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Effect of ultrasonic instrumentation on
the bond strength of crowns cemented
with zinc phosphate cement to natural
teeth. An in vitro study

Abstract: Several studies have reported the benefits of sonic and/or ultra-
sonic instrumentation for root debridement, with most of them focusing
on changes in periodontal clinical parameters. The present study investi-
gated possible alterations in the tensile bond strength of crowns cemented
with zinc phosphate cement to natural teeth after ultrasonic instrumen-
tation. Forty recently extracted intact human third molars were selected,
cleaned and stored in physiologic serum at 4°C. They received standard
preparations, at a 16° convergence angle, and AgPd alloy crowns. The
crowns were cemented with zinc phosphate cement and then divided into
four groups of 10 teeth each. Each group was then subdivided into two
subgroups, with one of the subgroups being submitted to 5,000 thermal
cycles ranging from 55 +2 to 5 +2°C, while the other was not. Each
group was submitted to ultrasonic instrumentation for different periods
of time: group 1 - 0 min (control), group 2 - 5 min, group 3 - 10 min,
and group 4 - 15 min. Tensile bond strength tests were performed with
an Instron testing machine (model 4310). Statistical analysis was per-
formed using ANOVA and Tukey’s test at the 5% level of significance.
A significant reduction in the tensile bond strength of crowns cemented
with zinc phosphate and submitted to thermal cycles was observed at
15 min (196.75 N versus 0 min = 452.01 N, 5 min = 444.23 N and 10
min = 470.85 N). Thermal cycling and ultrasonic instrumentation for 15
min caused a significant reduction in tensile bond strength (p <.05).

Descriptors: Zinc phosphate cement; Tensile strength; Tooth crown;
Ultrasonic therapy.



Introduction

Great technical advancement in ultrasonic ap-
paratuses over the last few years has permitted
their increased use and dissemination among pro-
fessionals of various specialties. This technological
evolution was possible because of the piezoelectric
properties of some crystals or metals.! Current de-
vices develop less heat and, consequently, the pos-
sible discomfort caused by instrumentation of the
root surface is also lower. Various investigators
have reported benefits of sonic and/or ultrasonic in-
struments in root instrumentation, emphasizing the
improvement of periodontal clinical parameters.!”
A systematic review regarding the efficacy of ma-
chine-driven and manual subgingival debridement
also concluded that less time may be required for
periodontal treatment when ultrasonic instead of
manual instrumentation is used.*

However, clinical sequelae such as fractures of
ceramic prosthetic restorations and percolation of
composite resin restorations have been reported
with the use of ultrasound.®® This occurs because in
patients with fixed intrasulcular dentures the active
tip of the ultrasound apparatus may come in contact
with the border of the denture, altering the bond
strength of the cementing agent.

Zinc phosphate cement has been used in clinical
practice.”® The possibility that ultrasonic instru-
mentation may cause fragility of the zinc phosphate
cement has been widely accepted for intraradicular
retainers”!! but little is known about its action on
crowns and fixed partial dentures.!>!3

Thus, the objective of the present study was to
determine the in vitro effect of ultrasonic instru-
mentation on the bond strength of crowns cemented
with a zinc phosphate agent to teeth receiving stan-
dardized preparations compared to that observed
on teeth not submitted to instrumentation.

Material and Methods

Forty recently extracted intact human third
molars were selected, in such a way that the dis-
tance between opposite sides at the cementoenamel
junction would be greater than 8.5 mm. They were
cleaned and stored in physiologic serum at 4°C.
The preparations were standardized, with their op-
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posite walls presenting a convergence angle of 16
degrees. Crowns were manufactured with AgPd al-
loy (Palliag M, Degussa Dental Ltda., Guarulhos,
SP, Brazil). Cementation with zinc phosphate ce-
ment (SS White, Artigos Dentdrios Ltda., Rio de
Janeiro, R]J, Brazil) was performed according to the
manufacturer’s instructions. The 40 cemented teeth
were divided into four groups of 10 teeth each.
Each group was subdivided into two subgroups of
5 teeth each, with one subgroup being submitted to
thermal cycling (5,000 thermal cycles ranging from
55 +£2to 5 %+ 2°C) and the other not. After this pro-
cedure, the specimens were submitted to ultrasonic
instrumentation for different periods of time: group
1 (control) was not submitted to ultrasonic instru-
mentation, group 2 was submitted to ultrasonic in-
strumentation for 5 min, group 3, for 10 min, and
group 4, for 15 min (Table 1).

