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The why, the how, and the now.

New Changes in CAD/CAM: Part 1
Paul Feuerstein, DMD

TecHnoLogY
INTEGRATION

CAD/CAM—computer-aided design/
computer-aided manufacturing—has been
around for a long time. It has been used
in industrial manufacturing for many
years, creating everything from tiny parts,
such as nuts and bolts, to very large parts,
such as aircraft wings. Medical devices
and automobiles are designed using CAD/
CAM programs.

When the term CAD/CAM is mention-
ed in terms of dentistry, the immediate
current association is CEREC® (Sirona,
Charlotte, NC). After 20 years on the mar-
ket, this product has made its mark on
the profession. Until CEREC, the limiting
factor for that type of sophistication in
dentistry was the size and cost of the equip-
ment. A typical machine shop spends over
a quarter million dollars and gives up quite
a bit of floor space for CAM machines. In
May 1984, Francois Duret, DDS, applied
for a patent that he titled,“Method of and
Apparatus for Making a Prosthesis, Es-
pecially a Dental Prosthesis” (US Patent
#4,663,720). The patent was granted in
May 1987, and Duret followed up by wri-
ting an article on automated prosthetic
production.1 In 1989, he brought a system
to the Chicago Midwinter Meeting and
did a live demonstration of a computer-
manufactured restoration.2,3 It took about
4 hours to complete that procedure, and
the equipment was large and expensive.

Sirona took this concept and shrunk
it both physically and economically to fit
into a dental office. In many cases, the qual-
ity of a properly designed restoration cre-
ated from an excellent preparation with
CEREC can rival the fit of traditional lab-
oratory-processed restorations. The obvi-
ous patient advantage is the possibility of
receiving a final restoration in one visit in
large part by eliminating the impression-
taking and temporary fabrication steps
that lead to the need for a second visit. It
also allows the patient to have a metal-
free restoration with properties rivaling
traditional laboratory-processed inlays,
onlays, and ceramic crowns. Now, 20 years
later, new materials have been devel-
oped that allow restorations to be milled
out of premade solid blocks for use with
this system.

WHERE DO
WE GO FROM HERE? 
While Sirona could be considered the pi-
oneer in dental CAD/CAM technology,
over the past 20 years other manufacturers

have followed in the company’s CAD/CAM
footsteps. Several of these innovations
are described below.

D4D Technologies
A new dental office CAD/CAM system,
E4D Dentist, is currently being devel-
oped by D4D Technologies (Richardson,
TX) and will be exclusively distributed
by Sullivan-Schein (Melville, NY). This
system is different in that it uses a laser
scanner (the IntraOral Digitizer, Figure 1)
that does not depend on reflective mate-
rials, such as powder, for accurate scanning.
The software provides intuitive design tools,
such as automatic margin detection, and
allows the operator to make modifications
to contacts, occlusion, anatomy, die space,
and other parameters if desired. It also
has the capability of fabricating tempo-
raries for patients who require addition-
al visits or are in an emergency situation.
The milling unit (Figure 2) is fast, built
to accommodate current restorative ma-
terials, and it can easily be adapted for
new materials. A nice feature is that if a
tool breaks, it is automatically changed.
Final validation beta tests were ongoing
at press time.

Sirona
Sirona’s latest version of its software, as
well as a new milling machine, is sched-
uled to be introduced at this year’s Chic-
ago Midwinter Meeting. The software
will be more automated than before, which
should help the operator to feel more con-
fident of accepting the computer’s design
right away. The powder, although not
completely eliminated, will be lighter and
a lesser amount will be required. The new
milling system also will be much faster
and more accurate. Units can be complet-
ed in 3 to 7 minutes instead of 10 to 20
minutes; thus, with the new software and

milling capabilities, it will be possible to
have the restoration in the patient’s mouth
10 to 15 minutes after the handpiece is
put down.

Many practitioners have investigated
the various incarnations of CEREC and
will surely look at the new E4D when it
becomes available. Because CEREC has
been totally redesigned (Figure 3) and
E4D offers some new features, it behoo-
ves the dentist to take a fresh look at these
and other CAD/CAM units.

