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The effect of pH levels on nonlatex vs latex interarch elastics

Paul S. Saugeta; Kelton T. Stewartb; Thomas R. Katonac

ABSTRACT
Objective: To evaluate the force decay characteristics of nonlatex vs latex interarch elastics within
the normal range of salivary pH levels.
Materials and Methods: Two nonlatex groups and one latex quasi-control group were tested.
Elastics were stretched to 15 mm and were held for 10 seconds (baseline), 4 hours, 8 hours, and
12 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. Each specimen was used once. Measurements were assessed
using three-way analysis of variance (ANOVA).
Results: The three-way interaction between group, pH, and time was not significant (P 5 .13); the
group-by-pH interaction also was not significant (P 5 .70). However, pH-by-time (P 5 .0179) and
group-by-time (P 5 .0001) interactions were significant. American Orthodontics nonlatex
generated significantly higher loads than Auradonics nonlatex. American Orthodontics nonlatex
produced significantly higher forces than American Orthodontics latex at 4, 8, and 12 hours, but not
at 10 seconds. American Orthodontics latex was significantly stronger than Auradonics nonlatex at
10 seconds, but not at 4, 8, and 12 hours.
Conclusions: No clinically significant correlation between pH and force decay was observed.
(Angle Orthod. 2011;81:1070–1074.)
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INTRODUCTION

As the result of latex allergies, nonlatex orthodontic
interarch elastics are becoming increasingly popular.1

Several properties of latex and nonlatex elastics have
been evaluated,2–12 some involving saliva or simulated
saliva solutions.2,6–8,13–17 Few studies have investigated
the effects of salivary pH levels on viscoelastic force
relaxation of nonlatex interarch elastics.18 Great indi-
vidual pH variability is noted within the oral cavity, and
this can fluctuate with diet. Those who examined the
force decay of polyurethane intra-arch chain elastics
have concluded that study of the effects of pH at several

levels would be the next logical step. Also, comparison
of interarch nonlatex elastics vs a latex elastic control at
various pH levels has yet to be done. As newer
formulations of nonlatex elastics such as polyurethane
become more resistant to degradation, they also may
become more resistant to force decay.

One study assessed the mechanical properties of
latex and nonlatex orthodontic elastics.6 Although that
study compared only one brand of elastics, the authors
reported that the former had greater breaking strength
than the latter. A study in 2006 stated that nonlatex
elastics become more ‘‘deformed’’ with use than latex
ones.13 However, both show loss of force along with an
increase in treatment time, and no significant differ-
ences were noted between the two within 24 hours.
Another study by members of the same group19

concluded that there are significant differences be-
tween latex and latex-free elastics, but latex-free
elastics can replace latex products if they are changed
more frequently. Kersey et al.14 compared four brands
of nonlatex orthodontic elastics. They measured force
decay over a 24-hour period while cyclically stretching
the elastics to simulate interarch usage with chewing.
The purpose of the present study is to test similar
interarch elastics in a static environment to isolate the
influence of pH on force decay.
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As in the study by Wang et al.,8 the term force
degradation has been used in the orthodontic litera-
ture. Stress relaxation is the technically correct
engineering term.11 Relaxation, however, can be a
result of degradation. Because force is being mea-
sured, force decay is the term used herein to describe
this viscoelastic behavior.

MATERIALS AND METHODS

This study was designed to observe the effects of
pH levels in artificial saliva on force decay in elastics.
Two jig boards (Figures 1 and 2), each with 25 pairs of
pins set 15 mm apart, were used to test 30 sets of
elastics at a time.

Three groups of 3/16 inch (4.76 mm), 6 oz (184 g)
interarch elastics, two nonlatex groups (American
Orthodontics, Sheboygan, Wis; Auradonics Inc, River-
side, NJ), and a latex quasi-control group (American
Orthodontics) were tested at three pH levels over four
time points, with a sample size of 10 in each treatment
combination. Latex was included for material compar-
ison. Based on a previous study,2 the elastics were
stretched to 25 mm for force measurement.

Artificial saliva solutions (SOP L021 preparation of
synthetic saliva) set at prescribed pH levels of 5.0, 6.0,
and 7.5 were provided by the Oral Health Research
Institute in Indianapolis, Indiana. pH levels were
measured every hour using a calibrated pH/ion meter
(Fisher Scientific Accumet Research AR25 Dual
Channel, Fisher Scientific, Pittsburgh, Pa) 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 (Infors HT shaker AG Model CH 4103,

Infors HT, Bottmingen, Switzerland) oscillating be-
tween 25 and 50 rpm during the experiment to help
maintain a uniform pH.

