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Introduction

A number of characteristics have been used to describe
the properties of an ideal orthodontic archwire. The
wire should have a large springback, low stiffness, 
good formability, high stored energy, biocompatibility,
environmental stability, low surface friction, and the
capability to be welded or soldered to auxiliaries (Kapila
and Sachdeva, 1989). Currently no single orthodontic
wire alloy has all of these ideal qualities and each wire
is therefore selected on the basis of its strengths and
limitations.

The biocompatibility of archwires is largely determined
by their metal composition. The presence of nickel in
some archwires has been of particular concern. Nickel
allergy is the most common contact allergy in females in
the USA and Europe (Staerkjaer and Menné, 1990;
Bass et al., 1993). Allergic reactions to orthodontic
appliances have been reported in the literature (Dunlap
et al., 1989). In a study of both corrosion and cellular
immune responses to nickel-containing archwires, it was
found that the quantity of nickel released from wires 
in synthetic saliva was 700 times lower than the concen-
tration of metal required to produce cytotoxic effects in
human peripheral blood mononuclear cells from both
nickel-sensitive and nickel-non-sensitive individuals
(Jia et al., 1999). Nickel and chromium levels in the blood
of patients prior to orthodontic treatment, and 2 and 

5 months following the start of treatment, revealed that
corrosion from these appliances did not increase blood
levels of these two metals even in circumstances where
nickel-titanium (NiTi) wires were used during treatment
(Bishara et al., 1993).

Metals other than nickel are present in orthodontic
archwires. The potential for toxicity due to the release of
each of these metals exists. The aim of this investigation
was to study the in vitro neurotoxic effects of commonly
used metallic orthodontic archwires on murine cortical
cells. This study represents the first known characterization
of the effects of orthodontic materials on cortical cell
cultures. The most commonly used orthodontic archwire
alloys, NiTi, copper-nickel-titanium, titanium-molybdenum,
Elgiloy, and stainless steel, were investigated. Further
experiments were conducted to characterize the
mechanism of toxicity for those wires that caused
significant toxicity. 

Materials and methods

Materials

Timed, pregnant, Swiss Webster mice were obtained
from Charles River Laboratories (Wilmington, Delaware,
USA). The following were investigated: NiTi, copper-
nickel-titanium, titanium-molybdenum (0.016 inch diameter)
archwires (Ormco/Sybron, Glendora, California, USA),
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stainless steel (0.016 inch diameter) archwires and
TransbondTM XT light cure adhesive (3M Unitek,
Monrovia, California, USA), Blue Elgiloy (0.016 inch
diameter) archwires (Rocky Mountain Orthodontics,
Denver, Colorado, USA), and Band-LokTM adhesive
(Reliance Orthodontic Products Inc., Itasca, Illinois,
USA). The exact composition of each archwire is given
in Table 1. The archwires were cut into standard sized
pieces (average weight = 2.9 ± 0.1 mg). Five pieces of
each wire were then placed on tissue culture inserts
suspended above the cultured cells. In this way the
elastics were in contact with the media bathing the
cultures, but not in direct contact with the cells. This
system avoids possible cell damage due to physical dis-
ruption of the cells. Serum was obtained from Life
Technologies (Gaithersburg, Maryland, USA) and Z-VAl-
Ala-Asp-fluoromethylketone (zVAD-FMK) from Research
Biochemicals International (Natick, Massachusetts, USA).
All other chemicals were obtained from Sigma (St. Louis,
Missouri, USA). 

Cortical cultures

Mixed cerebral cortical cell cultures containing both
neuronal and glial cells were prepared from foetal (15–16
day gestation) mice as previously described (Asrari and
Lobner, 2001). Dissociated cortical cells were plated on
24-well plates coated with poly-D-lysine and laminin in
Eagles’ Minimal Essential Medium (MEM, Earle’s salts,

supplied glutamine-free) supplemented with 5 per cent
heat-inactivated horse serum, 5 per cent foetal bovine
serum, 2 mM glutamine and glucose (total 21 mM).
Cultures were maintained in humidified 5 per cent CO2

incubators at 37°C. The mice were handled in accordance
with a protocol approved by the institutional animal
care committee. 

Lactate dehydrogenase (LDH) release assay

Cell death was quantitatively assessed by the measure-
ment of LDH, released from damaged or destroyed
cells, in the extracellular fluid 24 hours after the insult
was started. Blank LDH levels were subtracted from
insult LDH values, and the results normalized to 100 per
cent neuronal death caused by addition of the glutamate
receptor agonist, 500 µM N-methyl-D-aspartate (NMDA).
Control experiments have previously shown that the
efflux of LDH occurring from either necrotic or apoptotic
cells is proportional to the number of neurons damaged
or destroyed (Koh and Choi, 1987; Gwag et al., 1995). 

