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Evaluation of mechanical properties
of five cements for orthodontic band
cementation

Abstract: The aim of this in vitro study was to compare the flexural,
compressive and diametral tensile strengths of five cements used in or-
thodontics for band cementation. Twelve specimens of each cement were
tested: 1 - GC Fuji Ortho Band (FJ), GC America Inc.; 2 - Meron (MR),
Voco; 3 - Multi-Cure Glass Ionomer Band Cement (MC), 3M Unitek; 4 -
Band-Lok (BL), Reliance Orthodontic Products; and 5 - Ketac Cem (KC),
3M ESPE. The results (mean) for diametral tensile strength were: 10.51
MPa (FJ), 9.60 MPa (MR), 20.04 MPa (MC), 42.80 MPa (BL), and 4.08
MPa (KC). The results for compressive strength were (in the same or-
der): 64.50 MPa, 77.71 MPa, 94.21 MPa, 193.88 MPa, and 81.93 MPa.
The results for flexural strength were (in the same order): 20.72 MPa,
25.84 MPa, 53.41 MPa, 137.41 MPa, and 20.50 MPa. The statistical
analysis was performed by two-way ANOVA and Tukey tests with p-val-
ue < 0.05. In terms of diametral tensile strength, BL showed the highest
strength statistically, and MC, the second highest. In terms of compres-
sive tensile strength, BL showed the highest strength statistically, and FJ
did not attain the minimum recommended strength. In terms of flexural
tensile strength, BL cement was superior to MC, and MR, FJ and KC
were equivalent and inferior to BL and MC.

Descriptors: Basic Research; Dental Materials; Dental Cements.

Introduction

The use of direct bonded bands decreased considerably after polymer-
ic adhesives for orthodontic bracketing were developed. However, these
bands still represent a valuable resource for some teeth, e.g., molars, and
are frequently made use of. Failure of molar tubes bonded with either
a chemically cured or light-cured adhesive is considerably higher than
the failure of molar bands cemented with glass ionomer cement.! Band
retention is mechanically influenced by the manner in which bands are
adapted on teeth, and by the properties of the cements used.>*

Today, the cements most widely used to cement molar bands are con-
ventional glass ionomers (CGI), which have significant advantages, such
as constant fluoride release and uptake, microbial inhibition, chemical
adhesion to teeth and to metal,>!° low thermal coefficient of expansion®
and low solubility."" The introduction of light polymerized systems en-
hanced initial CGI resistance.” McCabe'? separates these most widely
used cements into the following categories:
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* Modified Composites,

® Resin  Modified Glass Ionomer Cements
(RMGIC) and

® Compomers.

Modified Composites are cured by light polym-
erization; they contain glass particles that are che-
lated in an attempt to release fluoride (ex.: Band-
Lok). RMGIC are cured by an acid-base reaction,
and may optionally be light activated; they are com-
posed of composite and glass ionomer components
(ex.: Fuji Ortho Band, 3M Multi-Cure Glass Iono-
mer Cement). Compomers are cured by light polym-
erization reaction; although they release less fluoride
than RMGICs, their cariostatic properties are main-
tained (ex.: Ultra Band-Lok).

Currently, RMGICs appear to offer the best bal-
ance between fluoride release, oral environment
fluoride uptake and greatest clinical durability for
patients with high caries risk.!® They are also light
polymerized, achieve maximum resistance in less
time'* and appear to be more resistant than CGI.”

However the literature shows that there is insuf-
ficient high-quality evidence to confirm the most ef-
fective adhesive for attaching orthodontic bands to
molar teeth.?? Because of the great variety of differ-
ent glass ionomers recently available on the market,
more research is needed to compare their mechani-
cal behavior to support their clinical use.

The objective of this study was to evaluate the
compressive, diametral tensile and flexural strengths
of 5 materials used to cement orthodontic bands.

Methodology

The cements submitted to mechanical tests are
specified in Table 1.

Table 1 - Materials used in this research.
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Flexural strength test

Twelve specimens of each cement were randomly
made with a two-part metallic matrix, measuring
25 mm by 2 mm in length and height, respectively,
according to ISOY (International Organization for
Standardization) Standard 4049.

The cement specimens were mixed according to
the manufacturer’s recommendations and placed in
the matrix over Mylar strips. After insertion of the
material, another Mylar strip was placed on the top
surface followed by another glass slab pressed man-
ually to obtain a regular surface.'® After curing at
the recommended time and without adding pressure,
the specimens and the matrix were immersed in dis-
tilled water at 37°C for 15 minutes. The specimens
were then ground and polished with 600 grit sand
paper, and stored in water at 37°C for 24 hours.
The flexural strength was determined by a three
point test using an Instron Universal Test Machine,
model 4444 (Instron Corp., Canton, USA). This de-
vice is in agreement with ISO Standard 4049."> The
flexural strength was calculated in MPa, using the
following equation:'

Flexural resistance (MPa) = 3Fd / 2wh?

where

F is the maximum load exerted on the specimens
(N),

d is the distance between supports (mm),

w is the width of the sample (mm) and

b is the height of the sample (mm).

