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Monomer release from orthodontic
retentions: An in vitro study

Chloé Pelourde,? Raoul Bationo,? Marie-José Boileau,? Jacques Colat-Parros,? and Fabienne Jordana®
Nantes and Bordeaux, France, and Ouagadougou, Burkina Faso

Introduction: The adhesives used to bond orthodontic retentions are low-loaded composite resins with a
resinous matrix containing bisphenol A diglycidyl ether dimethacrylate synthesized from bisphenol A (BPA),
fluidizers such as triethylene glycol dimethacrylate (TEGDMA) and hydrophilic polymers such as
hydroxyethylmethacrylate. BPA disrupts the endocrine balance, and TEGDMA has high risks for human
health: eg, allergies and cytotoxicity. The aim of this study was to evaluate in vitro the release of monomers
from orthodontic bonded retentions. Methods: A reproducible model of bonded retentions was carried out using
calibrated molds. We analyzed the release of monomers by gas phase chromatography coupled with mass
spectrometry. Results: This model allowed us to qualitatively and quantitatively evaluate the in-vitro release
of monomers from orthodontic adhesives. The quantitative and qualitative analyses showed no BPA release
above the 0.02 ppm detection limit. A greater release of TEGDMA was observed with Transbond LR
(31.7 pg/mL) than with Transbond XT (13.12 pg/mL) (both, 3M Unitek, Monrovia, Calif). Other toxic
components (iodobenzene, iodobiphenyl, triphenyl stibine, and so on) were also identified. Conclusions: Toxic
and carcinogenic molecules not mentioned in the material safety data sheets were identified. (Am J Orthod

Dentofacial Orthop 2018;153:248-54)

onded systems occupy a prominent place in or-
thodontics, including fixed retainers that can
remain in the mouth for several decades.

Fixed lingual retainers, which have been used in or-
thodontics since the 1970s,' are bonded to the anterior
mandibular teeth to prevent relapse or secondary crowd-
ing of the incisors.” These retainers are composed of
braided or metallic wires bonded to enamel with a
restorative resin composite or flowable orthodontic ad-
hesives.”" Depending on the protocol, all 6 anterior
teeth or only the canines are involved.”

The composite resins used in orthodontics consist of
mineral fillers, resin matrix—generally bisphenol A digly-
cidyl ether dimethacrylate (Bis-GMA) synthesized from
bisphenol A (BPA) and urethane—fluidifiers belonging
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to the triethylene glycol family, catalysts (eg, camphro-
quinone), and various other additives. The self-etch
bonding systems have introduced acid polymers and hy-
drophilic polymers such as hydroxyethyl-methacrylate.”

The increasing presence of polymers in the oral cavity
has raised questions for several years about the safety of
the components of the resinous matrix. Orthodontic adhe-
sives induce cytotoxicity, disturbing cell metabolism and
inducing cell death, even up to 2 years after polymeriza-
tion®'” and may cause inflammatory response in test
animals.'®"' Eliades et al” indicated the absence of estro-
genicity in orthodontic adhesive eluents. Gioka et al”*' noted
that a moderate reduction in DNA synthesis was obtained
by adhesive eluents, implying a minor cytostatic effect.

Among the leached compounds, BPA is the most
studied. Qualified as an endocrine disruptor due to its
ability to bind and activate the estrogen receptor in hu-
mans, its effects are proven in animals and suspected in
humans.””*® In July 2012, the United States Food and
Drug Administration”’ amended its regulations to
disallow the use of BPA-based epoxy resins as coatings
in packaging for infant formula.”® The no observable
adverse effect level is 5 mg per kg body weight per day
of BPA in the United States.”” In January 2015, the toler-
able daily intake of BPA was reduced from 50 to 4 pg per
kg body weight per day. BPA is banned for food contact
in some European countries.””*"
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Other products less investigated than BPA but with » .
. P . . . Table I. Composition of resins used
potential toxicity, including some diluents such as triethy-
lene glycol dimethacrylate (TEGDMA) and Bis-GMA, are Composition from chemical safety
released from restorative or bonding composites.”****' %’ Product Batch data sheet
A protocol for the bonding of orthodontic retention Transbond LR GF9RC Silane treated quartz: 75%-85%