Propidium iodide staining 

The cultures were exposed to the non-vital dye propidium
iodide (10 µM) for 30 minutes, following 24 hours of
exposure to the archwires. Digital images were taken
with a Diagnostic Instruments spot camera at a magnifi-
cation of ×400 and presented as black and white images.

Statistical analysis

Statistical calculations were performed using one-way
ANOVA followed by Dunnett’s post hoc test. P < 0.05
was considered to indicate significant differences. 

Results

The in vitro neurotoxicity of orthodontic metallic
archwires was determined using cortical cell cultures.
The alloys tested included NiTi, copper-nickel-titanium,
titanium-molybdenum, Elgiloy, and stainless steel.
After a 24 hour exposure, only Elgiloy and stainless
steel caused significant neurotoxicity (Figure 1). The
cultures used for these experiments contained both
neuronal and glial cells. However, Elgiloy and stainless
steel appeared to cause the death of only neurons, as
similar exposure of the alloys to pure glial cultures did
not cause any toxicity (data not shown). 

Experiments were conducted to characterize the
effects of washing the toxic alloy samples and to
determine the mechanism of their toxicity. Washing the
Elgiloy and stainless steel samples with Eagles’ MEM
for 7 days did not significantly affect the toxicity com-
pared with unwashed samples (Figure 2). The effects 
of a free radical scavenger, trolox, an NMDA-type
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Table 1 Composition of the tested orthodontic archwires*.

Category of material Composition (%)

NiTi 54 nickel
46 titanium

CuNiTi 49.10 nickel
45.64 titanium
5.00 copper
0.20 chromium
0.06 carbon

TMA ~ 80–85 titanium
10–13 molybdenum
3.75–5.25 tin
0.10 carbon

Elgiloy® 39 cobalt
21 chromium
16 iron
14 nickel
8 molybdenum

Stainless steel (Unitek) 72 iron
18 chromium
8 nickel
1 manganese

*According to the most current company material safety data
sheets.
NiTi, nickel-titanium; CuNiTi, copper-nickel-titanium; TMA,
titanium-molybdenum alloy.
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glutamate receptor antagonist, MK-801, and a caspase
inhibitor, zVAD-FMK, were also tested on the toxicity
induced by Elgiloy and stainless steel (Figure 2). Trolox
significantly attenuated the neurotoxicity induced by
Elgiloy and stainless steel. MK-801 did not attenuate,
and in fact potentiated, the toxicity of both Elgiloy and
stainless steel. zVAD-FMK was protective against
stainless steel toxicity, but not Elgiloy toxicity. This last
result suggests that stainless steel induced apoptosis,
while Elgiloy induced necrosis. 

The type of death induced was further investigated
using propidium iodide staining. In control cultures there
was very little propidium iodide staining (Figure 3a),
indicating that most cells were alive. Exposure to the
protein kinase inhibitor, staurosporine, which is known
to induce apoptosis in this culture system (Koh et al.,
1995), caused nuclear chromatin condensation and
fragmentation into discrete spherical or irregular shapes
characteristic of apoptosis (Figure 3b). Exposure to
NMDA, which is known to induce necrosis in this
culture system (Gwag et al., 1997), caused diffuse
nuclear staining indicating generalized, random, DNA
breakdown, characteristic of necrosis (Figure 3c).
Exposure to Elgiloy (Figure 3d) caused nuclear staining
similar to NMDA, while stainless steel (Figure 3e)
resulted in staining similar to that caused by stauro-
sporine. The propidium iodide staining induced by
stainless steel was largely eliminated by the addition of
zVAD-FMK (Figure 3f).

Discussion

Previous studies of the in vitro toxicity of archwires have
been carried out using fibroblasts (Ryhänen et al., 1997;

Wever et al., 1997; Rose et al., 1998; Es-Souni et al.,
2003), osteoblasts (Ryhänen et al., 1997; Wever et al.,
1997), and smooth muscle cells (Shih et al., 2000, 2001).
The culture system used in the current investigation was
a primary neuronal culture. The main difference between
this system and those previously used is that neurons are
highly susceptible to many insults (Mattson et al., 1995).
However, the results are generally consistent with
previous studies in that Elgiloy and stainless steel were
toxic (Rose et al., 1998). Research regarding the toxicity
of NiTi archwires has been variable, with indications
that it is both toxic (Shih et al., 2000, 2001) and non-toxic
(Ryhänen et al., 1997; Wever et al., 1997). The present
results indicated no toxicity of NiTi archwires.