Compressive and diametral tensile
strength tests
Twelve cylindrical specimens of each cement

. GC Fuji Ortho
Materials Band (F)) Meron (MR)
Serial number Lot. 0703051 Lot. 460314

Kind of material ARMGI CGl

GC America Inc.,
Costa Mesa, USA

Voco, Cuxhaven,

Manufacturer
Germany

3M Unitek, St Paul, USA

Multi-Cure Glass lonomer
Band Cement (MC)

Lot. 7EB/7FR

Band-Lok (BL) Ketac Cem (KC)
Lot. 076304 Lot. 162094
PMC CGl

Reliance Orthodontic

Products, ltasca, USA 3M Espe, St Paul, USA

CGl: auto polymerized conventional glass ionomer cement. ARMGI: auto polymerized resin modified glass ionomer cement. PRMGI: photo polymerized
resin modified glass ionomer cement. PMC: photo polymerized polyacid modified composite.
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were made to test compressive strength, and the
same number were made to test diametral tensile
strength, using a two-part metallic matrix, mea-
suring 6 mm in height and 4 mm in diameter, ac-
cording to ADA specification #66 dated 1994."7 The
same procedures of mixing and final preparation of
specimens used to perform the flexural strength test
were used to perform the compressive strength and
the diametral tensile strength tests. Furthermore,
the specimens for these tests were tested in the same
Instron machine. The specimens were positioned
vertically to their long axis for the compressive
strength test, and horizontally to their long axis for
the diametral tensile strength test.

The compressive strength values were calculated
in MPa, according to the following formula:!”

Compressive strength (MPa) = 4F/nd?

where
F is the fracture load (N) and
d is the sample diameter.

The diametral tensile strength (MPa) was calcu-
lated using the following formula:!

Diametrical traction tension (MPa) = 2F/ndL

where

F is the fracture load (N),

d is the sample diameter (mm) and
L is the sample length (mm).

Statistical analysis

One-way ANOVA (analysis of variance) was ap-
plied for each mechanical test, using PASW 18.0
software (IBM Corporation, New York, USA),
where the isolated factor was cement group. Because
the F-test for each one-way ANOVA detected signif-
icant statistical differences (p-value < 0.05) among
the means of each cement group for each mechani-
cal test, the Tukey test was applied to determine
which cement groups were statistically different.

Results
The diametral tensile strength results are pre-
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Table 2 - Results for diametral tensile strength. Means fol-
lowed by the same letter do not differ according to the Tukey
test; significance level of 5% (p-value > 0.05).

Mechanical Cement
test FJ MR MC BL KC
Diametral 10.51 9.60 20.04 | 42.80 4.08
tensile strength b b c d a

Table 3 - Results for compressive strength. Means followed
by the same letter do not differ according to the Tukey test;
significance level of 5% (p-value > 0.05).

Mechanical Cement
G5 FJ MR MC BL KC
Compressive 64.50 | 77.71 9421 | 193.88 | 81.93
strength a ab c d bc

Table 4 - Results for flexural strength. Means followed by
the same letter do not differ according to the Tukey test;
significance level of 5% (p-value > 0.05).

Mechanical Cement
fest FJ MR MC BL KC
Flexural 20.72 25.84 53.41 137.41 | 20.50
strength a a b c a

sented in Table 2. The compressive strength results
are described in Table 3, and the flexural strength
results are shown in Table 4.

Discussion

Most material-related clinical failures occur be-
cause of the low tensile resistance of the material.'®
The diametral tensile strength (DTS) test is an adap-
tation of the tensile strength test, since it is impos-
sible to perform tensile strength tests on brittle ma-
terials, like glass ionomer cements.! In the DTS test,
a compressive force is applied to the cylinder over
its diameter. In this study, Band-Lok (BL) cement
was found to be statistically superior over the other
tested cements, showing an average (av.) strength
of 42.80 MPa (Table 2). Multi-Cure Glass Ionomer
Band Cement (MC) had the second highest average
(20.04 MPa) in this test. It was statistically different
from Meron (MR) cement (av. 9.60 MPa) and Fuji
Ortho (FJ) cement (av. 10.51 MPa), which were sim-
ilar. Ketac Cem (KC) cement (av. 4.08 MPa) had the



lowest DTS average statistically. These results indi-
cate that BL cement has the highest cohesive proper-
ties and is the most resistant to fracture loads, fol-
lowed by Multi-Cure.

Farret et al.'® found no statistical difference in
DTS tests for Ketac Cem (7.41 MPa) and Meron
(6.05 MPa) (both conventional glass ionomers). In
our study, Meron was statistically superior to Ket-
ac Cem for DTS, compared to resin modified glass
ionomer cement (FJ), but was inferior to BL and MC
statistically (Table 2).