. - . - (CA.S. No. 100402-78-6)
wires has been developed to investigate the possible Triethylene glycol dimethacrylate

release of monomers (BPA and TEGDMA in particular) (TEGDMA): 5%-15%
and to quantify this release by expressing it per unit (C.AS. No. 109-16-0)
area of exposed bond using gas phase chromatography Bisphenol A diglycidyl ether

dimethacrylate (Bis-GMA): 5%-

15% (C.A.S. No. 1565-94-2)
Dichloromethylsilane reaction
MATERIAL AND METHODS product with silica: <2%
(C.A.S. No. 68611-44-9
N,N-dimethylbenzocaine: <0.3%

(C.A.S. No. 10287-53-3)

coupled with mass spectrometry.

To better simulate the quantity of adhesive applied to
an orthodontic retainer, a sample of each composite

(Transbond XT, Transbond LR; 3M Unitek, Monrovia, Diphenyliodonium
Calif) was prepared using calibrated molds by Mini-Mold hexafluorophosphate: <0.1%
Wire Bonder LG (diameter, 4 mm; height, 1.5 mm; G & (C.AS. No. 58109-40-3)

Transbond XT  N592900 Silane treated quartz: 70%-80%
(C.A.S. No. 100402-78-6)
Bisphenol A diglycidyl ether

H Wire Company, Franklin, Indiana). For each sample, 6
dots of composite representing the 6 anterior teeth were

placed. The composition of the adhesives used is detailed dimethacrylate (Bis-GMA): 10%-
in Table 1. 20% (C.A.S. No. 1565-94-2)

Each dot was cured using a curing light (ScanWave Bisphenol A Bis(2-hydroxyéthy! ether)
Mini LED; Acteon; France) with a power of 1500 + 100% dimethacrylate: 5%-10% (CA.S.

. . No.24448-20-2)

mW per square centimeter and a wavelength of radiant Silane treated silica: <2% (CAS. No.
energy between 390 and 510 nm for 20 seconds. 68611-44-9)

In accordance with recommendations, the distance Diphényliodonium
between the light and the composite was reduced to a hexafluorophosphate: <0.2%

minimum of 1 mm to prevent contact and therefore (CAS. No. 58109-40-3)

the mobilization of the Mini-Mold while remaining as
close as possible to the bond.””
The total surface area of each adhesive dot was

electron impact ionization (70 eV, 150 pA, 200°C). The
compounds primarily sought were BPA, TEGDMA, and
32.16 mm? according to the geometry calculation. hydroxyethyl-methacrylate. Data were processed with
Following the International Organization for Standardi- the software Thermo Scientific Xcalibur (Thermo Fisher
zation (1SO) 10993-12:2012 standard for medical- Scientific, Waltham, MA).

device testing in biologic systems,*® each cured sample After identification of the released compounds, the
was immediately immersed in 0.66 mL (surface area/vol- molecules of interest were quantified. The exact con-

ume ratio, 3 em?/mL *+ 10%) of Milli-Q water (Merck centration was calculated by comparison between the stan-
Millipore, Billerica, Mass) in a glass tube for 24 hours dard and the sample compound. To increase the sensitivity,
at 37°C.°**° The immersion liquid was then the acquisition was performed by single ion monitoring.
lyophilized, and 100 pL of dichloromethane was added.