The lack of protective effect provided by the NMDA-
type glutamate receptor antagonist MK-801 indicates that
the release of glutamate was not a factor in the toxicity
of the archwires. The potentiation of the injury by 
MK-801 was somewhat surprising. The addition of 
MK-801 attenuates a number of different insults in this
culture system (Monyer et al., 1989; Koh and Choi,
1994), although a blockade of glutamate receptors for

CYTOTOXICITY OF ORTHODONTIC ARCHWIRES 423

Figure 1 Toxicity of archwires in cortical cell cultures. The bars
show percentage cell death (mean ± standard error of the mean, 
n = 8–16). Cell death was quantified by measuring the release of
lactate dehydrogenase (LDH) 24 hours after the beginning of the
insult. Sham wash values were subtracted, and the results were
scaled to the level measured in sister cultures exposed to 500 µM 
N-methyl-D-aspartate (NMDA) for 24 hours (= 100, this exposure
induced near-complete neuronal death). *Significant toxicity. NiTi,
nickel-titanium; CuNiTi, copper-nickel-titanium; TMA, titanium-
molybdenum alloy; El, Elgiloy; SS, stainless steel.

Figure 2 The effects of washing and potential protective agents on
Elgiloy (A) and stainless steel (B) toxicity. The bars show percentage
cell death (mean ± standard error of the mean, n = 8–16). *Significant
difference from control toxicity (alloy without any drug). Wash,
alloys washed in culture media for 7 days; Trol, 100 µM trolox (free
radical scavenger); MK, 10 µM MK-801 [N-methyl-D-aspartate
(NMDA) receptor antagonist]; ZVAD, 100 µM Z-VAl-Ala-Asp-
fluoromethylketone (zVAD-FMK; caspase inhibitor).
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an extended period of time can cause toxicity (Hwang
et al., 1999).

It was not definitively determined what metal was
responsible for the toxicity of Elgiloy and stainless steel.
However, given the composition of the toxic and non-
toxic archwires (Table 1), it appears likely that the toxic
component was nickel, iron, or chromium. Nickel is also
present at much higher levels in NiTi and copper-nickel-
titanium archwires, which were not toxic. However,
these archwires also contain titanium which is known to
decrease the release of metals due to passive film
formation (Gil et al., 1999). The fact that the toxicity was
blocked by the free radical scavenger trolox also argues
for nickel, iron, or chromium being the toxic component.
Nickel, iron, and chromium can each enhance free radical
production through a Fenton-like reaction (Torreilles
et al., 1990; Halliwell and Gutteridge, 1992; Sugden et al.,
1992) and each is known to be neurotoxic (Diaz-Mayans
et al., 1986; Evan et al., 1995; Lobner et al., 2003).

The type of cell death, apoptosis or necrosis, caused
by Elgiloy and stainless steel was determined. Apoptosis,
or programmed cell death, involves a fundamental
series of morphological changes (Kerr et al., 1972).
Apoptosis plays an important role in the physiological
turnover of normal cells and the maintenance of 
tissue homeostasis. Moreover, it can be observed in cells
following exposure to specific toxins (Granchi et al.,
2000). The other mechanism by which eukaryotic cells die
is necrosis. This degenerative process occurs in response
to severe hypoxia, lytic viral infections, complement
attack, hyperthermia, and exposure to toxic chemicals
(Kerr et al., 1972; Granchi et al., 2000). Many apoptotic
pathways depend on the activation of caspases or
cysteine proteases that act to cleave cytosolic and
nuclear proteins, ultimately leading to apoptosis (Kidd,
1998). The caspase inhibitor, zVAD-FMK, acts to block
the activation of these enzymes and is known to 
block apoptosis in this culture system (Lobner, 2000).
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Figure 3 Propidium iodide staining following sham wash (A), 200 µM staurosporine (B), 
10 µM N-methyl-D-aspartate (NMDA) (C), Elgiloy (D), stainless steel (E), or stainless steel
plus 100 µM Z-VAl-Ala-Asp-fluoromethylketone (zVAD-FMK) (F). Propidium iodide 
(10 µM) was added for 30 minutes, 24 hours after the beginning of the insult. Bar = 50 µm.
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Consequently, the decreased level of cell death observed
for stainless steel-exposed cortical cultures in the presence
of zVAD-FMK suggests death by apoptosis. Propidium
iodide staining of the archwire-exposed cultures was used
to identify morphological differences between apoptotic
and necrotic cells (Lobner et al., 2003). Cortical cultures
exposed to Elgiloy exhibited diffuse nuclear staining
typical of necrosis, while cultures exposed to stainless
steel demonstrated chromatin condensation and frag-
mentation into irregular shapes, features characteristic of
apoptosis. Taken together, the pharmacological results
using zVAD-FMK and the morphological results obtained
with propidium iodide staining, it is clear that Elgiloy
induces necrosis and stainless steel induces apoptosis. 