Millett et al.* compared the mean retentive
strength of microetched orthodontic bands cement-
ed to extracted human third molars with a modified
composite, a resin-modified glass ionomer cement,
and a conventional glass ionomer cement. The mean
retentive strength of the modified composite (0.415
MPa) was significantly less than that of either the
resin-modified (1.715 MPa) or the conventional
glass ionomer cements (1.454 MPa; p < .001). Al-
though modified composites had higher DTS levels
in our study, Millett ez al.* laboratory results shows
that their retentive strength was lower than that of
glass ionomer cements (conventional and resin mod-
ified glass ionomer). Because both our study and
that of Millett et al.* used different methodologies,
a comparison of direct results should be avoided and
interpreted with caution.

The compressive strength (CS) test allows a good
representation of the mechanical integrity of differ-
ent materials, and can be used to test brittle materials
like glass ionomer cements.?? CS is an extremely im-
portant factor, particularly regarding mastication. In
determining CS, two axial forces are applied to the
material in opposite directions, thus bringing its mo-
lecular components closer together.?! In the present
study BL cement (av. 193.88 MPa) showed statisti-
cally superior values, in comparison to other cements
tested (Table 3). MC (av. 94.21 MPa) was similar
to KC (81.93 MPa) and superior to MR and FJ. KC
was statistically equal to MR (av. 77.71 MPa) and
superior to FJ. MR was similar to FJ (av. 64.50 MPa)
statistically. FJ cement (av. 64.50 MPa) showed the
lowest CS average, and did not even attain the ADA
recommendation for CS (minimum of 65 MPa)."”

Farret et al.'s found no difference in the CS tests
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for Ketac Cem (52.4 MPa) and Meron (38.09 MPa).
Our study was in agreement with that of Farret et
al.,'* insofar as it showed no statistical difference be-
tween MR (77.71 MPa) and KC (81.93 MPa) in CS
tests.

The flexural strength (FS) test measures tensile,
compressive and shear strengths simultaneously,
thus reproducing oral environment conditions.?
BL and MC cements showed the highest values (av.
137.41 MPa and av. 53.41 MPa, respectively) for FS,
and were statistically different between each other
and in comparison to the other cements studied
(Table 4). No statistical differences were observed
among cements FJ (av. 20.72 MPa), MR (av. 25.84
MPa) and KC (av. 20.50 MPa). The literature relates
that the FS values for RMGIC are normally twice
as high as those for conventional glass ionomers.?32*
This was confirmed in the present study for MC but
not for FJ.

The findings of Millett et al.'"* indicate that al-
though there appears to be equivalence in the mean
shear-peel bond strength of the band cements as-
sessed, the fatigue properties of the conventional
GIC, when subjected to simulated mechanical stress,
seem inferior to those of the other cements (RMGIC
and modified composite) for band cementation.!
This means that CGI band cementation is more reli-
able than the modified composite used in the Mil-
let et al.'* study. Because of the different testing
methods employed in the Millet et al.'* study versus
those used in the present investigation, it would not
be valid to draw any comparisons between the re-
sults obtained for either investigation.

Komori and Kojima' describe RMGIC as a
better alternative than polyacid-modified resins
and CGls, because of its excellent durability, good
enamel adhesion and fluoride release/uptake capa-
bility. RMGICs are usually marketed in powder-
liquid form and require a manual mixing procedure
critical to producing an adequate preparation. The
development of a two-paste system such as FJ helps
surmount this issue.!!

After the band is cemented, the glass ionomer ce-
ment adheres to enamel and metal, causing possible
failures mainly at the cement/band interface, prob-
ably due to its low cohesion force.' In order to over-
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come this issue, sandblasting the band with alumi-

num oxide is recommended to increase the adhesion

force.”

Modified resins such as BL have very little acid-

base reaction and are less likely to ionically bond to

enamel, compared to CGI. Gillgrass et al.'’ found

no clinical failure differences between BL and KC;

however, BL failed mainly at enamel/cement inter-

faces, and KC failed mainly at cement/band inter-

faces. Gillgrass et al.'* did not find any differences

in white spot lesions between BL and KC.

It seems prudent when choosing a material for

band cementation not to consider mechanical prop-

erties as isolated factors. Comparisons of laboratory

tests for the materials used in this study may not re-

flect a clinical situation appropriately. For example,

polyacid-modified composites could fail without ce-

ment breakage, due to their low adhesion to enam-

el.' This kind of failure is uncommon with CGlIs
or RMGICs because of their high adhesion to met-
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formed, it can be concluded that:

a. Diametral tensile test: BL presented the highest
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age. KC presented the lowest average results.
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strength. FJ had the lowest results, and did not
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c. Flexural test: BL presented the highest strength.
MR, FJ and KC were equivalent and inferior to
BL and MC.
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