ELSEVIER

NRIGH
o 2

RE 8o
S,
%

d
&
-

Clinil

urrent Concepts, Goals and Mechanics

Ashok Karad

Cy




Back to the future

Since ancient times, predicting the future has held enor-
mous fascination for human beings, often at the expense of
the present moment and regrettably to the ignorance of the
valuable past. Even though prognosticators of professional
progress typically have had no more accuracy than ordinary
astrological horoscopes, they sometimes offer tantalizing
mind games that excite orthodontists about the near and far
future. However, any forecast should keep in mind that life
is too complex and baffling for most people to understand
even as it happens, much less to predict accurately. With
this caveat, I humbly and cautiously address some issues
that 1 see in the future of orthodontics.

However, before we consider the benefits that are likely
to accrue from changes in the future, it might temper our
expectations to consider some of the features of our profes-
sion that probably will not change. For example, the genetic
gift of sensitivity to stimuli, which has helped humans
evolve, survive and prosper, will probably not change
without some serious, sophisticated and yet unforeseen
tinkering with the human genome. This stimuli sensitiv-
ity determines how much compliance patients will apply

to their therapies.!-* For all of the improvements seen
in orthodontics over the past 50 years, e.g. bonded appli-
ances, titanium wires, preadjusted appliances, noncom-
pliant therapies, temporary anchorage devices (TADs) etc.
orthodontists have not experienced concomitant improve-
ments in modifying patients’ behaviours, nor should they
expect to experience much relief from this burdensome task
in the future.*

The inability to obtain reasonable patient compliance
will remain the principal deterrent to predictable and suc-
cessful orthodontic therapy that doctors and patients have
with removable invisible appliances, e.g. Invisalign,® Essix,®
Simpli5™® etc. For this reason, I think effective future man-
agement of orthodontic patients will reside with some type
of fixed appliance. Nevertheless, rather than despairing
about this unchangeable feature of human nature, future
mechanotherapies and treatment planning strategies may
well develop the capacity to mitigate orthodontic forces
to the point that they no longer annoy patients and sub-
sequently encourage greater compliance and consistently
improved orthodontic treatments, regardless of the appli-
ance that doctors and patients choose.

Clayton Christensen’ has differentiated technological
changes as those that sustain existing products or proce-
dures and those that have a disruptive effect. Sustaining
technologies foster improvements and have the purpose
of achieving better performance of established articles and
methods. Consequently, most advances and improvements
have a sustaining character about them and deal with quan-
titative features.

Disruptive technologies, on the other hand, have qualita-
tive attributes that distinguish them and offer entirely new
approaches that soon overpower and displace established
products and processes. Radio technology provides a good
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example of these phenomena. Sustaining technologies con-
centrated on developing better vacuum tubes, more effi-
ciently and for,less cost. Whereas the transistor obsoleted
the most sophisticated vacuum tube technology and totally
changed the entire radio industry.

Over the past 100 years orthodontists have seen only a
few truly disruptive innovations. The first, of course, was
the edgewise bracket introduced by Angle."” This bracket
gave clinicians the first instrument for controlling teeth
in three-dimensions, and nothing has yet superseded it.
All of the other innovations in edgewise bracket develop-
ment such as the twin bracket design, wing additions, self-
ligation types, preadjusted systems, lingual brackets etc.
have merely provided sustaining technologies that, while
adding sophistication, have not fundamentally changed the
way orthodontists deliver therapy. Neither has the transition
from gold wires to stainless steel to nitinol or even plastic
filaments offered anything but sustaining procedures.

More recently, Invislign® introduced a disruptive technol-
ogy that eliminates the use of brackets altogether. Although
it fails to have the principal disruptive characteristic of
providing a cheaper product, it has other features com-
mon to disruptive products, i.e. simpler, smaller and more
convenient. Whether mainstream therapists can tweak this
technology enough to produce consistently good results
that are acceptable to doctors and patients remains to be
seen. Nevertheless, without any doubt, this poses a disrup-
tive technology that patients want and for which they will
spend more, ! and orthodontics will have to accommodate
to it one way or another.

