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by James J. Hilgers, D.D.S., M.S.
Mission Viejo, California

Introduction
Bios™ is a light-wire, higher-torque 
version of the Orthos™ appliance system.
It is designed for the orthodontist who
doesn’t fill the slot and depends on func-
tional adaptation more and dominance
mechanics less. Just as tooth morphology
and size help determine bracket place-
ment and occlusion, wire technology 
and trends in biomechanics help forge
the need for different torque values. 
Put simply, the Bios System allows for 
earlier torque control with lighter wires.
Its strength lies in accommodating the
right size wire to achieve a specific
mechanical objective. This ensures
torque control throughout treatment, 
creating less dependence on full-size
edgewise wires. Wires are downsized
when torque control is inconsequential
and upsized when torque control is 
paramount.

The intent with Bios is that when more
torque is desired, it is built into the 
system; when less torque is needed,
wires are downsized to use bracket-slot
play. Years of work tying specific torque
values to biomechanical principles and
physiological response allow the clinician
who opts for lighter wires to get the best
of both worlds: Orthos technology
refined in the Bios light force system.

The Theory Behind Bios
Bios is an acronym for “Biologic Orthos
System.” This name implies the focus 
of this sister bracket system to Orthos. It
is intended to take all the breakthrough
technology of the Orthos System and
apply it to lighter-wire, more-biologic
mechanics. Bios is designed for the
orthodontist who believes in lighter
forces, the use of function throughout
treatment and the selection of wire 
size and configuration to deliver desired
torque-control values. Orthos was
designed by using a sophisticated 
computer technology to closely identify
features in tooth morphology and arch
form that allow a perfect occlusion to
occur. It implies, however, a complete 
fit of the archwire in the bracket slot to
create this idealization. It is my belief
that the need for torque control varies
widely and is dependent on patient facial
type, tooth position objectives and other
clinical and biologic factors. This means
that one set of torque values does not fit
all cases. It’s just an average. Since it is
not very practical (at least at this point)
to change the torques on each patient
dependent on specific need, the one 
variable that we do have is the archwires. 

By selecting the appropriate archwire to
accomplish a certain objective, we have 
a great deal of leeway over final position-
ing of the teeth. One fact underscores
this approach. Superelastic archwires
cannot be torqued. They are what they
are. If an accentuation of torque is 
needed, it needs to be in the bracket 
system. Of course, a stainless steel arch-
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TYPICAL ARCHWIRE PLAY VALUES
Slot size .018 x .025

Wire Size Radius Play
.016 x .016 .003” + /–17.1˚

.0175 x .0175 .003” + /– 5.2˚
.016 x .022 .003” + /– 9.5˚
.017 x .025 .003” + /– 4.6˚
.018 x .025 .003” + /– 1.5˚

Figure 1. The upper molar erupts down the
growth (facial) axis. Its normal eruption would
be downward and slightly forward, depending
on facial type. In brachyfacial (horizontal)
growth patterns, more forward growth
occurs. In dolicofacial (vertical) growth 
patterns, more downward growth occurs. It
will continue along this eruptive axis unless
changed by treatment or functional distur-
bance.

Figure 2. The upper incisor erupts on its long
axis. This is referred to as axial or conical
growth. It will continue along this axis unless
changed by treatment or functional distur-
bance.
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Table 1. When using an .016 x .016 ideal
archwire in an .018 x .025 slot, there is a
great loss of active torque. Bracket play is
reduced when using a rectangular archwire
with a wider rectangular dimension. This 
further fills the bracket slot, reducing 
bracket play and increasing effective torque.

Table 2. Completely filling the torque slot
ensures that whatever torque is built into the
bracket will eventually work itself out. This
final expression of torque is defined by both
active torque in the bracket slot and the
amount of time it takes for the constrained
wire to express itself.



wire can be actively torqued, but this is
generally down the road in the treatment
cycle. We wish to choose the appropriate
torque control at the onset of treatment,
in the very first archwire, to fulfill the
specific needs of that particular case.
This point cannot be emphasized
enough: The bracket system cannot be 
easily changed on a case-by-case basis. 
The archwires can. That means the true
variable in the system is the size and config-
uration of the archwire. Since true super-
elastic archwires cannot be bent, it makes
sense to have higher torques built into
the system and use archwires according
to specific need. Decrease bracket-slot
play where torque is needed; increase
bracket-slot play where it is not.