Ultrasonic instrumentation was performed at the
cervical limit of the crowns with an ultrasound ap-
paratus (Profi III Bios Dabi Atlante S.A., Ribeirdo
Preto, SP, Brazil) set to work at 60% of maximum
power.

Next, the specimens were submitted to tensile
bond strength tests using a universal testing ma-
chine (Instron model 4301, Caton, MA, USA) with
a load capacity of 5 kN at a speed of 0.5 mm/s.

Statistical analysis

The data were stored in Microsoft Excel for Win-
dows and analyzed using Statistix for Windows (ver-
sion 7.0, 2000, Analytical Software, Inc., Tallahas-
see, FL, USA) and Statistica for Windows (version
5.5,2000, StatSoft Inc., Tulsa, OK, USA) programs.
The tensile bond strength results were analyzed by
two-way analysis of variance (ANOVA). The level

Table 1 - Groups (n = 5) and periods of time of ultrasonic
instrumentation.

Time of ultrasonic Without cycling With cycling
instrumentation (n =20) (n =20)
0 minutes 5 5
5 minutes 5 5
10 minutes 5 5
15 minutes 5 5
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of significance adopted for rejection of the hypoth-
esis of equality between the effects produced by the
factors as well as the interaction effects of these fac-
tors was set at 5%. In the case of rejection of these
hypotheses, the Tukey test was used at the 5% level
to detect at which level this difference occurred.

Results

Means of tensile force and the results of the de-
scriptive analysis are shown in Tables 2 and 3, re-
spectively.

Statistical significance of differences among
groups was tested by two-way ANOVA (Table 2).

Post hoc multiple comparisons were performed
by the Tukey test (Table 3)

Discussion

Ultrasonic instruments are extensively applied in
dentistry for the removal of dental calculus’* and in-
traradicular retainers.'®'* Other investigators also in-
dicated its use for the removal of crowns.'>!> Howev-

Table 2 - Two-way analysis of variance (ANOVA).

Variable | Cgrese of | Sum of | Meon ot £ | probabily
Time 3 181974 | 60658.0 | 8.65 | 0.0002
Cycling 1 317793 | 317793 | 45.31 | 0.0000
Interaction 3 83751.4127917.1 1 3.98 | 0.0162
Residual 32 224430 | 7013.43

Total 39 807948

Table 3 - Means (N) and standard deviations of tensile
bond strength.

Cycling | Time (minutes) Mean £ SD Tukey analysis
10 599.18 +119.74 A
Without 5 582.93+ 83.62 A
(N) 0 562.24 + 46.64 A
15 532.54 + 108.65 A
10 470.85+ 50.08 A
With 0 452.01 = 40.89 A
(N) 5 44423+ 35.16 A
15 196.75 + 124.02 B*

Means with different letters were significantly different at P < .05.
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er, the findings of these studies are contradictory, and
this discrepancy might be explained by factors such as
conicity of the preparation, time of instrumentation,
type of cementing agent and thermal cycling.!>!

In the present study, a 16° conicity was prepared
since it provides adequate tensile bond strength for
crowns cemented with zinc phosphate cement and it
is closest to the convergence angle obtained in clini-
cal practice.'s"

The time of instrumentation seems to be deci-
sive in the reduction of the tensile bond strength
of crowns cemented with zinc phosphate cement.'?
Bond strength is provided by mechanical interlock-
ing between cement and crown and between ce-
ment and tooth due to the fact that, no matter how
smooth a surface seems, it contains irregularities at
the microscopic level.

