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The influence of pH levels on mechanical and biological properties of

nonlatex and latex elastics
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ABSTRACT
Objective: To evaluate the influence of pH levels on interarch elastics with regard to force decay
and cytotoxicity.
Materials and Methods: One nonlatex (NLAO) group and one latex (LAO) group were tested (n 5

10). Elastics were stretched to 25 mm and were held for 1, 6, 12, and 24 hours in artificial saliva
solutions with pH levels of 5.0, 6.0, and 7.5. Force magnitudes were measured at 25 mm of
activation. The cytotoxicity assay was performed using cell cultures (L929 mouse fibroblast cell
line), which were subjected to the cell viability test with neutral red (‘‘dye-uptake’’). Force decay and
cytotoxicity were assessed using analysis of variance, the Sidak method, and a Tukey’s test.
Results: The interactions between group, pH, and time showed no statistically significant
differences (P 5 .29). When pH per time (P 5 .032) and group per time (P 5 .0009) were
considered, these interactions showed statistically significant differences (P , .05). The pH did not
interfere directly in the degradation results of the tested elastics. The cytotoxicity test showed that
group LAO presented lower cell viability when compared with group NLAO over the course of the
entire experiment. There was a gradual reduction in cell viability from 1 hour to 24 hours. A
significant difference (P , .05) was found between the interactions group pH and the control group
of cells, except between group NLAO at the time point of 1 hour at different pH values and at the
time points of 6 and 12 hours with pH 5 (P . .05).
Conclusions: No significant correlation between pH, force decay, and cytotoxicity was observed.
(Angle Orthod. 2012;82:709–714.)
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INTRODUCTION

Latex elastic has been extensively used in ortho-
dontics since the advent of the specialty. However,
latex is not in the category of materials known to be
entirely inoffensive.1–5 As a result of latex allergies,
nonlatex orthodontic elastics are becoming increas-

ingly popular.6 Several properties of latex and nonlatex
elastics have been evaluated,5,7,8 some involving saliva
or simulated saliva solutions.9–12 Few studies have
investigated the effects of salivary pH levels on
viscoelastic force relaxation of nonlatex interarch
elastics.13 Great individual pH variability is noted within
the oral cavity, and this can fluctuate with diet.14

One study15 assessed the mechanical properties of
latex and nonlatex orthodontic elastics. Although the
cited study compared only one brand of elastics, the
authors reported that the former had greater breaking
strength than the latter. A 2006 study11 indicated that
nonlatex elastics become more ‘‘deformed’’ with use
than do those made of latex. However, both show loss
of force as treatment time increases, and no significant
differences were noted between the two within
24 hours.

Another study16 by members of the same group
concluded that there are significant differences
between latex and latex-free elastics, but latex-free
elastics can replace latex products if they are changed
more frequently.
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The term force degradation10 has been used in the
orthodontic literature; however, stress relaxation is
the technically correct engineering term.8 Relaxation,
however, can be a result of degradation.14 Because
force is being measured, force decay is the term used
herein to describe this viscoelastic behavior. On the
other hand, studies13,14 involving the effects of Ph
levels did not consider whether the force decay:pH
ratio would have an influence on the biologic properties
of this material. The purpose of the present study was
to test the influence of pH levels on latex and nonlatex
interarch elastics with regard to force decay and
cytotoxicity.

MATERIALS AND METHODS

Degradation Test Mechanical and pH

This study was designed to observe the effects of
pH levels in artificial saliva on force decay and
cytotoxicity in elastics. Four jig boards, each with 20
pairs of pins set 15 mm apart, were used to test 20
sets of elastics at a time.14

Two groups of 3/16-inch (4.76-mm), 6-ounce (184-g)
interarch elastics (group nonlatex [NLAO; American
Orthodontics, Sheboygan, Sheboygan, Wisc] and
group latex [LAO; American Orthodontics]) were
tested at three pH levels over four time points, with
a sample size of 10 in each treatment combination.
Based on a previous study,14,17 the elastics were
stretched to 25 mm for force measurement.

Artificial saliva solutions set at prescribed pH
levels of 5.0, 6.0, and 7.5 were provided by the
pharmacy school of the Federal University of Rio de
Janeiro (Rio de Janeiro, Brazil). pH levels were
measured every hour using a calibrated pH/ion meter
(model 300, Analyser, São Paulo, SP, Brazil) and
were adjusted accordingly with 1 M citric acid or 1 M
sodium hydroxide. Solutions were incubated at
approximately 37uC. The tubs of artificial saliva
solution were placed on a rocker (Model TS-8,
Meditry, Shanghai, China) oscillating between 25
and 50 rpm during the experiment to help maintain a
uniform pH.

The use of 10 elastics per treatment combination
allowed the groups to be tested simultaneously at the
same pH level at 1, 6, 12, and 24 hours. The force was
recorded off a horizontally secured and calibrated
digital force gauge (Imada DS2-11, accuracy 60.2%,
Imada Inc, Northbrook, Ill). A consistent reading was
established, usually within 4 to 5 seconds. All elastics
had recent manufacturing dates and were randomly
selected from different packs of the same type/brand
and were appropriately distributed. The tester was
blinded with regard to the type of elastic that was on
each dowel pin.

