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ABSTRACT
Objective: To examine the effects of three different parameters—
—pH value, brands of bracket, and
role of brushing—on
brushing on release of metal ions from orthodontic appliances.
Materials and Methods: Simulated fixed orthodontic appliances which consist of brackets with
covered base were immersed in artificial saliva of different pH values (4.2, 6.5 and 7.6) during 28
28day period. Three different brands of stainless steel brackets were used: Gemini(3M
Gemini(3M), Abzil(3M),
Orthox(JJ ortho) series. All the brackets embedded in self cure and the effect of brushing on ions
release have been evaluated. The quantity of metal ions was determined with the use of a Atomic
absorption spectrophotometer.
Results: The release
lease of Nickel and chromium ions were observed. Results showed that (1) The Ni and
Cr released from all the brands of brackets; (2)The change in pH had a strong effect on the release of
ions; and (3) When compared between brushing and non brushing group maximum amount of Ni and
Cr released from brushing group at all the days.
Conclusion: Levels of released ions are sufficient to cause delayed allergic reactions. This must be
taken into account when different brand of brackets is selected, especially in patients with
hypersensitivity or compromised oral hygiene.
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INTRODUCTION
Metal is a considerable part of an orthodontist’s
armamentarium. Earlier orthodontists used gold, platinum,
Iridium and silver alloys for orthodontic treatment. which were
not esthetically pleasing and corrosion resistant, they lacked
flexibility and tensile
le strength, these alloys were inappropriate
for complex machining and joining when used as traction bars
of that time (Claude G Matasa, 4th edition).
edition Due to this
difficulty stainless steel gain popularity, the force per unit
activation with stainless steel was greater than gold i.e. high
stiffness, excellent work hardening capabilities and low
frictional magnitude (Robert P. Kusy,, 2002).
2002 The austenitic
stainless steel commonly used for orthodontic brackets, bands
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and wires contain approximately 18 percent chromium and 88percent nickel (Park and Shearer
Shearer, 1983). Intra-oral fixed
orthodontic appliances include brackets, bands, ligatures,
springs and arch wires that are made of alloys containing
nickel, cobalt and chromium
um in different percentages (Shin and
Oh Chung-Ju Hwang, 2003).. The mass and duration of arch
wire use is substantially less than that of the stainless steel
brackets in full bonded cases ((Theodore Eliades et al., 2002).
The majority of metals used in the orthodontics contain nickel
(Grimsdottir et al., 1992).. The American Iron and Steel
Institute type 316L austenitic stainless steel alloy, which is
used for bracket manufacturing contains nickel in range of 10%
to 14% (Brantley, 2001). The materials used in the
manufacturing of base and wing components of metallic
brackets are mostly austenitic-type
type stainless steel alloys (303L,
304L, 316L), and recently titanium has been introduced
for the same (Claude
Claude G Matasa
Matasa, 1995). Several studies have
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investigated whether orthodontic appliances release metal ions,
through emission of electro-galvanic currents, with saliva as
the medium or through continuous erosion over time (Harris
et al., 1988; Vandekerckhove et al., 1998; Fiorenzo Faccioni
et al., 2003). The oral environment is particularly ideal for the
biodegradation of metals, because of its thermal, microbiologic
and enzymatic properties (Fiorenzo Faccioni et al., 2003). The
ion release is influenced by factors such as surface
morphology, phase of the metal, galvanic coupling of
dissimilar metals, salivary composition, pH, temperature,
brushing. An unstable metal may corrode, releasing metal ions
into solution (Hera Kim and Jeffery W. Johnson, 1999). The
average dietary intake for nickel is 200-300 µg/day (Grandjean,
1984; Cempel and Nikel, 2006) and for chromium 280 µg/day
(Skin Notation (SK) Profile Metallic Chromium and other
Substances Containing Hexavalent Chromium [Cr(VI)] 2010).
Nickel allergies are common (some sources indicate that 16.9%
of males and 23.8% of females or even 28%of males and
31.9% of females have them) chromium allergy is estimated at
10% in males and 3% in females (Gunseli Agaoglu et al.,
2001). The purpose of this study was to determine the amount
of leaching of different ions from 3 different brands of
orthodontic bracket, At 3 different pH of artificial saliva. To
correlate between manual brushing and amount of leaching of
different ions from Gemini series (3M) orthodontic brackets at
6.5 pH of artificial saliva.

