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Aim: To compare the shear bond strength of a nano-hybrid restorative material, Grandio (Voco, Cuxhaven, Germany), to that of a traditional adhesive material (Transbond XT; 3M Unitek, Monrovia, CA,
USA) when bonding orthodontic brackets. Material and methods:
Forty teeth were randomly divided into 2 groups: 20 teeth were
bonded with the Transbond adhesive system and the other 20 teeth
with the Grandio restorative system, following manufacturer’s
instructions. Student t test was used to compare the shear bond
strength of the 2 systems. Significance was predetermined at P ≤ .05.
Results: The t test comparisons (t = 0.55) of the shear bond strength
between the 2 adhesives indicated the absence of a significant (P =
.585) difference. The mean shear bond strength for Grandio was 4.1 ±
2.6 MPa and that for Transbond XT was 4.6 ± 3.2 MPa. During
debonding, 3 of 20 brackets (15%) bonded with Grandio failed without registering any force on the Zwick recording. None of the brackets bonded with Transbond XT had a similar failure mode. Conclusions: The newly introduced nano-filled composite materials can
potentially be used to bond orthodontic brackets to teeth if its consistency can be more flowable to readily adhere to the bracket base.
World J Orthod 2007;8:8–12.
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1Professor,

ince the introduction of the acid-etch
bonding technique, the concept of
bonding various resins to enamel has
developed applications in all fields of
dentistry, including the bonding of orthodontic brackets. There are a number of
factors that can potentially contribute to
the bond strength between enamel and
the orthodontic bracket, including the
type of enamel conditioner, acid concentration, length of etching time, composition of the adhesive, bracket base
design, the bracket material, the oral

S

environment, as well as the skill of the
clinician.1–14
In 1955 Bowen15 used an epoxy resin
as a binder to particles of fused silicon
dioxide and porcelain powder, in an
attempt to develop thermal expansion
characteristics equal to that of tooth
structure. Bowen16 also proposed that a
coupling agent, such as a surface-active
co-monomer, should be used to act as a
link between the polymeric binder and
the mineral content on the tooth surface. Phillips17 suggested the addition of
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More recent advances in the performance of these materials included the
introduction of flowable composite resins
and also condensable ones that behave
like amalgams clinically. These composite
resins are characterized by a higher filler
load, improved filler matrix interface, and
improved handling properties.19
With the introduction of newer composite resins, various classification systems have been used to categorize them.
The first such classification was introduced by Lutz and Phillips18 in 1983 and
was based on the average size of the
filler par ticles, manufacturing techniques, and the chemical composition of
the filler particles.20 One classification
scheme was based on filler particle size
and new terms were introduced, includ-

n

1. Organic phase: This phase is essentially the matrix for the system in
which the filler particles are suspended. The most commonly used
agents for the matrix are Bisphenol A
glycidyl dimethacrylate (Bis-GMA),
modified
Bis-GMA,
urethane
dimethacrylates (UDMA), triethylene
glycol dimethacrylate (TEG-DMA), and
diluents.
2. Interfacial phase: This phase contains
the coupling agents, mostly silanes,
that facilitate the bonding between
the inorganic fillers and the organic
matrix.
3. Inorganic phase: The inorganic filler
particles are added to the organic
matrix and their bonding is mediated
by the coupling agent. Inorganic filler
particles help provide strength to the
composite resin system.
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inorganic inert fillers to conventional
polymethacrylate resin to improve its
mechanical properties and to further
reduce thermal expansion. He was the
first to use the term “composite resin” to
describe this improved adhesive/filling
material.
In general, a resin-based composite is
defined as a 3-dimensional mixture of 2
or more chemically different materials
that have distinct interfaces. Such a
combination is described as incorporating 3 phases18:
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composite, eg, the larger the filler particle size the harder and more resistant to
wear the composite will be, but the more
difficult to polish. On the other hand,
composites with micro fillers give the
best surface polish but should not be
used in high-stress areas.
Further improvements to the composite resins were accomplished through
altered filler packing, higher filler levels,
and hybrid filler particles. These changes
improved the mechanical properties,
reduced coefficient of thermal expansion, produced radio-opaque materials,
reduced polymerization shrinkage, and
improved esthetics.21 Reducing polymerization shrinkage has been a key
demand in the development of resinbased restorative materials. Since
shrinkage occurs mostly in the resin
matrix, it has been suggested that an
effective method to control shrinkage is
to reduce the resin content of the composite. This concept led to the introduction of nano-hybrid restorative materials
using nanotechnology.
Polymer nanocomposites are a new
class of materials with a unique internal
structure and properties and contain
nano fillers that are 0.005 to 0.01
micron in size. Geraldeli and Perdigao22
found that nano-filled composites had a
marginal seal in enamel and dentin comparable to total-etch adhesives. Furthermore, Dabanoglu et al 23 found that a
high filler degree combined with small
particle dimensions reduced abrasion by
up to 50% compared to composites of
lower filler degree or those with organic
(pre-polymerized) fillers. Since these
materials have better marginal seals to
enamel, their use in bonding orthodontic
brackets should be explored. This study
compared the shear bond strength (SBS)
of a nano-hybrid restorative material
(Grandio; Voco, Cuxhaven, Germany) and
a traditional adhesive material (Transbond XT; 3M Unitek, Monrovia, CA, USA)
when bonding orthodontic brackets.
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The teeth were embedded in acrylic in
phenolic rings (Buehler, Lake Bluff, IL,
USA). A mounting jig was used to align
the facial surface of the tooth to be perpendicular with the bottom of the mold
and its labial surface parallel to the force
during the shear strength test. Within 30
minutes from the initial bonding, an
occlusogingival load was applied to each
bracket, producing a shear force at the
bracket-tooth interface. This was accomplished by utilizing the flattened end of a
steel rod attached to the crosshead of a
Zwick Universal Testing Machine (Zwick
GmbH & Co, Ulm, Germany). A computer
electronically connected to the testing
machine recorded the results of each
test in megapascals (MPa). Shear bond
strengths were measured at a crosshead
speed of 5mm/min.

