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A Comparison of Shear-Peel Band Strengths
of 5 Orthodontic Cements

Manish Aggarwal, HBSc?; Timothy F. Foley, DDS, MCID?; Douglas Rix, BSc, DDS, MCID¢

Abstract: The objective of this study was to compare the shear-peel band strength of 5 orthodontic
cements using both factory and in-office micro-etched bands. The 5 orthodontic cements evaluated were
a zinc phosphate (Fleck’s Cement), 2 resin-modified glass ionomer cements (RMGI)(3M Multicure glass
ionomer and Optiband), and 2 polyacid-modified composite resin cements (PMCR)(Transbond Plus and
Ultra Band Lok). Salivary contamination was examined with a polyacid-modified composite resin (Trans-
bond Plus). Two hundred and eighty extracted human molar teeth were embedded in resin blocks and each
was randomly assigned to the following 7 groups. 6 groups with factory etched bands, 5 cement groups
and salivary contaminated group, and 1 in-office micro-etched group. The cemented teeth were put in
deionized water at 37°C for 30 days and thermocycled for 24 hours. The force required to break the cement
bond was used as a measure of shear-peel band retention. With the use of an Instron testing machine, a
shear-peel load was applied to each cemented band. Data were analyzed with a one-way analysis of variance
(ANOVA) with a Tukey test for the multiple comparisons. The RMGIs and PMCRs demonstrated signif-
icantly greater shear-peel band strengths compared to the zinc phosphate cement. No statistically significant
differences were noted between the RMGI cement and PMCR cements and within the RMGI groups,
however, there was a statistically significant difference within the PMCR groups. Significantly lower band
strengths were noted with the saliva contaminated PMCR cement group (Transbond Plus) and the in-
practice sandblasted PMCR group. Both RMGIs and PMCRs were found to demonstrate favorable banding
qualities. The lower band strength with saliva-contaminated bands suggests that moisture control is critical
when using a PMCR. The variability noted in the in-office micro-etched bands might be technique related.
(Angle Orthod 2000;70:308—-316.)
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INTRODUCTION

Orthodontic bands around the crowns of molars and sec-
ond bicuspids still play an important role in providing sta-
ble attachment for an arch wire, and thus, their retention
around the crowns is vita in the successful application of
orthodontic forces leading to successful treatment.* A com-
mon problem experienced by many orthodontists and pa-
tients is the development of enamel demineralization and
even caries following the use of brackets and bands bonded
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and cemented to teeth, respectively.?> Previous studies have
shown such demineralization more common in patients re-
ceiving bonded/banded orthodontic appliances.>* Ortho-
dontic bands are believed to facilitate more enamel demin-
eralization than bracketed teeth. Orthodontic cements have
been used to enhance retention between the band and the
molar, however, unfavorable properties found in many of
these cements, such as high solubility in oral fluids and low
bond strengths, may contribute to demineralization beneath
bands.247 External forces may lead to cement failure be-
tween band and crown and of prime concern is the shear-
peel loads in an occlusal direction.

Zinc phosphate cement was introduced in 1878.2 This
cement has become the gold standard by which other ce-
ments are compared because of its long and well-docu-
mented history of clinical use in band cementation.®*? It
provides retention primarily by mechanical adhesion be-
tween the cement and the enamel and to the stainless steel
band.** Zinc phosphates unfavorable properties are a high
solubility in the oral cavity, brittleness, and low tensile
strength.’24 Placement of bands in the posterior part of the
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mouth puts them under conditions of greatest tensile and
shear forces, such as in mastication or physical trauma,
making them susceptible to loosening and failure.