Using 10 elastics per treatment combination allowed
three groups to be tested simultaneously at the same
pH level at 10 seconds (to account for initial stress
relaxation), 4 hours, 8 hours, and 12 hours. The force
was recorded off a horizontally secured and calibrated
digital force gauge (Lutron FG-5000; accuracy 6 [0.4%
+ 1 digit]; Lutron Electronic Enterprise Co Ltd, Taipei,
Taiwan) once a consistent reading was established,
usually within 4 to 5 seconds.

Figure 1. Jig board with 25 sets of pins placed 15 mm apart. Two jig

boards were used for this study. These boards had been used in a

previous study.2

Figure 2. (A) Top and (B) side views of four elastics stacked on

15 mm separated pins. Upon sighting of the hook even with the edge

of the board, one of the elastics is being stretched an additional

10 mm. The magnitude of the required force, F, is measured.
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The elastics were randomly selected from different
packs of the same type/brand and were appropriately
distributed. The tester was blinded as to which type of
elastic was on each dowel pin. Figure 2 displays four
elastics seated on the pin set, one for each time point
measurement.

Statistical Analysis

The standard deviation of the load measurements
was estimated to be 0.11 N based on the study by
Beattie.2 With a sample size of 10 elastics per
treatment combination (total sample size of 3 3 3 3

4 3 10 5 360 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 combi-
nations.

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
non-normal distribution of the loads, analyses were
performed using the ranks of the measurements.

RESULTS

Three-way interactions between group, pH, and time
were not significant (P 5 .13; Figure 3). The group-by-pH
interaction also was not significant (P 5 .70). However,
the pH-by-time (P 5 .0179) and group-by-time (P 5

.0001) interactions were significant, so the results for
each effect must be conditioned on other effects.

American Orthodontics nonlatex (NLAm) produced
significantly higher forces than Auradonics nonlatex
(NLAu). NLAm had significantly higher force measure-
ments than LAm at 4, 8, and 12 hours, but not at
10 seconds. LAm readings were significantly higher
than those of NLAu at 10 seconds, but not at 4, 8, and
12 hours.

Figure 3. Force measurements, with each bar representing individual specimens, and group means with standard deviations. LAm indicates

Latex by American Orthodontics; NLAm, nonlatex by American Orthodontics; and NLAu, nonlatex by Auradonics Inc. No significant correlation

was noted between pH and force over time among all products tested. LAm at time point 0, pH 7.5, shows greater variability, which may have

been due to inconsistencies in material composition and dimension.
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At 10 seconds, measurements in pH 5 5.0 were
significantly lower than in pH 5 7.5, although the levels
were within the range of all other groups. No other
significant differences between pH levels were found.

LAm produced significantly higher forces at 10 sec-
onds than at 4, 8, and 12 hours. NLAm was
significantly stronger at 10 seconds and 4 hours than
at 8 hours. NLAu did not exhibit a significant time effect
(P 5 .21). When all three groups were combined,
significantly higher forces were observed at 10 seconds
than at 8 hours for pH 5 5.0 and pH 5 6.0. For pH 5

7.5, forces at 10 seconds were significantly greater
than those at 4 hours, 8 hours, and 12 hours.

DISCUSSION

Various studies2,3,5–9,3,14,17–20 have attempted to es-
tablish the mechanical and environmental factors that
contribute to the force decay of interarch elastics.
However, a recent study18 involving the effects of pH
levels did not consider interarch elastics, nor the
material modifications of the past 20 years.9

In the present study, pH is not a significant
contributor to force decay. Over the 12-hour span of
the experiment, time appeared to be influential, with
latex elastics exhibiting a marked decrease in force
within the first 4 hours, regardless of pH, although a
nonsignificant decrease was found in the nonlatex
groups. The rapid decrease in force is consistent with
most studies in the literature.

During the experiment, factors such as temperature
of the artificial saliva, time in solution, and deforma-
tions during handling on the jig board were kept as
consistent as possible. Nonetheless, as in other

studies,6,7,14 a high level of variability was noted,
leading to questions about uniformity in composition
and dimension, regardless of brand. Indeed, unmag-
nified examination of the three products revealed
obvious quality control issues in thickness and
uniformity (Figures 4 through 6), which the authors
believe contributed greatly to variability in force
measurements. Future studies have been suggested
to examine the manufacturing challenges and lack of
consistency among interarch elastics. Such issues
should be addressed before additional studies involv-
ing variables such as mechanical load, pH, or other
contributing factors are undertaken.

CONCLUSIONS

N No significant correlation between pH and force
decay was observed.

Figure 4. (A) Top and (B) side views of representative latex quasi-

control (American Orthodontics) specimens.
Figure 5. As in Figure 4, but for nonlatex (American Orthodontics).