I am not arguing that the ideal torque
values which the Orthos System implies
are not correct. They are. It is just that
they require filling the slot as much as
possible to allow them to express them-
selves. When smaller archwires are used,

there is a great deal of loss of
torque control. When a different

need is there, torquing (or detorquing)
the wire is required. That is what we wish
to avoid or at least minimize.

.018 Slot Versus .022 Slot
Clinicians argue ad nauseum about their
choice of bracket-slot size. It is obvious
that you can do good orthodontics with
either .018 or .022 slots and that the
main differences are generally not techni-
cal but choice driven. There is no one
right way. In this era of superelastic 
archwires, the differences between using
an .018 slot and an .022 slot have 
diminished. The orthodontist who
chooses the .022 slot has clear reasons
for that choice. However, in my view, 
the smaller slot size has some distinct
advantages:

1. Torque control in smaller wires. For
example, whereas an .016 x .022 Ni-Ti
would exert virtually no torque control
in .022 slot brackets, it is very effective
in the .018 slot system. For a comparable
wire in the .022 system, you would have
to use at least an .018 x .025 wire, which
is considerably less flexible and more dif-
ficult to completely engage.

2. Overutilization of round wires. Even
though you may be using a rectangular
or square wire in an .022 slot bracket, if
bracket tolerances are not correct, it is
just like using a round wire, with all its
negative side effects.

3. Less patient discomfort. The need for
heavier torque-control archwires in the
finishing phases of treatment creates
problems both in and out of the office.
Placement of the heavier archwires is
more difficult, deflection is decreased
and there is a tendency for increased
patient discomfort.

4. Less need for defined arch coordination.
The heavier the ideal archwires used, the
greater the need for detailed archwire
coordination. Functional control (i.e.,
tongue and lip pressure) is minimized
when arch form is dictated by rigidity of
the archwire. Arch form and continuity
are more biologic when not overriden.

5. Less stress on the bond. With the use of
new bonding cements (i.e., Fuji light
cure) which have less retentive strength,
stress on the bonds means more loose
brackets. These cements have great
potential in a wet bonding field and aid
in precise bracket placement (because no
isolation devices are necessary), but they
are not amenable to heavier forces.
Lighter wires that are used throughout
treatment aid bracket stability. We have
found these newer cements to have
excellent retention characteristics as long
as larger archwires are not used.

Overcompensation
Torque is controlled in individual teeth
or segments of teeth in two ways. Either
the bracket-archwire slot tolerances are
greatly reduced (i.e., using a larger arch-
wire) or the time of torquing activity is
increased (i.e., the archwire is left in
longer). These two variables compel the
clinician to decide which size wire to 
use and how long it should be engaged.
The concept of functional finishing
implies that lighter wires be used when-
ever possible to allow the muscular 
pattern of the patient to help in the
detailing process. Torque needs for an
individual case are defined by choosing
appropriate archwire sizes and configura-
tions (i.e., utility arches, reverse curve 
T-loop archwires) to accomplish a
desired objective. Simply stated, when
more torque control is needed, the
bracket slot is filled. When less torque
control is needed, the archwires are
downsized to increase play. Where a
strong torquing moment is required, 
it is available in the higher-torqued 
Bios bracket system. When reduction 
or loss of torque is required, round or
undersized edgewise wires are used. 
The cases that commonly call for
increased torque control are Class II,
division 2 malocclusions, extraction
cases, and adult cases. The cases that
require less overall torque control are
Class I and Class II, division 1 malocclu-
sions. Of course, the need for defined
torque control can vary case by case,
upper arch and lower arch.
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“The Bios light wire
system offers the 
clinician who is 
interested in using
lighter forces and
wires an entry to
Orthos technology.
This highly sophisti-
cated system affords 
a clinical efficiency
that is nonpareil.”
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Figure 4. In the Class II, division 2 malocclu-
sion, torque in the upper incisors is com-
monly created by advancing these teeth.
Torque is then maintained or accentuated 
by reducing bracket slot play by using large
archwires.