Glass ionomer cements (GIC) were introduced in 1971
by Wilson and Kent® and favorable properties of these ce-
ments include low solubility in ora fluids, higher com-
pressive and tensile strengths compared to zinc phosphate,
and the ability to chelate, via an acid-base reaction, to
enamel and dentin and to form ionic bonds with stainless
steel 21215 |n addition, it has been suggested that fluoride
release from the cement to tooth enamel may occur without
any loss in strength, and thus, they are of clinical benefit
towards preventing enamel demineralization during ortho-
dontic treatment.?16-18 GICs unfavorable properties include
brittleness and susceptibility to attack by water during ce-
ment setting resulting in a weaker bond.8*°

A further innovation in glass ionomer technology oc-
curred with the use of glassionomer hybrid materials, resin-
modified glassionomers (RMGI),* combining properties of
glass ionomers as well as the additional strength afforded
by its composite resin component.?°?* RMGIs set not only
by the acid-base reaction typical of true glass ionomer ce-
ments, but also by a photochemical polymerization typical
of composite resins.?2* A previous study by Cacciafesta et
al?® using RMGls showed that saliva contamination actually
improved shear bond strength.

A third group of cements known as polyacid-modified
composite resins (PMCR) have also been developed.? Such
cements also have the acid-decomposable glass and some
polymeric acid, but in insufficient quantities to facilitate an
acid-base reaction in the dark.? PMCRs are believed to
release fluoride, abeit much less so than RMGIs, yet they
have been shown to have a beneficial effect on preventing
enamel demineralization.?”?¢ PMCRs possess similar phys-
ical properties such as low solubility in oral fluids, high
fracture resistance, and relatively higher compressive and
tensile strength compared to zinc phosphate.2*

Previous studies have shown that micro-etching of bands
roughens the surface of the metal which increases the sur-
face area for both chemical and mechanical bonding, there-
by providing significantly greater retention than unetched
bands.332 |n addition to roughening, sandblasting has been
shown to reduce the thickness of the oxide layer, resulting
in a more firmly attached layer for banding.®? A thin oxide
layer is necessary for proper wetting and bonding to metal,
however, total elimination of this oxide layer resultsin in-
adequate band strengths.®? There are 2 methods of etching
bands: factory micro-etched bands and in-office sandblasted
bands.

The objective of this study was to compare the shear-
peel band strength of 5 orthodontic cements using factory
etched bands. Comparison with in-office micro-etched
bands and saliva contamination was also examined with a
PMCR (Transbond Plus).
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MATERIALS AND METHODS
Band cementation

Two hundred and eighty extracted human molars without
caries were collected from the office of alocal ora surgery
clinic and cleaned of large debris. Although the teeth were
received in 10% formalin, they were promptly rinsed and
stored in deionized water and polished with fluoride-free
dental prophylactic paste (Zircate Prophy Paste, LD Caulk)
to remove any fine debris. The teeth were randomly divided
into 7 equal groups according to the following materials:

Group 1: Zinc Phosphate cement (Fleck’s Cement, Mizzy
Inc, Cherry Hill, New Jersey);

Group 2: 3M Multicure Glass lonomer cement (3M Un-
itek Dental Products, Monrovia, Calif): a resin-modified
glass ionomer;

Group 3: Optiband cement (Ormco Co, Orange, Calif): a
resin-modified glass ionomer;

Group 4: Ultra Band Lok cement (Reliance Orthodontic
Products Inc, Itasca, Ill): a polyacid-modified composite
resin;

Group 5: Transbond Plus cement—Dry (3M Unitek Dental
Products, Monrovia, Calif): a polyacid-modified compos-
ite resin;

Group 6: Transbond Plus cement—Saliva Contaminated
(3M);

Group 7: Transbond Plus cement—I n-practice sandblasted
(3M).

Each group received equal numbers of maxillary and
mandibular molars. Stainless steel orthodontic bands (3M
Unitek Victory Series, Monrovia, Calif) with no attach-
ments were fitted and seated around the teeth including ad-
aptation of the margins with a band seater. Bands were se-
lected and placed by the same operator to eliminate any
operator bias in band positioning and fitting. Group 6 was
contaminated by brushing a small layer of human saliva
onto the crown prior to band cementation. Sandblasting for
Group 7 was performed with a micro-etcher (Danville En-
gineering Inc, San Ramon, Calif) with a stream of alumi-
num oxide (50 wm) particles under 80 psi of air pressure
was sprayed for 15 seconds against the luting surface of
the metal band until a uniform frosty appearance on the
metal was achieved. In-office sandblasting was completed
immediately prior to band cementation to simulate clinical
practice.