The composition of the eluates was analyzed using gas RESULTS
phase chromatography and mass spectrometry (TRACE The Figure shows the chromatograms of each sam-
Ultra Gas Chromatograph and 1SQ Thermo; Thermo Fin- ple; peaks correspond to chemical compounds according
nigan Electron, Waltham, Mass). A capillary column 15 m to their retention time.
in length with an interal diameter of 0.25 mm and a film The identified chemical molecules in the tested sam-
thickness of 0.25 mm was used with helium carrier gas at ples are presented in Table 11.
a flow rate of 1.5 mL per minute. The splitless mode was Both samples released iodobenzene, camphoric
used to identify a maximum of molecules. The column anhydride, iodobiphenyl, dimethyl benzocaine, TEGDMA,
temperature program was set as follows: initially, 50°C triphenyl stibine, and alkanes. Camphorquinone, lauric
for 1 minute, increasing to 300°C at a rate of 15°C per acid, and hydroxydiphenyl were only detected in Trans-
minute. The injector temperature was 230°C, and the bond XT. Butylhydroxytoluene was identified in Transbond
transfer line was 250°C. Mass spectra were obtained using LR (Table 1).
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Fig. Chromatograms for Transbond LR (top) and Transbond XT (bottom).

Table Il. Compounds found and their chemical formulae

Retention time (min) Compounds Molecular weight Transbond LR Transbond XT
3.43 lodobenzene CgHsl 204 X X
5.92 Camphorquinone C;oH;40, 166 X
7.18 Camphoric anhydride C;oH;,05 182 X X
7.68 Butylhydroxytoluene C;5H,,0 220 X
8.11 Lauric acid C;,H,,0, 200 X
8.9 lodobiphenyl C;,Hol 280 X X
9.19 Dimethyl benzocaine C;;H;5NO, 193 X X
10.34 TEGDMA C,4H,,0¢ 286 X X
10.54 Hydroxydiphenyl C;,H;0,0 170 X
12.73 Triphenyl stibine Sb (C¢Hs)s 352 X X
12.83-14.89 Alkanes - X X
Of all the compounds, only TEGDMA and dimethyl- 13.12 pg/mL for Transbond XT. No trace of BPA was de-
benzocaine were indicated on the Transbond LR safety tected above the detection threshold of 0.02 ppm.

data sheet (Table 1).
The release of TEGDMA, as indicated by the heights DISCUSSION

of the retention peaks characteristic of this molecule, We followed the same 1SO 10993-12:2012 38 stan-
was lower for Transbond XT. This result was confirmed dards as did Bationo et al” for sample preparation and
by the quantitative analysis, which yielded TEGDMA reference material selection for medical-device testing
concentrations of 31.7 pg/mL for Transbond LR vs in biologic systems. We used glass bottles, free from
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Table lll. Protocols for the in-vitro study of the release of monomers from orthodontic adhesives in the literature
(1 ppm = 1 mg/l = 1 pg/ml)

Monomer  Studied adhesives Immersion medium and time Analysis Results
Eliades et al*® TEGDMA Transbond Ethanol + water HPLC  Maximum values:
1995 Bis-GMA Concise 15 days - TEGDMA: 17.4 ppm (Concise)

- Bis-GMA: 6.16 ppm (Transbond)

