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Arch bars that are attached to the teeth 
with ligatures are widely used in oral and 
maxillofacial surgery. These devices are 
inserted as temporary appliances after jaw 
fractures or osteotomies to prevent jaw 
movements and to gain stability between 
bony fragments during healing. Surgical arch 
bars (splints) are usually made with hooks 
(lugs) to facilitate intermaxillary fixation (1). 
Some are made in one piece, whereas in 
others the hooks are brazed to the bar. 
According to the manufacturers, the bulk 
material of the most commonly used surgical 
arch bars is stainless steel. These arch bars 
are usually exposed to oral fluids for a period 
of about 4-6 weeks, extending up to 12 weeks 
before removal (2). 

Stainless steel devices corrode in the pres- 
ence of an electrolyte, resulting in metal 
release from the material (3). Nickel, chro- 
mium, and constituents of the brazing 
material are released in significant amounts 
from brazed orthodontic wires. Corrosion 
and metal release from stainless steel devices 
can be detected within hours after exposure 
to an immersion solution (4). Metal release 
from orthodontic stainless steel appliances 

have been studied, under various conditions 
(5-7). The extent of metal release from stain- 
less steel devices varies with production vari- 
ables during manufacturing and during the 
clinical handling of the devices before appli- 
cation in the mouth (7-9). 

There are several reports on adverse reac- 
tions to stainless steel appliances (10-15). 
Nickel is the commonest source of metal 
hypersensitivity reactions in man (16-18). 
Chromium is also known as a sensitizer 

The aim of this in vitro investigation was to 
study the corrosion behavior of two different 
types of stainless steel arch bars used in 
maxillofacial surgery. 

(19-21). 

Materials and methods 
Arch bars were ligated to acrylic jaw models 
and immersed in an electrolyte, and the 
release of metals to the electrolyte was 
measured with atomic absorption spectro- 
photometry. The two types of arch bars 
tested were 1) a stainless steel surgical arch 
bar with hooks, made in one piece (solid bar) 
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Fig. 2. Bars ligated to acrylic models 

Fig. 1A. Solid arch bar (Erich type). 1B. Brazed arch 
bar (Dautrey type). 

(Erich arch bar, Oswald Leibinger GmbH), 
and 2) a stainless steel product in which the 
hooks are brazed to the bar (brazed bar) 
(Dautrey arch bar, Oswald Leibinger 
GmbH) (Fig. 1). Both arch bars were 
received in precut lengths. The ligatures 
were made of stainless steel (Oswald Lei- 
binger GmbH, Delco Wire Winding Co.) 
with a diameter of 0.4mm, cut from the 
spool in lengths about 15 cm. Batch numbers 
and composition were not available from 
the manufacturers. Energy-dispersive X-ray 
microanalysis (Jeol JSM 6400 Scanning 
Microscope, Tracor Northern, Series I1 X- 
ray Analyzer, SQ Standardless Quantitative 
Analysis Program) was used for elemental 
examination of the arch bars and wires. 

Pairs of acrylic jaw models simulating the 
upper and lower jaw were produced. Before 
use the models were cleaned in 37% HCl 
(Merck, Suprapur). The arch bars and liga- 
tures were degreased in acetone before 
application to the jaw models. Specimens 
consisting of two similar arch bars either of 
the solid type or of the brazed type were 
ligated to an upper and a lower jaw model. 
Ligatures were twisted around teeth from 
the first molar on one side to the first molar 
on the other side in both jaws, using stainless 
steel pliers and a simulated clinical pro- 
cedure. Additional ligatures establishing an 
intermaxillary fixation were placed in the 

premolar regions and in the midline (Fig. 
2). Ten specimens with solid bars and six 
specimens with brazed bars were made. Two 
pairs of models without metallic devices were 
used as controls. The prepared Specimens 
were placed in separate plastic beakers con- 
taining 150 ml saline solution (0.9% NaCl in 
deionized water, pH 5.6-6.0). To distinguish 
between corrosion products released from 
the arch bars and from ligatures, 24 twisted 
ligatures (Oswald Leibinger GmbH) im- 
mersed in 50ml saline solution were 
included. The total length of ligatures cor- 
responded to the amount used for ligation of 
a test specimen. The sealed beakers were 
subjected to continuous agitation at 100 rpm 
at 37°C. The immersion solutions were 
changed after 3 and 10 days. After 28 days 
the specimens were removed from the 
beakers and visually inspected. 