A hole was drilled through the center of each tooth near
the root furcation area and a .033 SSW 5 cm long was
placed in the hole to resist pulling of the tooth out of the
embedding medium at debanding. Each band was cemented
in place according to the manufacturers' instructions. All
light curable cements were cured with avisible light-curing
unit for 40 seconds. Care was taken to ensure that all excess
cement was removed from the occlusal and cervical mar-
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gins of the band to prevent excess cement from influencing
the results.

The cementing agents were alowed to bench set for 2
minutes and then the teeth were placed into 7 sealable plas-
tic containers, according to group, containing deionized wa-
ter. The containers were then incubated for 30 days at 37°C.
The purpose of incubation in deionized water isto simulate
cement dissolution as can occur naturaly in the oral cavity
by saliva. Following the incubation period, all specimens
were thermocycled for 24 hours in 2 thermally control wa-
ter units at 10°C and 50°C for 24 hours (30 seconds at 10°C
and 30 seconds for 1440 cycles). The teeth were then
placed in plastic ice cube trays and filled with epoxy resin
approximating the height of norma bone (6 cm X 3.5 cm
X 3 c¢m). The resin was alowed to set leaving only the
crown of each tooth exposed with several millimeters be-
tween the band and the resin.

Band removal

Each mounted tooth was clamped to a customized hold-
ing device fixed to the lower load cell of the Instron ma-
chine (Figure 1). The holding device contained a hole in
its top component allowing the crown of each tooth to pro-
trude through and be directly below the loop attachment of
the pressure transducer of the Instron machine (Figures 2
and 3). This configuration allowed all forces to be directed
parallel to the long axis of the tooth during debanding. The
loop was attached to a customized band removal device (a
gold foil separator maodified to function as a band remover
instrument) to simulate clinical shear-peel loads. The band
removal device was attached to mandibular teeth from the
midbuccal side and to maxillary teeth from the midpalatal
side to simulate a band remover instrument and to stan-
dardize the band remova technique for all specimens.
There was little risk of band dislodgement with the band
removal instrument. One operator performed all debanding
to eliminate any bias in band removal.

Calculation of shear-peel band strength

Using the Instron machine in tensile mode with a cross-
head speed of 0.5 mm/min and a Phillips XT recorder, the
force (kg) required to initially fracture the cement bond was
used as a measure of cement band retention. Multiplying
by a conversion factor of 9.81 resulted in a force in New-
tons (N). The band was cleaned with a sickle scaler and
pumice, cut with crown and bridge scissors, and laid out
flat such that its length and width were measured to the
nearest 10th of a millimeter with millimeter calipers, and
thus, its area was determined in mm?. Dividing the de-
banding force (N) by the band area (mm?) resulted in the
shear-peel band strength expressed in megapascals (MPa).
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FIGURE 1. Mounted tooth clamped to a customized holding device
fixed to the lower load cell of the Instrom machine.

Statistical analysis

Descriptive statistics, means, and standard deviations
were calculated for the shear-peel band strength data for
each adhesive group. A one-way analysis of variance (AN-
OVA) was performed to test for statistical significance. A
Tukey test was used to determine the statistical significance
between the groups.

RESULTS

The mean shear-peel band strengths (SPBS) ranged from
3.383 (= 0.426) to 6.420 (+ 0.631) MPa, which represents
a difference of 3.037 MPa (Table 1, Figure 4). The order
of mean SPBS from greatest to least is as follows: Trans-
bond Plus—dry > 3M Multicure Glass lonomer = Optiband
> Ultra Band Lok > Zinc phosphate > Transbond Plus—
saliva contaminated > Transbond Plus—sandblasted.