Cytotoxicity Test

After the degradation test mechanical, the elastics
were submitted to a cytotoxicity test. Previously, the
elastics were superficially washed with deionized
water (Millipore, Bedford, Mass) for 5 seconds and
sterilized on both sides with ultraviolet light (Labconco,
Kansas City, Mo) for 30 minutes.3–5,18

To verify the cell response to extreme situations,
another three groups were included in the study: group
cell control (CC), consisting of cells not exposed to any
material; group positive control (C+), consisting of
Tween 80; and group (negative control (C2), consist-
ing of phosphate-buffered saline (PBS) solution in
contact with the cells.

Cell culture containing L-929 line cells (mouse
fibroblast; American Type Culture Collection, ATCC,
Rockville, Md) was maintained in Eagles’ minimum
essential medium (MEM; Cultilab, Campinas, São Paulo,
Brazil) by adding 0.03 mg/mL of glutamine (Sigma, St
Louis, Mo), 50 mg/mL of garamicine (Schering Plough,
Kenilworth, NJ), 2.5 mg/mL of fungizone (Bristol-Myers-
Squibb, New York, NY), 0.25% sodium bicarbonate
solution (Merck, Darmstadt, Germany), 10 mM of
HEPES (Sigma), and 10% bovine fetal serum (Cultilab,
Campinas) for the growth medium or no bovine fetal
serum for the maintenance medium only. After this, the
cell culture medium was incubated at 37uC for 48 hours.

The method for evaluating the cytotoxicity was the ‘‘dye-
uptake’’ test.19 This method is based on neutral red dye
incorporated into live cells. It was used in this experiment
only for the following periods of evaluation: 1, 6, 12, and
24 hours. These periods represent the time intervals of 1,
6, 12, and 24 hours during which the elastic remained in
the cell culture medium before being removed.

Dye Uptake

Volumes of 100 mL of L-929 line cells were distributed
into 96-well microplates. After 48 hours, the growth
medium was replaced with 100 mL of Eagles’ MEM
obtained after incubation in the different types of
elastics and positive and negative control at 1, 6, 12,
and 24 hours. Positive and negative control groups
consisted of culture medium placed in contact with
100 mL of Tween 80 and 100 mL of PBS solution,
respectively. After 24-hour incubation, 100 mL of 0.01%
neutral red dye (Sigma) was added to the culture
medium in the 96-well microplates, which were incu-
bated again for 3 hours at 37uC so that the red dye could
penetrate the live cells. After this period of time, 100 mL
of 4% formaldehyde solution (Vetec, Rio de Janeiro,
Brazil) in PBS (130 mM of NaCl; 2 mM of KCl; 6 mM of
Na2HPO4 2 H2O; 1 mM of K2HPO4 1 mM; pH 7.2) were
added in order to promote cell attachment to the plate.
After 5 minutes, 100 mL of 1% acetic acid (Vetec) and
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50% methanol (Vetec) were added in order to remove
the dye. After 20 minutes, a spectrophotometer
(BioTek, Winooski, Vt) at 492-nm wavelength (l 5

492 nm) was used to read the data.

Statistical Analysis

The standard deviation of the load measurements
was estimated to be 0.11 N based on the study by
Beattie and Monaghan.17 With a sample size of 10
elastics per treatment combination (total sample size
of 2 3 3 3 4 3 10 5 240 elastics), the study was
designed to have at least 80% power to detect a
difference of 0.2 N (20 g) between any two treatment
combinations, assuming two-sided tests at a 5%
significance level for each set of comparisons among
treatment combinations. The effects of material, pH,

and time on measured loads were assessed using
three-way analysis of variance (ANOVA). Pair-wise
comparisons between treatment combinations were
adjusted for multiple comparisons using the Sidak
method. Because of nonnormal distribution of the
loads, analyses were performed using the ranks of the
measurements. The cytotoxicity test data presented
normal distribution and were compared by ANOVA,
and the Tukey multiple comparison test was used for
identifying differences between the groups. The level
of significance was set at P , .05.

RESULTS

Degradation Test Mechanical and pH

The interactions among group, pH, and time showed
no statistically significant differences (P 5 .29) (Figures 1

Figures 1 and 2. Elastic force decay (mean and standard deviation) of the latex (group LAO) and nonlatex (group NLAO) elastics of American

Orthodontics for the different pH levels and times evaluated.
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and 2). The interactions between groups considering the
different pH values were not significant (P 5 .52).
However, when pH per time (P 5 .032) and group per
time (P 5 .0009) were considered, these interactions
showed statistically significant differences (P , .05)
(Figures 1 and 2). Force degradation was directly
proportional to the increase in evaluation time. Nonlatex
elastics showed better performance (Figure 2) with
higher force release and lower degradation loss when
compared with latex elastics (Figure 1) over the course
of the entire experiment. The pH did not interfere directly
in the degradation results of the elastics tested.

