
The six geometries revisited

Forces and moments delivered by a straight wire connecting two orthodontic 
brackets are statically indeterminate and cannot be estimated using the classical 
equations of static equilibrium. To identify the mechanics of such two-bracket 
systems, Burstone and Koenig used the principles of linear beam theory to 
estimate the resulting force systems. In the original publication, however, it 
remains unclear how the force systems were calculated because no reference or 
computational details on the underlying principles have been provided. Using 
the moment carry-over principle and the relative angulation of the brackets, 
a formula was derived to calculate the relative moments of the two brackets. 
Because of the moment equilibrium, the vertical forces that exist as a force-
couple on the two brackets can also be calculated. The accuracy of the proposed 
approach can be validated using previously published empirical data.
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INTRODUCTION

A straight wire connecting two orthodontic brackets 
produces a statically indeterminate force system. There-
fore, the nature and magnitude of the forces and mo-
ments delivered at each bracket are unknown and can-
not be calculated using the classical equations of static 
equilibrium.1

To identify the working mechanics of such two-
bracket systems, the principles of linear beam theory 
were used to calculate the resulting force systems us-
ing a computer algorithm.2 The absolute magnitude of 
the force systems generated on each bracket depended 
on the properties of the wire, distance between the 
brackets, and bracket angulations. However, the bracket 
angulations alone determined the relative magnitude of 
the force systems between the two brackets. Six differ-
ent bracket angulations were identified and the relative 
forces and moments on each of the two brackets had 
been summarized as the six geometries.2 By assessing 
the ratio between the bracket angles in a given clinical 
situation, it is possible to match the configuration of 
the brackets with one of the six identified geometries, 
and thereby predict the ratios of the delivered moments 
and forces between the two brackets. The original pub-
lication on the six geometries by Burstone and Koenig2 
has neither provided the computational details of the 
relative forces and moments nor provided a reference 
for the underlying principles. A formula to calculate the 
six geometries as a continuum was recently described in 
a book chapter by Burstone and Choy;3 however, there 
were no details on the theoretical framework used for 
computation. 

An elastic wire connecting two brackets is an example 
of a statically indeterminate beam, whose relative force 
systems can be analyzed with different computational 
methods. One such method is the mechanism of mo-
ment distribution,4 which involves consideration of the 
carried-over moments.

This letter aims to revisit the landmark article from 
Burstone and Koenig2 taking the carried-over moments 
into consideration. Using this theoretical framework, a 
simple formula can be derived and validated using the 
data provided in the original publication. This formula 
can be used to calculate the relative force systems for 
any given bracket angulation.

MOMENTS

In a two-bracket system, the moments at each bracket 
are proportional to the bracket angulation (Figure 1A). 

MOMENT CARRY-OVER

Moment carry-over is a phenomenon exhibited by an 
elastic beam (or wire) that occurs when multiple mo-
ments coexist. The neighboring moments influence each 
other; in classical mechanics, this fact has been used to 
calculate statically indeterminate systems. A proportion 
of each moment gets carried over to the neighboring 
moment depending on the flexural stiffness of an elastic 
beam and the number of moments existing in the vicin-
ity.

In a two-bracket system, the moment of each bracket 
gets carried over to the adjacent bracket in the same di-
rection and with half the magnitude (Figure 1B and 1C).

Thus, the moment delivered to a bracket depends on 
the bracket’s angulation and half the angulation of the 
neighboring bracket: (1), (2)

MAαqA + 
1
qB (1)

2

MBαqB + 
1
qA (2)

2
Therefore, the following formula was derived for cal-

culating the relative moments of the two brackets:  (3)

A

B

C

Figure 1. A, Moments delivered in a two-bracket system 
are proportional to the angulation of each bracket. B, The 
carry-over effect of bracket A affecting bracket B in the 
same direction and with half the magnitude. C, The carry-
over effect of bracket B affecting bracket A. 
M, Moment; qA, angulation of bracket A; qB, angulation of 
bracket B.
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MA =
qA + 

1
qB

(3)
2

MB qB + 
1
qA2

Using the formula above, the moments of the two-
bracket systems can be calculated with the known angu-
lation of the two brackets (qA and qB), and the formula 
is comparable to that described by Burstone and Choy.3 
Figure 2 shows examples of the six geometries and the 
method by which the formula can be used to calculate 
the relative moments on the brackets in each case. 

VERTICAL FORCES (MOMENT-EQUILIBRIUM)

As discussed in the original article, the moments of 
the six geometries are at equilibrium with equal magni-
tudes of the clockwise and counter-clockwise moments 
(Figure 3A and 3B).

Only the moments of the two brackets in Geometry VI 
exist in an equilibrium: (4)

MA + MB = 0 (4)

For Geometries I–V, an external moment is required 
for the system to be in equilibrium: (5)

MA + MB + MF = 0 (5)

This moment, MF, results from the vertical forces on 
the two brackets, which exists as a force-couple (Figure 

3C). Figure 2 shows how the relationship above can be 
used to estimate the relative forces acting on the two 
brackets for each of the six geometries.
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Figure 2. Computational ap-
proach to estimate the mo-

ment ratios MA

MB
 for different 

two-bracket geometries as 
described by Burstone and 
Koenig.2 
A, Left bracket; B, right brac-
ket; qA, angulation of bracket 
A; qB, angulation of bracket B.
*Note that the estimated ra-
tios for the six geometries are 
identical to those reported in 
the original article.
†Force magnitudes are rela-
tive to the those produced 
in Geometry I when all other 
conditions are kept constant.
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Figure 3. A, Moments delivered to each bracket. B, Equi-
librium moment existing in the counter-clockwise direc-
tion to achieve moment equilibrium. C, Equilibrium mo-
ment existing as force couple to produce vertical forces 
on the brackets. 
MF, Equilibrium moment; FA, vertical force acting on 
bracket A; FB, vertical force on bracket B.
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FORCE SYSTEMS PRODUCED BY A STRAIGHT 
WIRE ON THREE OR MORE BRACKETS

For three or more brackets, the moment on each 
bracket is carried over to all the other neighboring 
brackets in the system. However, the magnitude and 
direction of these carried-over moments differ for each 
bracket, similar to the behavior of the carried-over mo-
ments in statically indeterminate systems derived with 
the moment distribution method.

The scope of this report is limited to two-bracket sys-
tems as three or more bracket systems involve additional 
complex theoretical and mathematical concepts.

CONCLUSION

Using carry-over moments, a simple formula can be 
derived for calculating the moment and force ratios 
produced by a straight wire in a two-bracket system for 
any bracket angulation, including the transitional stages 
between the various geometries. This formula can be 
used to facilitate the appraisal of the six geometries for 

educational and clinical purposes. 
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