Iron causes necrosis in cortical cell cultures (Lobner
et al., 2003). There are no data concerning the type of
cell death caused by nickel or chromium in cortical cell
cultures. However, nickel and chromium are known to
induce apoptosis in other cell types (Chen et al., 2001;
Kim et al., 2002). Because stainless steel induced
apoptosis and Elgiloy induced necrosis, the results are
most consistent with iron being responsible for Elgiloy
toxicity, with nickel or chromium being responsible for
stainless steel toxicity. However, measurement of the
release of the metals will be required to definitely
determine the metal responsible for the toxicity of the
archwires. It should also be noted that no attempt was
made to mimic clinical conditions which would involve
the presence of factors such as ageing of the archwires
and pH fluctuations of the bathing media. 

It appears unlikely that the release of any metal 
from orthodontic archwires presents a health risk.
Nickel, iron, and chromium are ubiquitous in the diet
and ingestion of high levels is required to cause health
problems (Anderson, 1997; Schumann, 2001). The fact
that these alloys release metals at sufficiently high levels
to cause neurotoxicity is not of great concern regarding
archwires, but may be a consideration in situations
where these alloys are used in restricted spaces where
the released metals could accumulate.

Address for correspondence 

Doug Lobner
Department of Biomedical Sciences
Marquette University
561 N. 15th Street, Rm 426
Milwaukee
WI 53201
USA

Acknowledgements

This investigation was supported by NIH/NIA grant
AG16708. The authors are grateful to Julie Hjelmhaug
for her technical assistance.

References

Anderson R A 1997 Chromium as an essential nutrient for humans.
Regulatory Toxicology and Pharmacology 26: S35–41

Asrari M, Lobner D 2001 Calcitonin potentiates oxygen-glucose
deprivation-induced neuronal death. Experimental Neurology
167: 183–188

Bass J K, Fine H, Cisneros G J 1993 Nickel hypersensitivity in 
the orthodontic patient. American Journal of Orthodontics and
Dentofacial Orthopedics 103: 280–285

Bishara S E, Barret R D, Selim M I 1993 Biodegradation of
orthodontic appliances. Part II. Changes in the blood level of nickel.
American Journal of Orthodontics and Dentofacial Orthopedics
103: 115–119

Chen F, Vallyathan V, Castranova V, Shi X 2001 Cell apoptosis
induced by carcinogenic metals. Molecular and Cellular
Biochemistry 222: 183–188

Diaz-Mayans J, Laborda R, Nunez A 1986 Hexavalent chromium
effects on motor activity and some metabolic aspects of Wistar
albino rats. Comparative Biochemistry and Physiology C 83:
191–195

Dunlap C L, Vincent S K, Barker B F 1989 Allergic reaction to
orthodontic wire: report of case. Journal of the American Dental
Association 118: 449–450

Es-Souni M, Fischer-Brandies H, Es-Souni M 2003 On the in 
vitro biocompatibility of Elgiloy, a Co-based alloy, compared 
to two titanium alloys. Journal of Orofacial Orthopedics 64:
16–26

Evans J E, Miller M L, Andringa A, Hastings L 1995 Behavioral,
histological, and neurochemical effects of nickel (II) on the rat
olfactory system. Toxicology and Applied Pharmacology 130:
209–220

Gil F J, Sanchez L A, Espias A, Planell J A 1999 In vitro corrosion
behavior and metallic ion release of different prostodontic alloys.
International Dental Journal 49: 361–367

Granchi D et al. 2000 Modulation of pro- and anti-apoptotic genes in
lymphocytes exposed to bone cements. Journal of Biomaterials
Science. Polymer Edition 11: 633–646

Gwag B J, Lobner D, Koh J Y, Wie M B, Choi D W 1995 Blockade
of glutamate receptors unmasks neuronal apoptosis after oxygen-
glucose deprivation in vitro. Neuroscience 68: 615–619

Gwag B J, Koh J Y, DeMaro J A, Ying H S, Jacquin M, Choi D W
1997 Slowly triggered excitotoxicity occurs by necrosis in cortical
cultures. Neuroscience 77: 393–401

