
RESUMEN
El objetivo fue evaluar el espesor de película de cementos
resinosos de autograbado. Se utilizaron los siguientes materi-
ales Grupo 1: Relyx U100 (3M /ESPE), Grupo 2 BisCem
(Bisco), Grupo 3: Max Cem (Kerr), Grupo 4: Set (SDI) y Grupo
5: Relyx ARC (3M/ESPE) como control. Se emplearon dos
superficies de vidrio de 25.4 x 76.2 x 1 mm., señaladas en su
parte media con una marca, para ubicar el material sobre la
misma área. Se utilizó un volumen de 0,05 ml. de material para
cada probeta. Se esperó 1, 3 o 6 minutos para aplicar una
carga de 50 N durante 1 minuto. Trascurrido dicho lapso cada
probeta se sometió a lectura de espesor de película utilizando
un micrómetro digital, con una precisión de 1um; (Digimatic,
Mitutoyo Corporation, Japón.). Los datos fueron analizados
mediante ANOVA y test de comparaciones múltiples de Bon-
ferroni, no hubo diferencias significativas entre los materiales

evaluados (p = 0,0921), ni en la interacción material / tiempo
(p = 0,0864), pero si existieron diferencias en relación al fac-
tor tiempo (p = 0,0001). Al minuto el menor espesor de película
correspondió a Relyx ARC (control) con un valor de 14 µm,
seguido por Relyx U100 (17 µm), BisCem, Maxcem y SeT pre-
sentaron un valor de 19 µm. A los 3 minutos el grupo 5 (control)
presentó también el menor espesor (19 µm), seguido por el
grupo 1 (21 µm), grupo 3 (25 µm), grupo 2 (29 µm), y grupo 4
(31 um). A los 6 minutos el grupo 4 mostró el menor valor con
34 µm, seguido por grupo 1 (38 µm), grupo 5 (40 µm), grupo 2
(41 µm) y grupo 3 (42 µm). El espesor de película de los cemen-
tos resinosos se vió influenciado por el tiempo y reacción de
polimerización. Los cementos de autograbado presentaron un
reducido espesor de película. 

Palabras clave: cementos resinosos, espesor de película.

ABSTRACT
The aim of this study was to evaluate the film thickness of self-
etching resin cement. The following materials were used:
Group1, Relyx U100 (3M /ESPE); Group 2, BisCem (Bisco);
Group 3, Max Cem (Kerr); Group 4, Set (SDI) and Group 5,
Relyx ARC (3M/ESPE) as control. Two 5.4 x 76.2 x 1 mm glass
slides were marked in the center to identify the area where
the material would be placed. A volume of 0.05 ml was used
for each specimen material. After 1, 3 and 6 minutes, a 50 N
load was applied for one minute. The thickness of each spec-
imen was then measured using a digital micrometer to the
nearest 1 µm; (Digimatic, Mitutoyo Corporation, Japan.).
Data were analyzed using ANOVA and Bonferroni’s multiple
comparison tests. No significant difference was found between

the materials tested (p = 0.0921) or material/time interaction
(p = 0.0864), but there were differences in the time factor 
(p = 0.0001). At one minute, the thinnest film was Relyx ARC
(control) (14 µm), followed by Relyx U100 (17 µm), and Max-
cem and SeT (19 µm). At 3 minutes, Group 5 (control) was
also the thinnest film (19 µm), followed by Group 1 (21 µm),
Group 3 (25 µm), Group 2 (29 µm), and Group 4 (31 µm). At
6 minutes, Group 4 was the thinnest (34 µm), followed by
Group 1 (38 µm), Group 5 (40 µm), Group 2 (41 µm) and
Group 3 (42 µm). The film thickness of resin cements was
influenced by time and polymerization reaction. The film
thickness of self-etching cements was low.
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INTRODUCTION
Luting agents are used to fix rigid restorations to
teeth and prevent them from becoming detached,
and to achieve an adequate marginal seal that will
ensure that the restorations last inside the mouth1,2 .
It is important to select and use luting agents cor-
rectly because many of their advantages are lost if
the wrong system is used2.

Composite or resin cements have interesting physi-
cal and mechanical properties compared to other
dental cements such as zinc phosphate3,4. These
advantages include low solubility, high flexural
resistance, low marginal leakage and better reten-
tion5-8. Another important factor to consider is film
thickness in order to achieve a rigid restoration
without alterations in the seating, to prevent mar-
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ginal misfit and alterations in its location in the
occlusal direction. Adequate cement thickness (40-
50 µm)9,10 and an appropriate volume of material
reduce the need to create escape routes, and opti-
mize the seating of the restoration, improve mar-
ginal fit, provides less exposure of the cement to
mouth fluids and minimize contraction stress dur-
ing polymerization by reducing the interface.11-13