MATERIALS AND METHODS
Three different brands of unused brackets (each brands have
87 brackets which divided equally into 3 subgroups) were kept
in three different container of artificial saliva whose pH
6.5,4.2 and 7.6. The bracket bases were covered with light
cure adhesive Transbond XT, to eliminate the possibility of
corrosion from the inner aspect.

50 ml of artificial saliva of three different pH is taken into the
polyethylene screw top bottle and the brackets were kept in the
saliva for 1,7, 14,21,28 days period of time at room
temperature. Again 50 ml of artificial saliva of 6.5 pH is taken
in polyethylene screw top bottle, and Gemini series of brackets
(29) embedded into self cure acrylic is placed into the saliva
for checking the effect of manual brushing and ion release for
1,7,14,21,28 days period of time at room temperature. The
brushing is done in circular motion twice daily for 3 min using
power toothbrush. To avoid saturation with released ions,
artificial saliva solutions were replaced after each sample
collection. All the polyethylene bottle is labeled with different
pH, and company name with collection date of sample. 5 ml of
sample is taken for the analysis, before taking sample the
polyethylene screw top bottle with artificial saliva is shake
using universal shakers to avoid sedimentation of ions. All
samples collected on all days were analyzed at HIMRAL
laboratory, Sri ramchandra university, chennai, using AAS
(Atomic Absorption Spectrophotometer) Perkinelemer inc.
USA, Model: AAnalyst 400.

RESULTS
There is no statistically significant release of Ni and Cr ions
between Gemini(3M) and Abzil(3M) groups of bracket at
different pH. Orthox (JJ ortho) group shows significant amount
of Ni ion release at pH 4.2 compared with pH 7.6. Cr shows no
statistical difference in orthox series bracket. The statistically
significant increase in the release of Ni and Cr noted between
brushing and non brushing group of brackets in Gemini (3M)
series.

Table 1. Gemini Oneway descriptive

Table 2. Gemini Oneway Anova
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Table 3. Gemini Oneway Post Hoc Tests

Table 4. Gemini Oneway Kruskal-Wallis Test

Table 5. Abzil Oneway descriptive

Table 6. Abzil Oneway Anova
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Table 7. Abzil Oneway Post Hoc Tests

Table 8. Abzil Oneway Kruskal-Wallis Test

Table 9. Orthox Oneway descriptive

Table 10. Orthox Oneway Anova

34075

International Journal of Current Research, Vol. 08, Issue, 07, pp.34071-34077, July, 2016

Table 11. Orthox Oneway Post Hoc Tests

Table 12. Orthox Oneway Kruskal-Wallis Test

Table 13. Gemini brushing and non brushing group t-test

Table 14. Gemini brushing and non brushing group independent sample test
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Table 15. Gemini brushing and non brushing group Mann-Whitney Test