Orthodontic bonding provides another example of dis-
ruptive orthodontic technology that displayed all of the
characteristics of disruptive products. First, bonding offered
a simple and cheaper product that promised lower mar-
gins, not greater profits for manufacturers. Second, bond-
ing in the beginning gave worse product performance than
brackets welded to bands. Third, bonding created features
that orthodontists valued, i.e. cheaper, simpler, smaller and
more convenient ways of attaching brackets to teeth. Within
a few years of bonding's introduction, hardly anyone used
bands on anterior teeth, and the most profitable product of
orthodontic manufacturers went away. Sustaining technolo-
gies have improved the delivery of bonding with the imple-
mentation of indirect bonding, which after three decades
shows much greater growth and acceptance.”

But what can orthodontists expect in the future? Three-
dimensional (3D) imaging will continue to have a larger
place in the armamentarium of orthodontists. With one
image, clinicians will have access to information they could
only obtain in the past with multiple imaging procedures,
e.g. periapicals, bitewings, occlusal, panoramic, cephalo-
metric, tomograms, CAT scans etc. While such imaging
has obvious clinical advantages, it will result in a never-
before-seen consumer sovereignty. The patients will own
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their records, which will have a universality that will allow
them to transfer easily anywhere they wish - electronically.
More than ever, patients will drive the outcomes of dental
care because of the transparency of the procedures. This will
obviously make the delivery of orthodontic therapy more
exacting, precise and difficult. Welden Bell,'* my mentor in
orofacial pain management, remarked that unless doctors
satisfy the patient’s chief complaint, they should consider
the therapy a failure. With more patient input and author-
ity, that decades-old admonition will gain new importance.

Up till now, computers have performed primarily cleri-
cal tasks in orthodontic offices, and only recently have they
assumed tasks of clinical importance, e.g. diagnosis, treat-
ment planning, visualized treatment objectives, indirect
bonding, model formation, occlusograms, computer aided
design and manufacturing (CAD CAM) bracket design,
robot-manufactured wire forms etc. At the moment, these
tasks remain too costly for most clinicians, but as new
sustaining technologies emerge, the cost of these valuable
adjuncts will surely diminish and come within the reach of
all orthodontists.

Sustaining technology has driven the development of
dental impressions and model formation, and accuracy,
ease of use, cost and flexibility have continued to improve
as dentists progressed from dental compound and impres-
sion plaster to hydrocolloid, to alginate, then to polyethers
and now to vinyl polysiloxane materials. Some companies
have already developed 3D virtual modelling that allows
the fabrication of ceramic crowns without the benefit of
constructing traditional models of stone. Technology now
exists for combining 3D scanning and model construc-
tion via stereolithography; but in the case of Invisalign,
clinicians must still make real-time vinyl polysiloxane
impressions, which the company subsequently scans with
computerized tomographic radiographs to develop their
virtual and stereolithic models.

A truly disruptive technology and departure from impres-
sions and model formation will occur when information
gathered from the patient’s 3D cranial image combines
with computer technology to produce stereolithic mod-
els sans impressions. That technology now exists through
SureSmile,'* but the scarcity of 3D imaging in orthodontic
offices makes it impractical to apply. However, I have lit-
tle doubt that this technology will find extensive use.in the
near future.

By training and patient expectation, dentists are thera-
pists, not diagnosticians; and that is why mechanotherapies
hold so much interest for them. But that will change dra-
matically in the future because of the disruptive diagnostic
and treatment planning technology that will develop. Right
now, dentists generally and orthodontists specifically use
an iterative model based on personal experiences and their
memories of those experiences to help them plan treatment.
I continue to doubt that computers will develop human-
like artificial intelligence with creative skills, but they do
have infinite storage capacity and unrivalled recall capaci-
ties that will make them ideal for storing and retrieving col-
lective experiences and weighing treatment options before
starting orthodontic therapy.