The saline solutions were analyzed by 
electrothermal or flame atomic absorption 
spectrophotometry (Model 372 A.A. 
Spectrophotometer, Perkin Elmer Corp.). 
Flame atomization was used for concen- 
trations above 5 pg/ml. Before analysis the 
solutions were acidified with 0.3-12 ml HCl 
30% (Merck, Suprapur). The elements ana- 
lyzed were Fe, Ni, Cr, Cu, Zn, and Cd. 
The amounts of metals (in micrograms) were 
calculated, and the results for each time 
interval accumulated. The results are pre- 
sented as medians and quartiles. The 
Mann-Whitney procedure was used to test 
for statistical significance. P values < 0.01 
were considered significant. 



ACTA ODONTOL SCAND 50 (1992) Metal release from surgical arch bars 85 

Table 1. Elements analyzed in the products investigated (weight %). Results are mean of 
two analyses 

Fe Ni Cr Mo Ag Zn Cu Cd 

Solid arch bar 65 8.5 18 0.1 
Brazed arch bar 64 8.0 18 0.7 

Brazed arch bar 29 24 40 6.2 
(bar and hook) 

(silver brazing 
material) 

Ligature 63 10 16 2.3 

Results 
Energy-dispersive X-ray microanalyses 
showed that the main elements of the bulk 
material of both arch bars were iron, chro- 
mium, and nickel. The brazing material 
consisted of silver, copper, and zinc. Cad- 
mium was also found in the brazing material 
(Table 1). 

Fig. 3. Cross section of the brazed bar (insert). Mag- 
nification of the brazed junction between hook (H) 
and bar (B), showing corrosion defect. Silver brazing 
material (S). Scanning electron micrograph. 

No visible corrosion was observed with 
the solid arch bars at any time during the 
experiment. Scanning electron microscopy 
did not show corrosion defects. In the 
beakers containing the brazed arch bars, yel- 
low sediments were noticed in the solution 
on day 3 of immersion. Gross deposits were 
seen after 10 and 28 days. All brazed arch 
bars showed accumulation of corrosion prod- 
ucts adjacent to the junctions between the 
hooks and the bar, and the hooks separated 
easily from the bar after 28 days of immer- 
sion. Scanning electron microscopy showed 
major corrosion defects and deposits, par- 
ticularly in the junctional areas (Fig. 3). No 
visible deposits were seen in the solutions 
with ligatures only. 

The chemical analyses of the electrolyte 
after 3,10, and 28 days showed that the main 
elements iron, nickel, and chromium were 
released from both the solid stainless steel 
arch bars and the brazed arch bars. Iron was 
the element of the bulk material found in 
highest concentrations in the solutions from 
both arch bars. For pairs of the brazed bars 
the amount of iron after 3 days was 275 pg 
(median), whereas the accumulated amount 
after 28 days was 2513 pg (Fig. 4). The cor- 
responding values for nickel were 89 pg and 
407 pg (Fig. 5 ) ,  and for chromium 68 and 
526 pg (Fig. 6). The accumulated amount of 
metal released from pairs of solid bars was 
140-600 times lower depending on the 
element (Fig. 4-6). The differences between 
the bars were always statistically significant. 
After 28 days elements contained in the sil- 
ver brazing material (Cu, Zn, Cd) of the 
brazed bars reached 42 to 1877 pg (median), 
depending on the element (Fig. 7). Accumu- 



86 

mlorogram 

10000 

S. Torgersen & N .  R. Gjerdet 

1 

ACTA ODONTOL SCAND 50 (1992) 

1000 

100 

10 

Fig. 4. Accumulated 
amount of iron 
released from solid and 

1 

0.1 brazed surgical arch 
Days bars. Median values, 

solid bar brazed bar 
with upper and lower 
quartiles imposed. 

lated metal release from the ligatures was 
less than 0.5 pg for each of the elements Fe, 
Ni, and Cr. No metal release was detected 
in the solutions containing acrylic models 
only. 