Gioka et al”' TEGDMA Rely-a-bond Saline solution HPLC  TEGDMA: 11.5 and 13.2 ppm
2005 Bis-GMA Reliance 2 months Bis-GMA: unmeasurable
Eliades et al”' BPA Rely-a-bond Pure alcohol HPLC  No release above the detection limit
2007 Reliance 1,7, 21, 35 days (0.1 ppm)
Eliades et al>> 2011 BPA Transbond XT Double-distilled water GC-MS  BPA detected in all samples
10, 20, and 30 days Highest amount: 1-month group
(2.9 pg/L)
Control (tooth storage solution):
0.16 pg/L.
Sunitha et al”” BPA Transbond XT Pure alcohol HPLC  The release increases:
2011 1,7, 21, 35 days - with the lamp-adhesive distance
- depending on the immersion time:
from 1 to 21 days (maximum:
65.67 ppm)
Kotyk and Wiltshire> BPA Transbond XT Artificial saliva GC-MS  Release at 3 days of 0.34 ppm
2014 1, 3,7, 14 days
Malkiewicz et al®* BPA Transbond XT Water + antiobiotic antimitotic HPLC Resilence: release of BPA, maximal at
2015 Poly-BPA Light Bond preparation 1 hour (32.10 ppm)
Bis-GMA Resilence 1 hour, 1, 7, 31 days ConTec LC, Light Bond and Resilence:
Aspire release of poly-BPA (maximal with
GrénGloo ConTec LC 1 hour (371.90 ppm))
ConTec LC Aspire: release of Bis-GMA, maximal
1 hour (425.07 ppm)
Purushothaman et al”’ BPA Transbond XT Alcohol HPLC  BPA release increased as distance
2015 1,7, 21, and 35 days increased and time decreased.
Chemically cured composites had
less BPA release (0.18 =+ 0.00 at day
1)
Bationo et al® BPA Transbond XT Milli-Q water GC-MS BPA detected in Blugloo
2016 TEGDMA Transbond Supreme LV 1 day TEGDMA detected in all samples
Blugloo
MonoLok 2

SPME, Solid phase microextraction; HPLC, high performance liquid chromatography; LC-MS, liquid chromatography-mass spectrometry; GC-MS,

gas chromatography-mass spectrometry.

interfering compounds, during sampling, sample stor-
age, and extraction, as recommended.”® The 24-hour
period, recommended in the standard 38, was also
retained because salivary BPA concentrations are higher
immediately after material placement and decrease
during the next hours.*"**

Gas phase chromatography and mass spectrometry
allows detection of a variety of elutable and toxicologic
relevant substances.”’ This method after derivatization
was also used to determine the low levels of BPA because
it provides high sensitivity and selectivity.”” An analytic
procedure to detect low volatile monomers such as
bisEMA is now available.”’

On the material safety data sheets, only TEGDMA and
dimethylbenzocaine were indicated for Transbond LR
(Table 1).

American Journal of Orthodontics and Dentofacial Orthopedics

As in the study of Bationo et al,” most of the com-
pounds found in this study were monomers or their
derivatives and additives. Camphorquinone is a pho-
toinitiator, dimethyl benzocaine is a coinitiator,
dihydroxybenzophenone is a photostabilizer, and butyl-
hydrotoluene is a setting inhibitor. Some compounds are
synthesis residues of the raw material (stabilizers, cata-
lysts, and so on).**

TEGDMA was detected in both samples, although a
more significant quantity was detected in Transbond
LR. According to the manufacturer, the proportion of
TEGDMA in Transbond LR is approximately 5% to
15%. Since Transbond LR is intended to bond retention
wires, its composition requires this diluent to reduce the
adhesive viscosity and therefore facilitate its handling
and shaping.

February 2018 e Vol 153 e Issue 2
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Triphenyl stibine is a contaminant that can be geno- The results of in-vitro studies are thus highly variable
toxic.”” The photoinitiator camphorquinone and butyl- because of the diversity of protocols and methods of
hydroxytoluene, a preservative and anti-oxidant used analysis. The fact that some authors have observed the
in food, cosmetics, and medications, are allergens.”*"’ release of BPA above our detection threshold but we
Butylhydroxytoluene is toxic in mice and rats at high have not can be explained by the differences in the im-
doses after long-term exposure. It may mimic estro- mersion media (pure alcohol”'”” or artificial saliva®’)
gen.’” According to Williams and et al,*® at current levels and the immersion time.””
of use as a food additive, butylhydroxytoluene poses no The release of TEGDMA by Transbond XT observed
cancer hazard and, to the contrary, may be anticarcino- in vitro at 24 hours was similar to the gas phase chroma-
genic. lodobenzene is comparable to T4 hormone and tography and mass spectrometry results of Bationo
may act as a thyroid stimulant in rats."® o-phenylphenol, et al,” who analyzed the release of monomers from ad-
listed in the Toxic Substances Control Act, is an experi- hesive discs.
mental teratogen and a human mutagenic. It can have On the other hand, the quantities recorded by Eli-
reproductive effects. p-phenylphenol, also listed in the ades et al”® and Gioka et al”' for other composite resins
Act, is a possible carcinogen and an experimental tumor- for bonding brackets were similar to the results ob-
igenic, with the blood as its target organ.” tained in our study, although the protocols were