Halliwell B, Gutteridge J M 1992 Biologically relevant metal ion-
dependent hydroxyl radical generation. An update. FEBS Letters
307: 108–112

Hwang J Y, Kim Y H, Ahn Y H, Wie M B, Koh J Y 1999 N-methy-
D-aspartate receptor blockade induces neuronal apoptosis in
cortical culture. Experimental Neurology 159: 124–130

Jia W et al. 1999 Nickel release from orthodontic arch wires 
and cellular immune response to various nickel concentrations.
Journal of Biomedical Materials Research 48: 488–495

Kapila S, Sachdeva R 1989 Mechanical properties and clinical
applications of orthodontic wires. American Journal of Orthodontics
and Dentofacial Orthopedics 96: 100–109

Kerr J F R, Wyllie A H, Currie A R 1972 Apoptosis: a basic
biological phenomenon with wide-ranging implications in tissue
kinetics. British Journal of Cancer 20: 273–282

Kidd V J 1998 Proteolytic activities that mediate apoptosis. Annual
Review of Physiology 60: 533–573

Kim K, Lee S H, Seo Y R, Perkins S N, Kasprzak K S 2002 Nickel
(II)-induced apoptosis in murine T cell hybridoma cells is
associated with increased fas ligand expression. Toxicology and
Applied Pharmacology 185: 41–47

CYTOTOXICITY OF ORTHODONTIC ARCHWIRES 425

11_cjh031  15/7/04 1:57 PM  Page 425



Koh J Y, Choi D W 1987 Quantitative determination of glutamate
mediated cortical neuronal injury in cell culture by lactate
dehydrogenase efflux assay. Journal of Neuroscience Methods 20:
83–90

Koh J Y, Choi D W 1994 Zinc toxicity on cultured cortical neurons:
involvement of N-methyl-D-aspartate receptors. Neuroscience 60:
1049–1057

Koh J Y et al. 1995 Staurosporine-induced neuronal apoptosis.
Experimental Neurology 135: 153–159

Lobner D 2000 Comparison of the LDH and MTT assays for
quantifying cell death: validity for neuronal apoptosis? Journal of
Neuroscience Methods 96: 147–152 

Lobner D, Golner S, Hjelmhaug J 2003 Neurotrophic factor effects
on oxidative stress-induced neuronal death. Neurochemical
Research 28: 755–762

Mattson M P, Barger S W, Begley J G, Mark R J 1995 Calcium, free
radicals, and excitotoxic neuronal death in primary cell culture.
Methods in Cell Biology 46: 187–216

Monyer H, Goldberg M P, Choi D W 1989 Glucose deprivation
neuronal injury in cortical culture. Brain Research 483: 347–354

Rose E C, Jonas I E, Kappert H F 1998 In vitro investigation into the
biological assessment of orthodontic wires. Journal of Orofacial
Orthopedics 59: 253–264

Ryhänen J et al. 1997 Biocompatibility of nickel-titanium shape
memory metal and its corrosion behavior in human cell cultures.
Journal of Biomedical Materials Research 41: 481–488

Schumann K 2001 Safety aspects of iron in food. Annals of Nutrition
and Metabolism 45: 91–101

Shih C-C et al. 2000 The cytotoxicity of corrosion products of nitinol
stent wire on cultured smooth muscle cells. Journal of Biomedical
Materials Research 52: 395–403

Shih C-C et al. 2001 Growth inhibition of cultured smooth muscle
cells by corrosion products of 316L stainless steel wire. Journal of
Biomedical Materials Research 57: 200–207

Staerkjaer L, Menné T 1990 Nickel allergy and orthodontic
treatment. European Journal of Orthodontics 12: 284–289

Sugden K D, Geer R D, Rogers S J 1992 Oxygen radical-mediated
DNA damage by redox-active Cr(III) complexes. Biochemistry
31: 11626–11631

Torreilles J, Guerin M C, Slaoui-Hasnaoui A 1990 Nickel (II)
complexes of histidyl-peptides as Fenton-reaction catalysts. Free
Radical Research Communications 11: 159–166

Wever D J, Veldhuizen A G, Sanders M M, Schakenraad J M, van
Horn J R 1997 Cytotoxic, allergic and genotoxic activity of a
nickel-titanium alloy. Biomaterials 18: 1115–1120

426 A. DAVID AND D.  LOBNER

11_cjh031  15/7/04 1:57 PM  Page 426



Copyright of European Journal of Orthodontics is the property of Oxford University Press / USA and its content

may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express

written permission. However, users may print, download, or email articles for individual use.


