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Applied materials engineering 
for orthodontic wires 
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Abstrad: In Australia, the bistory of materials engineering for orthodontic wires is generaUy related to the development 
of the Begg appliance. Therefore, until recently, it has helped in the search for light resilient forces produced by fine high­
tensile stainless steel wires. Recently there has been added the desire to include wires of a low modulus of elasticity which 
also produce light forces but in larger diameter rectangular wires. There have been three periods of development, namely, 
up to and including the Second World War, up to Dr Begg's passing, and subsequently. 

A generał metallurgical background for archwire selection and use is given including the foHowing considerations: 
stiffness, flexibility, zero stress relaxation, formability, resiliency, high yield phenomena, and wire fracture and crack 
propagation; and how some of these may be evaluated by the fingers . 
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INT.R0DUCTI0N 
It is perhaps timely, now that both Dr Begg and my father 
Oaude Arthur J. Wilcock have passed on, that an 
historical account be given of their early association in the 
development of the Begg appliance and its dependence on 
high tensile stainless steel light wires. 

Few people today would appreciate how scarce, 
expensive and little understood stainless steel was during 
the early pioneering years of the Begg technique. Indeed, 
stainless steel was something of a novelty having only 
become commercially available in the late '1920s'. Its 
scarcity became even more acute through World War U. 
This is emphasised by correspondence in our possession, 
wherein people were asked to return samples not used 
immediately. 

In recent years there has been a trend in 
orthodontics towards even lighter forces for which 
Titanium alloys have now replaced stainless steel in certo.in 
instances. However, it has been a major objective of the 
following article to illustrate in engineering terms, that by 
employing ultra high tensile wires, stainless steel still has a 
major role to play in orthodontic wires. 

lłlST0RICAL BACKGROUND 
In 1929 Claude Arthur J. Wilcock applied for the position 
as a cadet engineer at the metallurgy workshops, 
University of Melbourne, under the late Professor J.N. 
Greenwood. This position enabled bim to study part-time 
at the Production Engineering School, Melbourne 
Technical College (now the Royal Melbourne Institute of 
Technology) and at the same time gain a unique 
experience with the professor and undergraduates in the 
development of metallurgical test and research equipment 
during work hours. 

His outstanding mechanical and technical apti­
tude, first evident in his school reports as a student at the 
Junior Melbourne Technical School, did not go unnoticed 
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by l?rofessor Greenwood who eventually put bim in charge 
of the metallurgy workshop before the age of twenty five 
years. 

His association with the dental profession began 
in 1936-37 with the forming of the Bureau of Dental 
Standards (now the Australian Dental Standards 
Laboratory). This was compńsed of people from the 
Melbourne Dental Hospital, Professor Greenwood and 
others from the metallurgy school. This involved bim in 
the design and manufacture of much of the test, quality 
control and research equipment for the laboratory. 

With the entry of Japan into World War U, 
American supplies of orthodontic appliances and materials 
to Australia became doubtful and as a consequence, a 
group of eminent dentists and metallurgists formed a 
committee to consider manufacture in Australia. That 
committee also included my father. 

It was during this period that a special war time 
project known as the 'Tungsten Project' carried out the 
development of a pilot plant at the metallurgy school, 
Melbourne University, to produce fine tungsten filament 
wire. The special equipment for hot swaging, rolling and 
wire drawing, bad to be made in the workshops by my 
father, and so his special knowledge in wire drawing 
began. 

It should always be kept in mind however, that 
the orthodontic wires were only a spin-off from the 
metallurgical research equipment that was being developed 
at the time. Little was it realised what it would lead to -
with the first few samples supplied to Dr Begg. 

The first actual meeting with Dr Begg is unclear. 
Nothing was documented on this subject although 
correspondence certainly began early in 1946, so their 
acquaintance probably goes back to the war years at the 
University of Melbourne. 

Early in 1946, my father left the University to set 
up his own business and as far as I know produced most of 
Dr Begg's materials. This included flux, silver sol der, 
hands, brackets, lock pins, ligature wire, pliers and most 
importantly, the high tensile orthodontic wire. 
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There are several near-alpha alloys worth 
investigating. Currently we are developing a 6% 
aluminium 4% vanadium titanium orthodontic wire 
(ternary diagram - Figure 7). This material has been 
clinically tested in. ribbon arch form by Mollenhauer (1988) 
and found to have satisfactory creep properties as finishing 
and braking arches for the Begg appliance. One curious 
aspect he noted about titanium alloys with high aluminium 
content is that the wire will harden in an oral environment 
but, after further reading, this is now thought to be due to 
hydrogen absorption (Polmear 1981). The clinical 
observations that this alloy becomes stiffer and brittle as 

:? the material ages in the mouth needs further investigation 
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orthodontic wire that it is important to produce stainless 
steel 'wires with a wry high and sharp yield stress or point. 

AIIO~ Content F Theory suggests the following means are available 
for strengthening these wires: 

AUVM I?~AB/L/Z- ^s>Â¥-s~s - A -̂W STAB/L/~-/A/<S 1. work hardening 
2. disclocation locking 

ei^- / t /m7--s  &?E :- ALL/A^~/A//~^/, a&/<^.^ GÂ£"/?MAA-% 3. solid solution strengthening 

<4^/304 OX^G^A/ A>W ~//r/?ty~&^/ 4. grain refinement and orientation. 
Most grades of stainless steel are suitable for strengthening 

Figure 6. Alpha titanium phase diagram by work hardening. By careful selection and work 
hardening, it is possible to produce yield points well in 
excess of 200 tons per square inch and still provide wires 



Plastic deformation in the absence of dislocation 
locking will not achieve as high a yield point. Furthermore, 
if the material is subjected to reverse straining it will 

- Â¥SUCA'EÂ Â OSA^JC possess an even lower yield point in the reverse direction. 
This phenomena is referred t as the Bauschinger 

Efect after it was discovered by Dr auschinger in 1886 
AREA - t/,V/'?'-^ cmn f (Rugharabi 1987). 
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deformation in the same direction as the prestrain. 
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magnitude of prestrain is increased, the elastic limit in the 

High and sharp yield points are related to the freeing o^ 
dislocations in a metal crystal and the effective shear stress 
to mo~je these dislocations (Honeyco;nbe 1984). That is, 
the flow stress is both cependent on : 
1. temperature, aad 
2. the dsisity of dislocations in the material. 
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Figure 9. Edge dislocation with point defect 



Greater resiliency since : 

This is assuming the number of coils is small ana 
coil diameter (D) in relation to the wire diameter (d) is as 
large as physically racticable. In general, D - d 2 4 
(Shigley 19861, that , the coil diameter should usually be 
foci- or more times the diameter of the wire. 

This has the effect of minimising the reduction in 
the maximum allowable wire working stress probably at 
the point of maximum deformation in the spring which is 
subject to reverse straining, that is, the 'te 
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