A comparison of published results was limited different (Table 111): 17.4 ppm (Concise, 3M Unitek) ac-
because there are few studies on orthodontic adhesives cording to Eliades et al; from 11.5 (Reliance, Reliance
and the inhomogeneity of protocols. Orthodontic Products) to 13.2 ppm (Rely-a-bond) ac-

Our study did not show the release of BPA above the cording to Gioka et al; and 13.12 ppm (Transbond
detection threshold of 0.02 ppm. Bationo et al” also fol- XT) in our study.
lowed the 1SO 10993-12:2012 38 standards and used However, the release of TEGDMA from composites
gas phase chromatography and mass spectrometry anal- intended for bonding retention wires, which must be
ysis. They highlighted the release of BPA from the Blu- more fluid, has not yet been studied. 1t is therefore not
gloo adhesive (Ormco, Orange, Calif) but not from possible to compare the results obtained in this study

Transbond XT, Transbond Supreme LV, or MonolLok 2 for Transbond LR.
(Rocky Mountain Orthodontics, Denver, Colo). Their

detection threshold was also 0.02 ppm.” CONCLUSIONS

Eliades et al”' in 2007 did not observe release above a The analysis of the bonded retention model devel-
detection threshold of 0.1 ppm regardless of the dura- oped in this study allows us to highlight the following
tion of immersion and despite the aging caused by results.

alcohol. However, they studied different adhesives
(Rely-a-Bond; Reliance Orthodontic Products, ltasca,
111) with a model for the bonding of orthodontic brackets
and an analysis of leached monomers by high perfor-
mance liquid chromatography. In contrast, in 2011, Su-
nitha et al®” used a protocol similar to that of Eliades
et al that focused on Transbond XT and detected
measurable amounts of BPA in all samples (at 1, 7, 21,
and 35 days); the maximum amount found reached
65.67 ppm at 21 days.

In 2014, Kotyk and Wiltshire”’ observed BPA release
from Transbond XT composite discs (2 mm thickness,
6 mm diameter) of 0.34 ppm at 3 days. However, they
did not detect BPA above the detection threshold of

1. The absence of BPA above the detection threshold
of 0.02 ppm, which does not exclude the possibility
that this molecule is released in lower quantities.

2. The release of monomers and particularty TEGDMA
at 24 hours from Transbond XT and Transbond LR,
2 composites used for bonding orthodontic reten-
tion wires.

3. Greater release of TEGDMA from Transbond LR
than from Transbond XT.

4. The release of potentially toxic compounds
(iodobenzene, iodobiphenyl, dimethyl benzocaine,
triphenyl stibine, hydroxydiphenyl and butylhy-
droxytoluene).

0.17 ppm at 24 hours (similar to the results of our study) Although in-vivo phenomena are more complex
at 7 and 14 days. (accelerated biodegradation by salivary enzymes and

Finally, Malkiewicz et al’* did not detect BPA in their mechanical stresses applied by masticatory forces and
Transbond XT samples, but the detection threshold was contact with food as well as dilution of harmful agents
not indicated and could therefore have been quite high; in saliva), the results of this in-vitro study allowed us
the lowest concentration of BPA found among the to validate a model of monomer release from an ortho-
various adhesives tested was 1.71 ppm. dontic bonded retainer.
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