DISCUSSION
The fate of the elements found in the human body has attracted
the interest of investigators because of the apparent clinical
importance of the information. Most of the steel based alloys
used in orthodontics contain nickel and chromium. These
elements give stainless steel its ductility and corrosion
resistance. The focus of this experiment was to compare release
of Ni and Cr from 3 different pH solution. The effect of
brushing on release of Ni and Cr also studied. The saliva
concentration for nickel and chromium in this study showed a
large variation. Despite the scatter of values the metal
concentrations detected were altogether very low generally less
than the daily dietary intake on an average. 3 different pH of
artificial saliva has been taken, as oral cavity pH varies
according to our diet; the Two pH values (6.5 and 7.6) were in
the range of the human natural salivary pH, whereas the pH 4.2
was investigated to simulate a condition that only occasionally
occur when people feed on acidic foods or drinks (eg, lemon
juice, coke) (Jensdottir et al., 2006). Geis –Gerstorfer (1994)
reported corrosion occurs continuously in the mouth and
release of ions take place due to abrasion by foods, liquids and
tooth brushes.
In this study, nickel and chromium were released on all days
and at different pH. The maximum nickel released at 7th day
and gradually decrease on 14, 21 and 28 days of time period.
The pattern of nickel release is similar to the finding of Barrett
and Bishara (1993), Bhaskar (1997), Hwang (2001) study. In
the brushing group the release of nickel and chromium is much
higher than the non brushing group. Maximum nickel released
at 7th day and gradually decrease with time, while chromium
shows gradual rise in concentration with time. Chromium
leach out gradually increases with time, maximum leach out
reported at 28 days at different pH. This finding is
corresponding to the finding of Barrett and Bishara (Barrett
et al., 1993), Hwang et al. (2001), Sfondrini et al. (2008). The
release of nickel and chromium increases with decrese in pH.
Maximum release reported at pH 4.2, followed by 6.5 and 7.6.
This finding is correspond to the finding of Hwang (Chang-Ju
Hwang et al., 2001), Sfondrini (2008), and Huang (2001). The
possible explanations for this behavior can be that, the nickel
present on the surface of the stainless steel may quickly
corrode during the first 7 days of the experiment, then the rate
of release drops off as the surface nickel is depleted. Contrary
to nickel, the rate of chromium corrosion did not decrease after
day 7. As stated earlier, the more plausible assumption is that

the nickel concentration on the surface of the appliances is
being depleted at a faster rate than that for chromium. When
patients undergoing orthodontic treatment for more than 24
months showed lower nickel induced cell proliferation than
those less than 24months as reported by Marigo et al. (2005).
This data suggest that the longer the treatment continues, the
lower the nickel induced Peripheral Blood Mononuclear Cell
(PBMC) Proliferation index; suggesting that oral tolerance
might develop in this context. The present study identified the
effects of changes in pH on the different brands of brackets,
and role of brushing on the release of metal ions. Bracket
manufacturers are free to change raw materials and processing
techniques without complying with any standards or
regulations. They are not selected using scientific criteria,
instead considering availability, cost, and ease of processing.
This has brought to the market attachments, which are not
acceptable.
The need for better steel appears to be more pronounced
among the one piece than among the multipartite brackets.
Improving bracket performance can also help protect patient’s
health. However even such small amount of release produce
sensitivity when the orthodontic appliances are in place for 2-3
years, because symptoms can develop several years later.
Therefore nickel hypersensitivity should be observed on a
long-term basis. High priority should be given to the
development of in-vitro tests, in particular "long-term assays",
which better simulate the biological interactions of metallic
component in vivo. Furthermore, long-term clinical trials in
vivo are needed to ensure the performance of bracket setup in
vivo.
Conclusion
Results of this
conclusions:

investigation

led

to

the

following

1. Orthox series brackets released more nickel ion
compared to Gemini and Abzil series of bracket.
2. Chromium release is not significant in all the 3 brands
of bracket.
3. With decrease in pH, ions release increases.
4. Brushing causes more release of Ni and Cr ions.

REFERENCES
Barrett R.D, Bishara SE, and Quinn J.K. 1993. Biodegradation
of orthodontic appliances. Part1. Biodegradation of nickel
and chromium in vitro. Am J Orthod Dentofacial Orthop.,
Jan ;(103) (1): 8-14.
Brantley WA. 2001. Orthodontic wires, In : Brantley
Wa,Eliades T. Orthodontic materials; scientific and clinical
aspects. Stuttgart; Thieme, 71-105.
Cempel M., G. Nikel, 2006. A Review of Its Sources and
Environmental Toxicology. Polish J. of Environ.Stud. (15).
375-382.
Chang-Ju Hwang, Ji Soo Shin and Jung-Yut Cha, 2001. Metal
release from simulated fixed orthodontic appliances. Am. J
Orthod Dentofacial Orthop., (120).383-91.
Claude G Matasa, 1995. Attachment corrosion and its testing.
JCO, 16-23.