Figure 6. As in Figure 4, but for nonlatex (Auradonics Inc).
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N Time in service and visible imperfections are more
influential. Variation in size and quality between
specimens within each product probably contributed
to the large variability in results.

N Greater consistency in product sizing, thickness, and
uniformity is necessary for the conduct of studies into
the behaviors of nonlatex and latex interarch elastics.

ACKNOWLEDGMENTS

The authors would like to thank Dr David Berzins of Marquette
University School of Dentistry, and Dr Sean Beattie, Dr Armando
Soto-Rojas, Dr James Shanks, and Mr George Eckert for their
contributions and assistance. We also thank American Ortho-
dontics and Auradonics Inc for their contributions of elastics.

REFERENCES

1. Snyder HA, Settle S. The rise in latex allergy: implications
for the dentist. J Am Dent Assoc. 1994;125:1089–1097.

2. Beattie S, Monaghan P. An in vitro study simulating effects
of daily diet and patient elastic band change compliance on
orthodontic latex elastics. Angle Orthod. 2004;74:234–239.

3. Dos Santos RL, Pithon MM, Da Silva Mendes G, Romanos
MT, De Oliveira Ruellas AC. Cytotoxicity of intermaxillary
orthodontic elastics of different colors: an in vitro study.
J Appl Oral Sci. 2009;17:326–329.

4. Huget EF, Patrick KS, Nunez LJ. Observations on the elastic
behavior of a synthetic orthodontic elastomer. J Dent Res.
1990;69:496–501.

5. Paige SZ, Tran AM, English JD, Powers JM. The effect of
temperature on latex and non-latex orthodontic elastics. Tex
Dent J. 2008;125:244–249.

6. Russell KA, Milne AD, Khanna RA, Lee JM. In vitro
assessment of the mechanical properties of latex and non-
latex orthodontic elastics. Am J Orthod Dentofacial Orthop.
2001;120:36–44.

7. Tran AM, English JD, Paige SZ, Powers JM, Bussa HI, Lee
RP. Force relaxation between latex and non-latex orthodon-

tic elastics in simulated saliva solution. Tex Dent J. 2009;
126:981–985.

8. Wang T, Zhou G, Tan X, Dong Y. Evaluation of force
degradation characteristics of orthodontic latex elastics in
vitro and in vivo. Angle Orthod. 2007;77:688–693.

9. Graber TM, Vanarsdall RL, Vig KW. Orthodontics: Current
Principles & Techniques. 4th ed. St Louis, MO: Elsevier-
Mosby; 2005.

10. McCrum NG, Buckley CP, Bucknall CB. Principles of
Polymer Engineering. 2nd ed. Oxford: Oxford University
Press; 1997.

11. Meyers MA, Chawla KK. Mechanical Behavior of Materials.
1st ed. Upper Saddle River, NJ: Prentice-Hall; 1999.

12. Proffit WR, Fields HW, Sarver DM. Contemporary Ortho-
dontics. 4th ed. Chicago, Ill: CV Mosby; 2007.

13. Bertoncini C, Cioni E, Grampi B, Gandini P. In vitro
properties’ changes of latex and non-latex orthodontic
elastics. Prog Orthod. 2006;7:76–84.

14. Kersey ML, Glover K, Heo G, Raboud D, Major PW. An in
vitro comparison of 4 brands of nonlatex orthodontic
elastics. Am J Orthod Dentofacial Orthop. 2003;123:
401–407.

15. Kleinberg I. Studies on dental plaque. I. The effect of
different concentrations of glucose on the pH of dental
plaque in vivo. J Dent Res. 1961;40:1087–1111.

16. Mormann JE, Muhlemann HR. Oral starch degradation and
its influence on acid production in human dental plaque.
Caries Res. 1981;15:166–175.

17. Sanada K, Endo T, Yabe T. [Effect of salivary components
on the degradation of orthodontic rubber elastics]. Shigaku.
1986;74:16–22.

18. Ferriter JP, Meyers CE Jr, Lorton L. The effect of hydrogen
ion concentration on the force-degradation rate of ortho-
dontic polyurethane chain elastics. Am J Orthod Dentofacial
Orthop. 1990;98:404–410.

19. Gandini P, Gennai R, Bertoncini C, Massironi S. Experi-
mental evaluation of latex-free orthodontic elastics’ behav-
iour in dynamics. Prog Orthod. 2007;8:88–99.

20. Holmes J, Barker MK, Walley EK, Tuncay OC. Cytotoxicity
of orthodontic elastics. Am J Orthod Dentofacial Orthop.
1993;104:188–191.

1074 SAUGET, STEWART, KATONA

Angle Orthodontist, Vol 81, No 6, 2011

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


