessura da linha do cimento. Para
a avaliacdo da resisténcia a tragdo, as coroas foram cimentadas com dois
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cimentos provisorios: a base de oxido de zinco sem eugenol (Temp Bond
NE) ou hidréxido de célcio (Hydcal) e submetidas ao teste de tragio em
maquina universal de ensaio. Apos o ensaio, as coroas foram limpas e
novamente cimentadas para serem submetidas a ciclagem mecanica e
posterior avaliacdo da resisténcia a tracdo. Os resultados obtidos para
adaptacdo marginal e espessura do cimento foram analisados pelo teste
t de Student, enquanto os resultados de resisténcia a cimentagio antes e
apos a ciclagem mecanica foram analisados pelo modelo linear de efeitos
mistos. As coroas confeccionadas com a resina de metil metacrilato
apresentaram maiores valores para desadaptacio marginal (p=0,001) e
espessura do cimento (p=0,003) na parede oclusal quando comparadas
com as coroas de resina bis-acrilica. Nao houve diferenca na espessura do
cimento (p=0,606) na parede axial das coroas provisorias. As diferentes
resinas ndo afetaram a resisténcia a cimentacio das coroas (p=0,281),
mas os diferentes cimentos (p=0,029) e a ciclagem mecanica (p=0,027)
mostraram efeitos significantes. A Unica interagdo significante foi
ciclagem mecanica * agente cimentante, o que significa que os cimentos
foram diferentemente afetados pela ciclagem mecénica (p=0,002). Em
concluséo, a associagao resina bis-acrilica e cimento de hidréxido de calcio
proporcionou melhor resisténcia a tracdo e menor espessura de cimento.
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