Forty freshly extracted human molars
were collected and stored in a solution of
0.1% (weight/volume) thymol. The criteria
for tooth selection included: (1) intact
buccal enamel, not subjected to any pretreatment chemical agents, such as
hydrogen peroxide; (2) no cracks due to
the pressure of the extraction forceps;
and (3) no caries. The teeth were
cleansed and then polished with a
pumice slurry and rubber prophylactic
cups for 10 seconds. All teeth were thoroughly washed and dried.

Brackets used
Forty maxillary right central incisor brackets (Victory Series; 3M Unitek) were used.
The average surface area for the bracket
base was 12.2 mm2. The surface area
was the average obtained from measuring 5 brackets.

Bonding procedure
The 40 teeth were randomly divided into
2 groups: group 1 (Transbond XT Adhesive System) comprised of 20 teeth,
which were etched for 15 seconds with
35% phosphoric acid, washed with a
water spray for 10 seconds, dried to a
chalky white appearance, and the
sealant applied (the adhesive was then
applied to the bracket base and placed
on the tooth and light cured with a halogen light for 20 seconds); and group 2
(Grandio Restorative System). The same
protocol as in group 1 was used to etch
and seal the teeth in group 2. The nanofilled composite was applied to the
bracket base, and the brackets were
then placed on the teeth and light cured
for 20 seconds.
During bonding with both systems, a
300-g force was applied on each bracket
to ensure a uniform adhesive thickness
using a force gauge (Correx, Bern,
Switzerland).
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MATERIAL AND METHODS
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Statistical analysis
Descriptive statistics, including the
mean, standard deviation, and minimum
and maximum values, were calculated
for the 2 test groups. Student t test was
used to compare the shear bond
strengths of the 2 adhesives. Significance was predetermined at P ≤ .05.

RESULTS
Shear bond strength
comparisons
The results of the t test comparisons (t =
0.55) of the shear bond strength between
the 2 adhesives indicated the absence of
significant (P = 0.585) differences (Table
1). The mean shear bond strength for
Grandio was 4.1 ± 2.6 MPa and that for
Transbond XT was 4.6 ± 3.2 MPa.

Bracket failure rate
During debonding, 3 of 20 brackets
(15%) bonded with Grandio failed without registering any force on the Zwick
recording. The 3 brackets were excluded

10
COPYRIGHT © 2007 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS
ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER

2/8/07

4:18 PM

VOLUME 8, NUMBER 1, 2007

Page 11

Q ui

by N
ht

yriget al
pBishara
No Co
t fo
r Presults of
Table 1 Descriptive statistics of the shear bond strength (in MPa) and the
u
the Student t test comparisons between Grandio and Transbond XT adhesives blic
ati
on
Group
N
Mean
SD
Range
te
ss e n c e
Grandio
17
4.1
2.6
0.2–9.3
n

fo r

Transbond XT

20

4.6

3.2

ot

Bishara

0.4–11.1

N, sample size; SD, standard deviation; t = 0.55; P = .585.

from the calculations. None of the brackets bonded with Transbond XT had a similar failure mode.

DISCUSSION
Manufacturers have continuously introduced new adhesives in operative dentistry that are more reliable, ie, stronger,
adhere better, less prone to leakage at
the margins, and/or easier to handle. As
new adhesives, composite resins, and
bonding techniques are introduced,
orthodontists adopt some of these innovations and add them to their armamentarium, including the use of acid-etching
primers, stronger adhesives, etc.
It has been suggested that the newly
introduced restorative material Grandio
has extremely high filler degree and
spherical nanoparticles that reduce the
organic matrix content and give it a hard
surface, compared to conventional composites. 23 This quality would also
improve its wear and abrasion resistance, as well as enhance the marginal
seal to enamel.22
The present findings indicate that the
new restorative system Grandio achieves
shear bond strength values that are not
significantly different from those obtained

with Transbond XT. On the other hand, the
consistency of the adhesive paste was
fairly thick and did not flow readily. As a
result, the paste needed to be forcibly
pushed into the retention pad of the
bracket base for it to adhere before being
placed on the tooth. This difficulty in handling the material might explain why 3 out
of 20 brackets (15%) failed to register any
force value on the Zwick machine recording. As a result, it is suggested that, for
orthodontic purposes, the manufacturer
should consider reformulating the composition of Grandio to produce a paste with
a more flowable consistency that can
readily penetrate the mesh of the bracket
base. When such modifications are introduced, Grandio should be considered a
potentially useful adhesive for bonding
orthodontic brackets.

CONCLUSION
New materials that are introduced in
operative dentistry can potentially have
orthodontic applications. One such material is Grandio, a nano-filled restorative
material. With modifications in their flow
characteristics, these materials can
potentially be used to bond orthodontic
brackets to teeth.
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