One development that seems inevitable because it is just
now gaining traction is the use of mass-produced, cus-
tomized orthodontic appliances. Innovations such as
SureSmile,'*!'* Insignia,'>!® iBraces and Invisalign® have
made such a concept possible as they customize treat-
ment on an individual basis, which, incidentally, the origi-
nal straight-wire appliance!” intended to do but couldn't.
Nano particle technology will probably enhance this trend
by enabling CAD CAM use within the clinical setting.
Heretofore, orthodontists have presided over cottage indus-
tries that modelled themselves using a guild mentality.
Even as aggressive clinicians discovered ways of effectively
and efficiently treating more patients, they began to use an
industrial model akin to the manufacturing assembly line.
Being therapists first and diagnosticians secondly has driven
the profession by therapeutic features, e.g. myriad edgewise
brackets, bonding, nitinol wires, preadjusted appliances
etc. This has changed the packaging of orthodontics and
caused several clinical adjustments, but has not substan-
tially changed the functionality of our therapeutic delivery
model.

Effective orthodontic management systems require the
coalescence of three elements: technology, work processes
and behavioural changes. The dismissal of any one or two
of these features leaves a fragmented and essentially inef-
ficient model for patient care. Orthodontists have ignored
this management principle and achieved success in the
past by working with what Chris Anderson, Editor of Wired
Magazine, calls a short-tail model,'® which restricted care
to a small population that valued their services and could
afford a high fee from a limited number of people trained
to deliver orthodontic care. Recent evidence indicates that a
long-tail model will serve the profession and the public bet-
ter by providing a larger population with a low-cost, high-
quality product.

Technology-driven industries without a labour cartel
have a history of lowering costs for customers; e.g. com-
puters, cameras, television, telephones etc. Orthodontics
achieved this price depreciation while practically uncon-
scious of it. For example, in 1952, the average wage earner
had to work 432 hours to pay for orthodontic care. In
1997, the number of hours worked to pay for orthodon-
tic care that had considerably more comfort and certainty
had dropped to 297 hours. In 2009, the number of hours
has dropped to 250. One can only imagine what a coherent
orthodontic management system combined with technol-
ogy could do to lower patient orthodontic investments dra-
matically and thereby greatly increase the number of people
willing to use our services.

Epilogue

For orthodontists to grow and prosper, they must plan on
treating more patients, but they cannot do it with traditional
methods of management. This will present an imperative for
orthodontic professionals to adopt a management style that
can optimize available technology, newly designed work
processes and behavioural changes needed by doctors, staff
and patients to offer therapies that minimize the variables
that waste time, decrease efficiency and result in poorer treat-
ment outcomes. A recent study'* displays the ability of 3D
computer-aided treatment design to significantly improve
orthodontic therapy in less time and fewer appointments.

Current university graduate systems will provide one of
the main obstacles to preparing orthodontists for this new
urgency because they still have traditional 2-3 year pro-
grams that have minimum interface with the commercial
companies that have developed these technologies. This
will need to change, but whether orthodontists receive
their training in an academic environment or pursue it out-
side of schools, they should expect a rather steep learning
curve. Orthodontists should not expect to add these new
skills with any less time, discipline or effort than those tra-
ditionally taught in graduate school. At any rate, orthodon-
tists will no longer have the luxury of remaining computer
illiterate.

For readers who surmise from this brief look into the
future of orthodontics that technology and machines will
not only dominate but also direct orthodontic therapy and
thereby make orthodontists unnecessary, I offer this rejoin-
der. Eric Hoffer’” once said, ‘Machines may make people
superfluous, but they cannot make them harmless. No
matter how many and how ingenious the machines, there
will always be people around to mess things up’. He further
admonishes us in this same publication, ‘For the creative
individual, no matter how richly endowed, cannot achieve
much without hard work. A learning, creative society is
automatically a disciplined society’

I doubt that technology will obsolete orthodontists for
the simple reasons that accurate diagnosis and reasonable
treatment planning along with successful patient manage-
ment will remain the cornerstones of orthodontics, and
knowledgeable professionals will need to extend their con-
siderable skill and expertise into the therapeutic equation.
The new technologies will augment that need, not dimin-
ish it, and orthodontists need to prepare for some intensive
and extensive training. In the future, more than ever, ortho-
dontics will require a full-time commitment.
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