Film thickness may directly affect the long-term
clinical success of cemented restorations. Various
factors affecting thickness have been analyzed,
including physical surface phenomena, chemical
interactions between materials and tooth, pressure
applied upon seating the restoration, how the dif-
ferent materials are handled, dead spaces within the
restoration, time between mixing and seating the
rigid restoration14-16. 
When attaching a restoration, during the luting tech-
nique it is necessary to consider both the intensity
and the duration of the seating force of the structure
to be attached. It is advisable to apply high pres-
sure, which should be maintained until the material
hardens, and to manipulate the material quickly and
carefully in order to improve its physical, chemical
and mechanical properties17.
Resin cement composition is based on a Bis-GMA,
UDMA, TEGDMA type resin matrix with an inor-
ganic reinforcing filler of glass, zirconium, silica or
silicates, usually 50%-70% by weight6.
Self-etching resin adhesive cements have recently
been introduced on the market. They do not require
treatment of the tooth structure, which incorporates
monomers with phosphoric acid groups (phospho-
rylated methacrylates) whose acidity enables dem-
ineralization of the tooth tissue and adhesion18. This
simplifies the technique and saves operational time
for the adhesive procedure19,20.
Progress in the field of research, technological
development and the production of a wide range of

self-etching adhesive cements led us to conduct this
study in order to determine whether these cements
have one of the desirable properties of cementing
agents: thin film.

MATERIALS AND METHODS
The testing method was adapted from ISO standard
4049:2000 for polymer-based restorative and luting
dental materials10.
The tests were performed in a laboratory under con-
trolled temperature (21°C ± 2°C) and relative mois-
ture ambient relative humidity (60% ± 10°C).
Table 1 shows the experimental materials used in
Groups 1 to 4 – self-conditioning resin cements, and
Group 5 (control) – a conventional resin cement.
Two 25.4 mm x 76.2mm x 1 mm glass slides were
used. Their centers were marked so that the materi-
al would always be placed in the same area. An
additional mark was made at one end of the slides
to ensure the same orientation for all samples
(Fig.1). The thickness of paired glass slides was
measured with a digital micrometer (Digimatic,
Mitutoyo Corporation, Japan) to the nearest 1 µm. 
Materials were handled following the instructions
of the respective manufacturers. 
A tuberculin syringe with modified tip (Figs. 2 and 3)
was used to measure 0.05 ml of each material. The
mixture was placed on a glass slide and covered
with another. After 1, 3 and 6 minutes, constant
pressure of 50 N was applied for 1 minute using a
dynamometer (Fig. 4), after which the film thick-
ness of each sample was measured using a digital
micrometer (Fig. 5). 
Thickness was measured at three points for each
specimen and time variable, and the arithmetic
mean calculated. Sample size was three specimens
for each material and time unit (n=9).
The values were subject to analysis of factorial vari-
ance and Bonferroni’s multiple comparisons test.
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Table 1: Experimental materials.

Group Experimental Material Manufacturer Lot

1 RELYX  U100 3M ESPE. DENTAL PRODUCTS.  USA. 424360

2 BISCEM BISCO INC. USA. 1100002087

3 MAXCEM KERR CORPORATION. U.S.A. 3498965

4 SET PP SDI.  AUSTRALIA S0905891

5 RELYX  ARC 3M ESPE DENTAL PRODUCTS. USA. N166655
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RESULTS
Table 2 shows the mean values for film thickness,
standard deviations for each experimental material
and study times. The thinnest film was Relyx ARC
(control) (14 µm), followed by Relyx U100 (17
µm), and BisCem, Maxcem and SeT (19 µm).
At 3 minutes, Group 5 (control) was also the
thinnest (19 µm), followed in increasing order by
Group 1 (21 µm), Group 3 (25 µm), Group 2 (29
µm), and Group 4 (31 um). At 6 minutes, Group 4
was thinnest (34 µm), followed by Group 1 (38 µm),
Group 5 (40 µm), Group 2 (41 µm) and finally
Group 3 (42 µm). These values are shown in Fig. 6.
Analysis of variance (Table 3) showed no statisti-
cally significant difference between materials (p =
0.0921) or material/time interaction (p = 0.0864),
but there were significant differences with regard
to time (p = 0.0001).
Bonferroni’s multiple comparison test shows sig-
nificant differences in time for the different experi-
mental materials (Table 4).
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Fig. 1: Marks on glass slides – in
the center for placing the cement
and at the top end for positioning.

Fig. 2: Tuberculin type syringe with modified tip for
standardization of the amount of luting agent to be used.

Fig. 3: Mixture loaded in the syringe.

Fig. 4: 50 N constant load applied
by dynamometer.

Fig. 5: 
Measuring 
luting agent 
film thickness 
with a digital
micrometer 
(Mitutoyo, 
Japan).

Fig. 6: Graphic representation of film thickness results in µm (mean val-
ues), expressed in Table 2.