34077

International Journal of Current Research, Vol. 08, Issue, 07, pp.34071-34077, July, 2016

Claude G. Matasa. Biomaterials in orthodontics. Orthodontics
Current Principles and Techniques. Graber, Vanarsdalll,
Vig, 4th Edition, 345-384.
Fiorenzo Faccioni, Paola. F, Marzia. C. and Maria, E.
Francasso 200. In vivo study on metal release from fixed
orthodontic appliances and DNA damage in oral mucosa
cells. Am J Orthod Dentofacial Orthop., (124). 687-94.
Geis –Gerstorfer, 1994. In vitro corrosion measurement of
dental alloys. Journal of Dentistry, 22: 247-51.
Grandjean P. 1984. Human exposure to nickel. IARC Sei Publ.,
(53). 469-85.
Grimsdottir M.R, N.R Gjerdet and A.H Petterson, 1992.
Composition and in vitro corrosion of orthodontic
appliances, Am J. Orthod Dentofacial Orthop., (101).52532.
Gunseli Agaoglu, Tulin Arun, Belgin Izgu, Aysen Yarat, 2001.
Nickel and chromium levels in the saliva and serum of
patients with fixed orthodontic appliances. Angle Orthod.,
71. 375-379.
Harris EF, Newman SM, Nicholson JA. 1988. Nitinol arch
wire in a stimulated oral environment: changes in
mechanical properties. Am J Ortho Dentofacial Orthop.,
(93).508-13.
Hera Kim, Jeffery W. Johnson, 1999. Corrosion of stainless
steel, nickel-titanium, coated nickel-titanium, and titanium
orthodontic wires. Angle Orthod., 69 (1), 39-44
Jensdottir T., P. Holbrook, B. Nauntofte, C. Buchwald and A.
Bardow, 2006. Immediate Erosive Potential of Cola Drinks
and Orange Juices. J Dent Res., 85: 226.
Maria Francesca Sfondrinia, Vittorio Cacciafestaa, Elena
Maffiab, Sarah Massironib, Andrea Scribantea, Giancarla
Albertic, Raffaela Biesuzc, Catherine Klersyd, 2008.
Chromium Release from New Stainless Steel, Recycled

and Nickel-free Orthodontic Brackets. Angle Orthod., 79:
361–7.
Marisa Cristina Leite Santos Genelhu, Marcelo Marigo et al.
2005. Characterization of nickel induced allergic contact
stomatitis associated with fixed orthodontic appliances. Am
J Orthod Dentofacial Orthop., 128;(3). 378- 381.
Park. H.Y and Shearer, T.R. 1983. In vitro release of nickel
and chromium from simulated orthodontic appliances,
Am.J. Orthod Dentofacial Orthop., (84):156-159.
Robert P. Kusy, 2002. Orthodontic biomaterials: from the past
to the present. Angle Orthod., 72. (6). 501-512.
Shin J.S., K T Oh Chung-Ju Hwang, 2003. In Vitro surface
corrosion of stainless steel and NiTi orthodontic
appliances: Aust Orthod J., (19): 13-18.
Skin Notation (SK) Profile Metallic Chromium and other
Substances Containing Hexavalent Chromium [Cr(VI)].
Department of Health and Human Services, Centers for
Disease Control and Prevention, National Institute for
Occupational Safety and Health. www.cdc.gov/niosh, 2010
Theodore Eliades, S. Zinelis, G. Eliades and A.E. Athanasiou:
2002. Nickel content of as received, retrieved and recycled
stainless steel brackets. Am.J. Orthod Dentofacial Orthop.,
(122): 217- 20.
Tsui-Hsien Huang, Chen Chieh Yen and Chia-Tze Kao: 2001.
Comparison of ion release from new and recycled
orthodontic brackets. Am. J Orthod Dentofacial Orthop.,
(120),68-75.
Vandekerckhove R, Temmerman E, Verbeeck R. 1998.
Electrochemical research on the corrosion of orthodontic
nickel titanium wires. Material Science Forum, 289-98.
Vijaya Bhaskar B, VV Subba Reddy, 1997. Biodegradation of
nickel and chromium from stainless steel crowns and space
maintainers - an in vitro study, Annals Dent Univ Malaya,
4: 17-21.

*******