An ANOVA with multiple comparisons (Post Hoc Tukey
test) showed that the shear bond strengths of the 5 materials
determined 30 days after initial cementation differed (Table
2). The mean shear-peel band strength of 3M Multicure
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FIGURE 2. Device used to fix hold mounted tooth during band removal.

Glass lonomer closely approximated those of Optiband, Ul-
traBand Lok, and Transbond Plus—dry. 3M Multicure Glass
lonomer, Ultra Band Lok, and Optiband had statistically
significant greater mean SPBS compared to Zinc phosphate,
Transbond Plus-saliva contaminated, and Transbond Plus—
sand-etched (P < .05). The mean SPBS of Zinc phosphate
cement was significantly greater than those of Transbond
Plus-saliva contaminated and Transbond Plus-sandetched.
Transbond Plus—dry showed a statistically significant great-
er mean SPBS than Ultra Band Lok, Zinc phosphate, and
Transbond Plus—saliva contaminated which was in turn sig-
nificantly greater than Transbond Plus-sandblasted. The
mean SPBS of all factory micro-etched band groups (1-6)
were significantly higher than the sandblasted band group

).

DISCUSSION
Band strength

A comparison of the mean shear force required to re-
move orthodontic bands showed that both resin-modified
glass ionomer cements (RMGI) and both polyacid-modified
composite resin cements (PMCR) significantly stronger
than zinc phosphate cement (P < .05). Both RMGI and
PMCR have the ability to chemically bond with both enam-
el and stainless steel metal, whereas zinc phosphate does
not chemically bond with either substance, only mechani-
caly. The ability of RMGIs and PMCRs to possibly form
ionic bonds with metal and to chelate enamel may allow
these cements to resist debanding more significantly than

zinc phosphate, which binds only mechanically. There may
also be a greater tendency for zinc phosphate to dissolve in
fluids and/or to weaken under thermal stress than RMGI or
PMCR which aso helps to explain the greater resistance of
these latter cements to debanding.

Between the resin-modified glass ionomer cements and
the polyacid-modified composite resin cements, there was
no significant difference in shear-peel band strengths
(SPBS)(P >.05). Although Transbond Plus-Dry PMCR
showed dlightly greater SPBS than both 3M Multicure
Glass lonomer and Optiband, both these RMGIs in turn
showed dlightly greater shear-peel band strengths than Ultra
Band Lok PMCR. Furthermore, the findings indicate that
both the RMGIs and the PMCRs were affected by water/
saliva solubilization and thermocycle stresses to similar ex-
tents. Within the resin-modified glass ionomer group, a
comparison of mean shear-peel force showed that not only
do 3M Multicure Glass lonomer (6.289 MPa) and Optiband
(6.286 MPa) possess mean shear bond strengths that are
not significantly different, but also they were nearly equa
(P > .05). The findings in this study suggest that both
RMGI cements resisted water/saliva dissolution and ther-
mal stresses equally, and therefore, both types of RMGls
would perform in a similar fashion clinicaly.

Although for the polyacid-modified composite resin
group Transbond Plus-Dry (6.420 MPa) showed a greater
shear-peel band strength than Ultra Band Lok (5.924
MPa)(P < .05), this difference of only 0.5 MPa may not
be clinically relevant. Since both cements consist of a sin-
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FIGURE 3. Customized band removal device used to simulate clin-
ical shear-peel load.

gle-paste system that is visible light-cured, the difference
in SPBS may be explained by a dightly greater tendency
for Ultra Band Lok PMCR to dissolve or weaken in water
under thermocycle stresses than Transbond Plus-Dry. In-
vestigation into the differences in resin composition be-
tween the 2 PMCRs may help to explain this formation of
weaker chemical bonds with Ultra Band Lok.