Table 2: Arithmetic means and standard deviation.

Material Time in minutes Mean (µm) S.D.

Relyx U100 1 17 2

Group 1 3 21 1.2

6 38 2.4

BisCem 1 19 3

Group 2 3 29 3.6

6 41 2.1

MaxCem 1 19 2.6

Group 3 3 25 7.5

6 42 1.7

SeT 1 19 4.2

Group 4 3 31 7.8

6 34 9.8

Relyx ARC 1 14 1.7

Group 5 3 19 1

6 40 3.2
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DISCUSSION
Resin cements are used to achieve attachment
and sealing when a rigid structure is attached to
tooth tissues.
These materials need to have adequate consistency
– fluid enough according to the restoration to be
cemented – achieving appropriate film thickness8,21-23.
Cement spreading is a property that depends on the
time factor when there is a reaction that determines
its setting or change in state during that time7.
ISO standard 4049/2000 for polymer-based dental
materials10 establishes that polymer-based dental
cement films should be less than 50 µm thick.
Accordingly, this study used three waiting times: 1,3
and 6 minutes after preparing the mixture, followed
by the application of a 50 N load. Our results showed
significant differences for the time variable (p =
0.0001) for 6 minutes, compared to 1 and 3 minutes
after preparing the mixture, for all experimental
materials. For all the self-etching cements evaluated
and the conventional resin cement, viscosity was
found to increase with time from the mixture. Thus,
it should be highlighted that the operator should
work quickly and effectively to achieve adequate
film thickness. Manufacturers’ instructions provide
working times for their products, specifying mixing
time, working time, photopolmerization time and

finally, self-polymerization time. The sum of all
these times was not less than 7 minutes for any of
the groups evaluated. This may explain why the
thickness was less than 50 µm at 6 minutes for all
groups. Still, film thickness increases significantly
with time, so that timing should never be exceeded,
since the viscosity of the material will increase, with
a consequent increase in film thickness, reducing
marginal fit and inducing greater polymerization
tension leading to subsequent adhesive failure of the
restoration16,24-26. 
Resin cement film thickness is also influenced by
the load applied during restoration seating. A load
of sufficient strength and duration should be used
to achieve a thin layer of material between the
parts to be joined until the material hardens com-
pletelyl7,12,16,26,27. This study obtained film thickness-
es of 14 µm to 19 µm, at 1 minute, 19 µm - 31 µm
at 3 minutes and 34 µm to 42 µm at 6 minutes by
applying a 50 N load for one minute, from which it
may be inferred that the self-etching luting agents
studied meet one of the desirable properties for
resinous cements, which is thin films, with no sig-
nificant difference among the different experimen-
tal materials (p = 0.0921). These results agree with
those of Kious AR, Roberts HW, and Brackett WW
25. Moreover, Moraes RR, Boscato N, Jardim PS,
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Table 3: Analysis of variance (SS type III).

S.V.           SS   d.f. MS   F   p-value

Model                0.004 14 2.90E-04 14.586 <0.0001

Material               1.70E-04 4 4.40E-05 2.207 0.0921

Time      0.004 2 0.002 89.828 <0.0001

Material* Time 3.10E-04 8 3.90E-05 1.965 0.0864

Error                  0.001 30 2.00E-05

Total                  0.005 44

Table 4: Bonferroni’s multiple comparison test.

Test:Bonferroni     Alfa=0,05     DMS=0,00412
Error: 0,0000 gl: 30

Time in minutes Means n E.E. 

1 0,018 15 0,001 A 

3 0,025 15 0,001 B 

6 0,039 15 0,001 C 

Means with a letter in common are not significantly different (p<= 0,05)
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Schneider LFJ 26 report that self-adhesive resin
cements polymerize more slowly and with a lower
degree of final conversion, providing more time
during seating, which might explain the low thick-
nesses recorded, even at 6 minutes, when they were
not greater than 50 µm.
The viscosity of self-etching cements is different
from that of traditional cements, which is related to
the percentage of inorganic reinforcement filler and
varies according to the material selected28-30.
According to Han L, Okamoto A, Fukushima M and
Okiji T 2, a lower percentage of filler particles may
provide a thinner film thickness, according to the
results reported in their paper.

Of the luting agents evaluated in this study, the
thinnest film was obtained with Relyx ARC (14 µm
at 1 minute), which contains 67.5% inorganic filler
by weight and particle size 1.5 µm. The others ranged
from 17 µm to 19 µm at 1 minute, with the follow-
ing filler percentages: Relyx U 100 (70%), Bis Cem
(60%), Max Cem (66%) and SeT (65%). This may
confirm the above.

CONCLUSIONS
Resinous luting agent film thickness was affected
by the time from mixture and finally by the poly-
merization reaction.
Self-etching luting agents produced thin films. 
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