Figure 5. Esthetically, the brachyfacial type
can accommodate a fuller dentition with a
more acute interincisal angle. In this case, a
more acute interincisal angle results in facial
harmony with good lip repose, an expressive
smile and no lip strain. Note that the upper
incisors are torqued parallel to the growth
(facial) axis, resulting in a 112° interincisal
angle, ideal for this particular patient’s
growth pattern.

Figure 6A. Example of developing Class II,
division 2 malocclusion with constricted
upper and lower arches.

Figure 6B. When upper molars are growing
closer to upper incisors, the resultant arch
form shows flaring of the upper laterals, lin-
guoversion of the centrals and a constricted,
hour-glass shaped arch form. This is typical
of the Class II, division 2 malocclusion.

Figure 7B. Final arch form changes in a
treated Class II, division 2 malocclusion.

Figure 7A. Final occlusion demonstrating
positive torque in the upper incisors created
by long duration of edgewise wires with little
play in a high-torque slot.

Figure 3. In strong growth patterns where the
upper molar (a) grows down the facial
(growth) axis and the upper incisor (b) grows
down its long axis (axial or conical growth),
there is a diminution of space between the
molars (c) and incisors (d). This accounts for
a pinching, or closing, of the arch, resulting
in the typical dental characteristics of the
Class II, division 2 malocclusion.

Relation of eruptive pattern of teeth in the 
development of C1 II, d2 malocclusion

This case demonstrates the 
occlusion and arch form 
characteristics that result as a
consequence of the eruptive
direction of teeth. It defines
how the interincisal angle 
relates to the individual
growth pattern of this patient.
Ideal treatment relates the final
position of the teeth to the
overall direction of growth.



The Cuspid Conundrum
Upper and lower cuspid torque seems to
be the most controversial area of straight
wire systems. It can range from -7° to
+7° in both arches – in other words, a
total variance of 28°. How is it possible
that there could be such a divergence of
opinion? To begin with, vertical place-
ment of the bracket can greatly affect
torque (due to the convexity of the facial
surface). A gingivally placed bracket 
can have a torque variance of + or -9°

compared with a bracket placed incisally.
However, mechanics are usually the
answer to this conundrum. Almost 
every mechanical force has a tendency 
to detorque cuspids. Class II elastics,
elastomeric chain, retraction in extraction
cases and vertical elastics to seat the
occlusion all act to detorque these teeth.
This needs to be compensated for with
torque in the bracket. So, although some
might argue that ideal torque would be
less than +7°, mechanics mitigate that
somewhat. In addition, a more natural
smile occurs when the cuspids support
the corners of the mouth. This smile 
line is enhanced when the upper cuspids

(especially) are not undertorqued.
It certainly helps avoid the 

“orthodontic look” of a narrowed or
pinched arch that commonly occurs in
extraction cases. First order in-out bends
are markedly affected by torque. Positive 
lingual root torque on both upper and lower
cuspids is instrumental in creating proper
contact points between the distal of lateral
incisors and the mesial of cuspids (both
upper and lower). This reduces the 
number of adjustment bends needed 
in these areas.

Loss in Torque Due to 
Bracket-Slot Play
There is a wide variability of torque 
control in the bracket slot based on the
amount of leeway or play between the
size/shape of a rectangular archwire and
the bracket interface. It has been 
calculated that there is a loss of 6° in
torque control for each .001 inch 
tolerance in bracket fit. For example, 
an .016 x .022 wire would only exert 
9° of torque in a 21° torque bracket.
Theoretically it would take an .018 x
.025 archwire to allow all of the torque
in the bracket to exert itself. With an
.016 x .016 archwire, torque is dimin-
ished even more due to the shortened
diagonal size. When one thinks of torque
within the bracket slot, there is an
assumption that torque will ultimately 
be expressed on the tooth. Not so. Wire
size, bracket tolerance and force moment
are major factors in the final placement
of the root. By simply choosing to down-
size or upsize the edgewise archwire, the
clinician is more capable of reaching a
specific goal than by changing specifics
in bracket torques. It is more important
that the tooth-to-tooth in-bracket torques
be symmetrical and harmonious.