AGGARWAL, FOLEY, RIX

Saliva contamination

Information regarding the necessity to maintain a dry
working field during cementation of molar bands with a
PMCR is limited. Contamination with human saliva prior
to cementation of bands with Transbond Plus PMCR (4.557
MPa) resulted in a significantly lower shear-peel band
strength compared to bands cemented with Transbond Plus
on dry crowns (6.420 MPa)(P < .05), which indicated that
PMCRs behave most like composite resins, which require
a dry field as an important clinical step. RMGlIs, on the
other hand, behave more like glassionomers, and thus, their
adhesion was enhanced by salivary moisture which prop-
erly wets the enamel surface. The findings suggest that sal-
ivary water interfered with the chemical bonds that form
between the cement and enamel, thereby weakening the
bond between band and tooth. However, the bond between
cement and metal was still stable in the saliva contaminated
specimens, and thus, all bonds were broken at the cement-
enamel interface. This aspect of the study suggests the ne-
cessity for a dry working field when using PMCRs.

Micro-etching

The comparison between 2 different methods for micro-
etching bands using Transbond Plus yielded a significantly
greater shear-peel band strength with factory etching (6.420
MPa) relative to in-practice sandblasting (3.383 MPa),
which represented almost a 2-fold difference in SPBS be-
tween the 2 test groups. The factory micro-etching tech-
nique, which resulted in a greater degree of surface rough-
ness, provided a stronger bond between metal band and
cement, and thus, between band and tooth. In this study,
the significantly greater SPBS of factory-etched bands im-
plies that such atechnique leads to greater metal roughness,
and thus, superior band retention over the sandblasting
technique. Scanning electron photographs (SEM)(10 KV,
1000x magnification) of the luting surface of 1 factory
etched band (Figure 5) and 1 in-practice sandblasted band
(Figure 6) lend qualitative evidence to support this claim,
although further studies with quantitative measurements of
such photographs would be useful.

TABLE 1. Mean Shear-Peel Band Strengths for Zinc Phosphate Cement, 2 Resin-Modified Glass lonomer Cements, and 2 Poly-Acid Modified

Composite Resin Cements

Mean Shear-Peel Standard

N Band Strength Deviation Min Max

280 (MPa) (MPa) (MPa) (MPa)
Transbond Plus-Dry 40 6.4 0.7 6.2 6.6
3M Multiculture Glass lonomer 40 6.3 0.7 6.1 6.5
Optiband 40 6.3 0.7 6.1 6.5
Ultra Band Lok 40 5.9 0.8 5.7 6.2
Zinc Phosphate 40 5.4 0.6 5.2 5.6
Transbond Plus—Saliva Contaminated 40 4.6 0.6 4.4 4.7
Transbond Plus—Sandblasted 40 3.4 0.4 3.2 35

N indicates number of patients; min, minimum; max, maximum; and MPa, megapascals.

Angle Orthodontist, Vol 70, No 4, 2000
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Mean SPBS (MPa)

Transbond Plus  3M Multicure Glass
Ory lonomer

Optiband

Ultra Band Lok

Adhesive

Zinc Phosphate Transbond Plus

Sandblasted

Transbond Plus
Saliva Contam'd

FIGURE 4. Mean shear-peel band strengths of 5 orthodontic cements, one saliva-contaminated PMCR cement and one in-office micro-etched

band PMCR cement.

TABLE 2. Statistical Significance of the Shear-Peel Band Strengths of Homogenous Cements

Transbond
Transbond Plus— Transbond
Plus— 3M Multicure Ultra Band  Zinc Phos-  Saliva Con- Plus—

Dry Glass lonomer Optiband Lok phate tamin. Sandblasted
Transbond Plus—Dry X — — * * * *
3M Multiculture Glass lonomer — X — — * * *
Optiband — — X — * * *
Ultra Band Lok * — — X * * *
Zinc Phosphate * * * * X * *
Transbond Plus—Saliva Contamin. * * * * * X *
Transbond Plus—Sandblasted * * * * * * X

— indicates P > .05; *, P < .05; noncomparable entries are designated by X.