Discussion 
The bulk material of both the solid (Erich 
type) and the brazed (Dautrey type) surgical 
arch bar is stainless steel. This study showed 
great differences between the two types of 

arch bars with regard to metal release under 
the same conditions. Stainless steel devices 
will release metal ions to an electrolyte when 
the passivating layer of chromium oxide 
covering the surface of the stainless steel 
is degraded (22). The use of 0.9% saline 
solution as immersion solution instead of 
saliva may alter the corrosion behavior of 
stainless steel devices. There is a constant 
controversy about the type of electrolyte to 
use for in vitro corrosion tests. For example, 
the presence of serum seems to increase pit- 
ting corrosion, whereas fretting corrosion is 
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Fig. 5 .  Accumulated 
amount of nickel. See 
also legend to Fig. 4. 
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reduced (23-25). The saline solution was 
chosen because it is stable and easily repro- 
duced and is extensively used in comparable 
studies. 

Surface imperfections of wires may serve 
as sites for localized corrosion attack (9). It 
has been shown with coldworked stainless 
steel in saline solution that deformation 
caused an increasing area covered by pits 
and corrosion. The growth rate of the pits 
also accelerated even with minor defor- 
mation (8). Thus the corrosion observed in 
both types of arch bars may be influenced by 
effects of manipulation. 

Heat treatment of stainless steel devices 
may also contribute to reduction in corrosion 

resistance. Exposure of stainless steel ma- 
terial to temperatures above 400°C has been 
shown to cause chromium depletion in the 
surface microstructure, thereby reducing 
the passivating potential of the material (7). 
The severe corrosion of the brazed bar may 
be a result of heat application during the 
manufacturing process. 

Increased corrosion has been observed in 
brazed or welded stainless steel appliances 
(4,26,27). Galvanic cells created between 
the brazing material and the bulk material 
in the presence of an electrolyte (4,28) may 
partly explain why the brazed arch bar 
showed markedly reduced corrosion resist- 
ance compared with the solid bar. 

microgram 

Fig. 7. Accumulated 
amounts of cadmium, 
copper, and zinc. See 
also legend to Fig. 4. 
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Both nickel and chromium are powerful 
haptens in hypersensitivity reactions 
(15,20). Nickel allergy in the general popu- 
lation is reported to be 10-15% in females 
and about 2-8% in males (17,29-31); one 
report (16) indicates a frequency of about 
30%. Clinical signs of hypersensitivity reac- 
tions caused by nickel-containing devices 
will often appear within days after insertion 
of the stainless steel material (10-15,21, 
32,33). The eliciting threshold for nickel 
contact dermatitis in sensitive subjects is as- 
sumed to be 0.6pg/ml nickel (34). In our 
study the release of nickel from the solid 
arch bar was below this threshold value, 
whereas the amounts of nickel released from 
the brazed arch bar were above this value. 

The prevalence of chromium hypersen- 
sitivity in the general population is about 
1-8% (17,18,31), and there are clinical re- 
ports on chromium hypersensitivity (35-37). 
Fifty micrograms of potassium dichromate 
may provoke an adverse reaction (18). From 
the results of our study the amount of chro- 
mium released from the brazed bar after 
28 days is 10 times this value. However, the 
effect of the duration of antigen exposure 
remains unclarified. On the other hand, 
some experimental data (38,39) suggest the 
possibility of inducing immunologic tol- 
erance to nickel and chromium by oral 
exposure of the metals in non-sensitized in- 
dividuals. 

Daily intake of nickel is estimated to be 
<350 p.g/person/day (40,41). Depending 
on the diet it may reach 900 pg/person/day 
(42). Chromium exposure is in the range 
of 150-300 pg/person/day through dietary 
intake (41). Toxicologically, the amounts of 
nickel and chromium released from the two 
arch bars are within the range of normal 
dietary exposure. The accumulated amounts 
of Cu and Zn released from the brazing 
material during the experimental period is 
within the daily normal dietary intake for 
both elements (41). On the other hand, clini- 
cal reactions based on the local and systemic 
toxicity potential of copper are described 
(43,44). Cadmium release from some dental 
silver brazing alloys is well known (4,27). 
Our study also confirms that cadmium is 
easily leached out of the brazed joints. 
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Owing to toxicologically unwanted reactions 
(45) this element should be avoided in clini- 
cal appliances. 

This study showed a great difference in 
corrosion resistance and metal release 
between two different types of surgical arch 
bars. Metal release from intraoral fixation 
devices may elicit adverse reactions in sen- 
sitive subjects. Our results suggest that even 
devices for temporary use should be evalu- 
ated for possible biologic effects before clini- 
cal application. 
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