Torque to Facial Type
Determining the ideal interincisal angle
should not be based on averages.
Steiner’s 125° interincisal angle is merely
an average. Growth direction, esthetics
and overbite should also be considered
in determining ideal torque in the upper
and lower arches.

1. Growth: From the geometric stand-
point, the upper molar will follow an

eruptive path that closely aligns to the
growth direction of the patient. That is, 
it will erupt down the facial axis. In 
the more brachyfacial (hypodivergent) 
patterns, the upper molar will come 
farther forward due to the more horizon-
tal growth pattern. In dolicofacial 
(hyperdivergent) patterns, the upper
molar will erupt more vertically but not
horizontally, again following the vertical
disposition of the facial axis. Incisors
erupt along their vertical axes (axial
growth). It is apparent that if the upper
molar is coming forward in the strong
growth pattern and the upper incisors
are erupting more vertically, space
between the two is diminishing. The
result: a Class II, division 2 malocclusion
with crumpling of the arch, labioversion
of the upper lateral incisors, linguover-
sion of the upper centrals, an hourglass
type narrowing of the upper arch 
and constriction of the lower arch.
Conversely, when the upper incisor is
proclined labially and the upper molar 
is erupting more vertically, the space
between them is increasing. The result:
Class II, division 1 malocclusion with 
a V-shaped upper arch, severe overjet
and a retruded and flattened lower arch.
The answer to this disparity is to torque 
(or detorque) the upper incisors parallel to
the growth axis of that individual’s facial
type. The interincisal angle in a strong
brachyfacial type could be 110° and 
still be completely normal for that case. 
It could be 140° in the dolicofacial type
and also be normal. In addition, one can
infer the anchorage requirements of the
different facial types for proper torquing
of these teeth.

2. Esthetics: Brachyfacial types can easily
handle a more protruded denture. An
acute interincisal angle often looks quite
attractive in strong facial patterns. It 
provides a more youthful, expressive
appearance than if one always attempts
to treat to the average 125° interincisal
angle. At the same time, when the
incisors are proclined labially in the 
weak facial pattern, lip strain and facial
grimacing are evident. Retraction and

12

Dr. Hilgers
continued from page 10

continued on page 14

“Since true super-
elastic archwires 
cannot be bent, 
it makes sense to 

have higher torques
built into the system
and use archwires 

according to 
specific need.”
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Figure 9. In the Class II, division 1 malocclu-
sion, a detorquing moment is created when
retracting the upper incisors by using an
undersized rectangular or round wire. This
avoids both straining anchorage and having
to use higher-torque brackets on upper
incisors. When torque is needed, it is built
into the system and implemented by filling
the slot. When torque is not needed, simply
downsize the wire.

Figure 8. In vertical growth patterns where
the upper molars are erupting along the
facial axis (a) and the incisors are erupting
axially (b), there is an increase in space
between the upper molars (c) and incisors
(d), resulting in the typical dental character-
istics of the Class II, division 1 malocclusion.

Figure 11A. Example of developing Class II,
division 1 malocclusion with dental protru-
sion, anterior spacing, narrowed arches and
severe overjet.

Figure 12A. Final occlusion demonstrating
positive torque in the upper incisors created
by using undersized edgewise wires with
ample play in a high-torque slot. Since the
archwires used in retraction of the upper
incisors exerted limited active torque, the
result shows backward tipping of the anterior
dentition.

Figure 11B. When the upper incisors are
growing away from the upper molars, the
resultant arch form shows labial flaring of the
upper incisors, increased overjet, a narrow
tapered arch form and a tendency for
blocked-out or impacted upper cuspids. 
This is typical of the Class II, division 1 
malocclusion.

Figure 12B. Final arch form changes in the
treated Class II, division 1 malocclusion.