Although most of the experimental protocol in this study
was similar to that of previous studies, our numerical find-
ings cannot be easily compared with those of previous stud-
ies for several reasons22021233033 First, while previous
studies used an Instron band removal device that hooked
onto band attachments from both buccal and lingual sides
of the band, we utilized a band removal device similar to
a band removal hand instrument to more accurately simu-
late shear-peel forces that occur clinically. Theintent of this
experiment was to examine new orthodontic luting cements
such as RMGIs and PMCRs for improved handling char-
acteristics and potential fluoride release. Comparisons with
previous studies was difficult because different cements
were used. The occurrence of statisticaly significant dif-

ferences in shear-peel band strengths between RMGIs,
PMCRs, and zinc phosphate lends evidence to the possi-
bility of improvement over traditional banding cements.

A previous experiment by Wood and Paleczny?? utilized
the same teeth and bands with multiple cements with the
purported idea of minimizing variability during statistical
analysis. However, this study used different teeth and bands
for each group for the purpose of avoiding the deformation
that occurs during debanding that would, after repeated ce-
mentation and debanding, result in progressively weaker
shear bond strengths with each cement used. Furthermore,
Wood and Paleczny removed bands from both buccal and
lingual simultaneously and did not use thermocycling or
long-term storage in moisture to simulate factors that influ-
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FIGURE 6. Scanning electron micrograph of an in-office sandblast micro-etched orthodontic band.

ence band retention in a patient’s oral cavity. The use of
clinically proper technique in band removal (buccal of man-
dibular, palatal of maxillary) coupled with the use of such
influencing factors in this study would lead one to expect

Angle Orthodontist, Vol 70, No 4, 2000

significantly lower SPBS in Transbond Plus—sandblasted
bands (3.383 MPa) compared with Wood and Paleczny’s
tensile-loaded sandblasted bands (range 1.94-2.43 Mpa).
However, regardless of the influence of thermocycling and
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long-term storage in moisture, Transbond Plus still forms a
stronger bond between band and tooth compared to zinc
phosphate when using sandblasted bands. Despite these dif-
ferences from previous studies, use of the larger sample
sizes and the occurrence of acceptably low standard errors
lends credibility of this protocol for testing shear-peel band
strengths of orthodontic bands, amongst other protocols.

Although this study showed statistically greater shear-
peel band strengths of RMGIs and PMCRs compared with
zinc phosphate, the question of whether these small nu-
merical differences are clinically significant can be an-
swered by proposing that RMGIs and PMCRSs are at least
as effective, if not better, than zinc phosphate cement in
retaining orthodontic bands. Further research into the
amount of fluoride released from RMGI and PMCR ce-
ments and cariopreventative activity in the short-term and
long-term would lead to further data on the ability of these
cements to prevent enamel demineralization under acid at-
tack, and thus, offer possible replacements for zinc phos-
phate cement.

CONCLUSIONS

Resin-modified glass ionomer cements (RMGI) and
polyacid-modified composite resin cements (PMCR) re-
quired significantly higher forces to deband in comparison
with zinc phosphate cement. The RMGIs and PMCRs
showed little difference in shear-peel band strength in re-
lation to each other. 3M Multicure Glass lonomer (RMGI)
displayed little difference in shear-peel band strength when
compared to Optiband glass ionomer (RMGI). Transbond
Plus required significantly higher shear forces to deband
compared to Ultra Band Lok PMCR. Saliva contamination
of molar crowns prior to band cementation with the PMCR
Transbond Plus led to significantly less shear force needed
to remove the band as opposed to crowns banded in a dry
working field. Factory micro-etching of the luting surface
of stainless steel bands provide almost double the band re-
tention compared with sandblasting of bands, when using
PMCR as the bonding agent.
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