Cytotoxicity Test

Viability was established by comparison with the
viability of control cells, which was arbitrarily set at
100%. Group LAO showed lower cell viability when
compared with group NLAO during the entire experiment.

There was gradual reduction in cell viability from 1 hour to
24 hours (Figures 3 and 4). Cell viability ranged from
97.5% (61.76%) to 90% (61.09%) in group NLAO and
from 92.5% (61.61%) to 87% (61.17%) in group LAO, in
comparison with control cells (Figures 3 and 4). A
significant difference (P , .05) was found between the
interactions group-pH and control group of cells, except
between group NLAO at the time point of 1 hour at the
different pH values and at the time points of 6 and 12 hours
at pH 5 (P . .05).

DISCUSSION

Various studies5,7,9,10,12,13,16 have attempted to establish
the mechanical and environmental factors that contribute
to the force decay of interact elastics. However,
studies13,14 involving the effects of Ph levels did not
consider whether the force decay:pH ratio would have an
influence on the biologic properties of this material.

Figures 3 and 4. Cell viability (in percent) of latex (group LAO) and nonlatex (group NLAO) elastics of American Orthodontics for the different pH

levels and times evaluated and for the control group: group CC 5 cell control; group C2 5 PBS solution; and group C+ 5 Tween 80.
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In the present study, pH did not contribute signifi-
cantly to force decay. Over the 24-hour span of the
experiment, time appeared to be influential, with latex
elastics exhibiting a marked decrease in force in
comparison with the nonlatex type, regardless of pH,
although a nonsignificant decrease was found in both
groups. The rapid decrease in force is consistent with
the results of studies14,17 in the literature.

During the experiment, factors such as the artificial
saliva temperature, time in solution, and deformations
during handling on the jig board were kept as
consistent as possible.14 Nonetheless, as in other
studies,9,12,14 a high level of variability was noted,
leading to questions about uniformity in composition
and dimension of these materials. Indeed, unmagnified
examination of the tested elastics revealed obvious
quality control issues in terms of thickness and
uniformity,14 which the authors believe contributed
greatly to the variability in force measurements.

With regard to the cytotoxicity test, the monolayer
cell culture model was used in the present study.4,20

This model was used together with the dye-uptake
technique19 because the cytotoxicity of materials can
be determined by spectrophotometry.

Spectrophotometric assay allows rapid and reliable
evidence of cell viability to be obtained, based on the
use of vital stain incorporated into viable cells. In this
study, neutral red dye was used because it is widely
used for identification of L-929 cell viability.3,4 Dead or
damaged cells cannot incorporate vital stain and are
thus not recognized on optical reading. Therefore,
spectrophotometry does not allow dead cells to be
distinguished from the damaged ones.3 The choice of
L-929 mouse fibroblasts resulted from the fact that
they show results comparable with those of primary
human gingival fibroblasts,21,22 but one cannot interpret
the cell culture results as a human response.

Allergy to natural latex occurs because of the presence
of many types of proteins, and the powder covering the
orthodontic elastics works as a transporter of these
proteins.3 Therefore, the development of nonlatex elastics
has become increasingly important for clinical use.

In the present study, the American Orthodontics
nonlatex elastics had fewer cytotoxic effects than did
the latex elastics. As the powder covering the
elastomeric ligatures was removed before performing
the in vitro studies, it was not possible to know whether
this powder would have any effect. The powder was
removed in order to standardize the samples, as the
composition and quantity of powder present in the
elastics could interfere with the results.

According to Schmalz,23 the great danger is that
potentially cytotoxic intraoral elastics could release
substances that might be ingested by the patient over
time, thus causing diseases that result from a cumulative

effect. It is known that latex is not entirely biocompatible,
as it may interact with foods2 and medications.24

The elastomeric ligatures evaluated in this study
showed over 87% cell viability in all experimental periods.
Hanson and Lobner25 evaluated 3/16-inch interior lumen
(medium) latex and nonlatex elastics and found cell lysis
to be 50% higher for latex elastics compared with the
nonlatex type. However, the authors considered both
types of elastics appropriate for orthodontic use.
Therefore, it is suggested that elastics showing cell
viability of less than 50% should be avoided in order to
prevent the cumulative effects of the cytotoxic compo-
nents released from these elastics into the body.23

This study showed that both elastics presented great
cell viability, and the influence of pH on the degrada-
tion of elastic strength and cytotoxicity was not
confirmed, indicating an appropriate process of indus-
trialization and/or the presence of stabilizing substanc-
es noncytotoxic in the composition these elastics.
However, the nonlatex elastics showed better perfor-
mance with regard to mechanical and biological
properties, although further studies are suggested to
examine the manufacturing challenges and lack of
consistency of shape among interarch elastics.14

CONCLUSIONS

N Within the limits of this in vitro study, no significant
correlation among pH, force decay, and cytotoxicity
was observed. The time of use and imperfections in
the shape of elastics had more influence and
contributed to the variability in results.
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