Figure 10. The protruded dentition results in
facial grimacing and disharmony. Reducing
the interincisal angle in these cases results in
a more pleasing facial profile. Note that the
upper incisor is torqued parallel to the growth
(facial) axis, resulting in a 123° interincisal
angle, ideal for this particular patient’s indi-
vidual growth pattern.

Relation of eruptive pattern of teeth in the 
development of C1 II, d1 malocclusion

This case demonstrates the 
occlusion and arch form 
characteristics that result as a
consequence of the eruptive
direction of teeth. It defines
how the interincisal angle 
relates to the individual
growth pattern of this patient.
Ideal treatment relates the final
position of the teeth to the
overall direction of growth.



more vertical positioning of the teeth on
the denture base are indicated.

3. Overbite: Holding a “correct” overbite
in a strong muscular (brachyfacial) 
pattern is very difficult when the incisors
are too vertically inclined. The chevron
that is created by a more acute interin-
cisal angle enhances the mutual support
of the dentition itself. In addition, it
helps alleviate some of the negative
effects on the TMJ sometimes caused 
by a collapsing anterior arch. In the
dolicofacial pattern, where overclosure 

of the bite is not normally a problem, 
a more vertical positioning of the teeth
can help maintain incisal guidance.

Simplicity By System
Unquestionably, one of the biggest
advantages of Orthos is the systems
approach that it brings to arch form and
occlusal fit. The highly integrated tubes,
brackets and coordinated archwires 
create a system that allows the clinician
to greatly reduce chairtime and increase
efficiency. For the first time, all the arch-
wires, from superelastic through ideal,

are computer designed and fabricated 
to achieve the most ideal fit of the teeth.
If the tubes and brackets are properly
placed, the clinician’s main responsibility
is to decide which archwire is needed to
achieve a desired result.

Buccal Root Torque in the
Lower Buccal Segments
Research in the development of the
Orthos System indicated a tendency to
leave the lower buccal segments unduly
lingually inclined, reducing occlusion of

Dr. Hilgers
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Figure 15. Arch configuration influences
torque control. Reverse Curve TMA® Arch-
wires with ‘T’ Loops (.016 x .022) can be
adjusted to torque, advance, intrude and
retract incisors by simple intraoral adjust-
ments and allow the clinician to define

torque and step-ups between incisors
and buccal segments.

Figure 14. From the growth standpoint, ideal
torque of the upper incisors (b) would place
the long axis of these teeth parallel to the
growth (facial) axis of the face (a). This
results in a symmetry of growth as the upper
molars (c) grow in harmony with the upper
incisors (d). This aids in stability of the occlu-
sion and overbite-overjet relationships. It can
also be argued that this is the position 
of the upper incisors that is more 
harmonious with normal TMJ function.

Figure 16. Most mechanics have a tendency
to detorque upper and lower canines. Cuspid
retraction in extraction cases, buccal space
closure with elastomeric chain and vertical
seating elastics all have a tendency to
detorque these teeth. Lingual root torque 
on the cuspids helps mitigate this 
tendency.

Figure 13. When upper incisors are torqued
parallel to the growth (facial) axis, there is
harmony in arch form and overjet. This con-
cept is used when setting up torque objec-
tives and determining what, when and where
a certain size of archwire will be used. It is
also a strong determinant of anchorage
needs for each case.

Figure 17. The Orthos™ System is designed
for the use of larger wires to express the
built-in torque of the brackets and buccal
tubes. When undersized archwires are rou-
tinely used in the lower buccal segments,
there is a resultant lifting of the lingual
cusps with concomitant loss of anchorage.
Note that the lower buccal segments have
been detorqued and expanded with the use
of -10° torque along with undersized wires. 
Proper torque can be achieved by using a
full-sized (0° bracket play) archwire. When
using undersized torque-control wires (e.g.,
.016 x .022), proper lower buccal segment
torque is achieved by increasing bracket
and tube torques up to -27°. Overcompen-
sation needs to be part of the clinician’s
thinking when using lighter, undersized
archwires with their resultant loss torque
control.
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