In ultrasonic instrumentation, vibration causes
fracture of the cement that fills irregularities in the
crown and dental surface, with cement fracture re-
ducing bond strength.'>'® A significant reduction in
tensile bond strength was observed in studies em-
ploying longer ultrasonic instrumentation times,
probably because of greater cement fracture.

In the present study, a duration of ultrasonic in-
strumentation shorter than 15 min did not reduce
tensile strength, while at 15 min the reduction was
significant. Similar results have been reported by
Matsumura et al.' (1996) although shorter instru-
mentation periods, in absolute terms, were employed
by the authors because the specimens were smaller.

A reduction in tensile bond strength has also
been reported for specimens submitted to thermal
cycling.!”?® However, the number of cycles used
seems to be a determining variable.'”? Thermal
cycling exerts the same effect on cement, i.e., the
difference in the coefficient of linear thermal expan-
sion between tooth, cement and metal causes dis-
tinct movements of these substances, which in turn
lead to fracture of the interlocking materials and,
consequently, a reduction in tensile bond strength.
Brown et al.’’ (1972) showed that 3,650 cycles cor-
responded to one year of aging. In the present study,
5,000 cycles were applied which correspond to an
approximate use of one year and six months.

Ultrasonic instrumentation and thermal cycling ex-



ert an analogous effect on cements. Therefore, in the
present study the combined effect of these two proce-
dures was evaluated. Our results showed that under
the present experimental conditions the combination
of 5,000 cycles and 15 min of ultrasonic instrumenta-
tion caused a drastic reduction in the tensile strength
of crowns cemented with zinc phosphate cement,
while periods shorter than 15 min or even the absence
of ultrasonic instrumentation did not reduce tensile
strength, probably because of the lack of fracture of
the cement that is in contact with the tooth or crown.

The present findings suggest that ultrasonic
instrumentation should be performed with mod-
eration, especially in the case of teeth with alloy
crowns. Although in most cases a long period of ul-
trasonic instrumentation cannot be avoided during
active periodontal treatment, in a single tooth the
sum of periods of instrumentation during support-
ive periodontal treatment can be decisive and can
culminate in a reduction of the tensile bond strength
of the crown. As a result, just a few years of sup-
portive periodontal treatment would be sufficient to
damage the cementing agent.

This problem might be more evident and is more
likely to occur at sites with little clinical attachment
loss. At these sites, the end of the crowns is close to
the region of ultrasonic instrumentation, in contrast
to sites with extensive clinical attachment loss where
the cervical end of the crowns is more distant from
the instrumentation area. As a consequence, the ac-
tive tip of the scaler will eventually touch the border
of the crown.

Further studies varying the cervical end of the
preparation, alloys, cements, crown-coating mate-
rial, and mechanical cycling should be performed
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to determine their interrelationship with ultrasonic
instrumentation.

In addition, clinical studies should be conducted
to verify whether the probability of crowns becom-
ing loose is indeed higher in patients with zinc phos-
phate-cemented crowns whose teeth are frequently
instrumented with ultrasonic instruments. If this is
true, new conducts should probably be established
for the use of ultrasonic instruments, especially in
the case of teeth with cemented crowns with healthy
clinical attachment levels.

It should be pointed out that an ideal 16° co-
nicity of the preparation — which would render ad-
equate tensile bond strength — may not be achieved
in clinical practice. Therefore, the time of instru-
mentation necessary to cause fracture of the ce-
menting agent may vary and can be even shorter, a
fact indicating the need for further investigation of
this event among professionals who routinely use
ultrasound.

Conclusions

We conclude that the variables ultrasonic instru-
mentation and thermal cycling influence the tensile
bond strength of crowns cemented with zinc phos-
phate cement. Thermal cycling and ultrasonic in-
strumentation for 15 min caused a significant reduc-
tion in tensile bond strength.
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