But is there another level to achieve?
What does the future hold for CEREC?
What if CEREC could be connected to one
of these larger CAM units that could cre-
ate restorations out of materials never
considered before? Certainly cutting blocks
of gold or titanium are feasible, but what
about denser ceramics or tooth-colored
materials that could not be milled chair-
side because of their physical properties?

Sirona has been testing a system of ex-
porting the scanned file to laboratories
that have CEREC inLab. In October 2006,
Dr. Eric Martin and Nick Ragle, CDT, of
Ragle Dental Lab in Champaign, IL, con-
ducted an experiment at the Sirona Event
in Las Vegas, just prior to the American
Dental Association (ADA) meeting. Dr.
Martin scanned several preparations in
his office and e-mailed them to the labora-
tory. According to laboratory owner Jerry
Ragle, at the laboratory they were easily
able to get the scanned files into the inLab
system and output inlays and crowns with-
in minutes. They found that the advantage
was in the finish that they could achieve—
polishing, glazing, and staining. While any
dentist could certainly do this, many pre-
fer to concentrate on the clinical aspects of
restorative dentistry and leave the esthet-
ic creativity to a trusted laboratory part-
ner, even though it does not take advantage
of the single-visit benefit.

Nobel Biocare
Dentists who do not use the CEREC in-of-
fice system still have access to the CAD/
CAM manufacturing technology and these
new materials. A traditional impression
can be sent to a dental laboratory, where
the model will be scanned and copings,
frames, or complete restorations will be
constructed. The earliest entry was Pro-
cera® (Nobel Biocare™ USA, Inc, Yorba
Linda, CA), which allowed a laboratory
to send a model to a scanning center. The
scan was then electronically transferred
to a CAD/CAM unit that created a coping
out of an extremely strong alumina cer-
amic. This coping was then sent back to
the laboratory, where porcelain was built
over the coping in the same manner as a
traditional porcelain-fused-to-metal. No-
bel Biocare later introduced a small, less
expensive scanner, the Procera® Piccolo,
which allowed the laboratory to do its own
scans, reducing turnaround time. Nobel
also now offers a zirconia coping in addi-
tion to the original alumina. Several other
laboratory systems have since appeared and
will be described in Part II of this series.

A few companies are currently develop-
ing and releasing in-office scanners. In
addition to eliminating the impression,
they will also allow the electronic transfer
of a model to a laboratory that has a CAD/
CAM system. Currently, it seems that the
strategy is to have the dentist scan a pre-
paration and arches in the office and then
send them electronically to a “clearing-
house” that will give the dentist and the
laboratory the option of either making a

Figure 1 The ED4 intraoral scanner. Figure 2 The ED4 milling unit. Figure 3 The new CEREC software.
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physical model with or without a coping
design, or to create the coping itself.

NEW INTRAORAL
SCANNERS—WITHOUT THE
IN-OFFICE FABRICATION

Cadent
Cadent (Cadent, Inc, Carlstadt, NJ) in-
troduced its intraoral scanner, iTero™, at
the ADA meeting in October 2006. The
unit includes a computer, software, wand,
and a built-in air compressor. The latter
is used to send a stream of air over the lens
to prevent fogging, while the overspray
keeps the preparation somewhat dry. Be-
cause of the method of image acquisi-
tion—using a strobe and color camera—
the preparation does not have to be sprayed
with any reflective powder. According to
the manufacturer, among iTero’s major
advantages is that it does not require the
teeth to be coated; users are encouraged
to place the probe directly on the teeth.
The three-dimensional (3-D) file is then
processed and sent over the Internet to
Cadent’s facilities, where they have rapid
prototyping machines capable of creat-
ing models for use by any dental labora-
tory, or a CAD/CAM file that can be made
directly into a coping. The coping and
model can be sent to the dentist’s prefer-
red laboratory for traditional finishing.
The obvious advantages are that there is no
waiting for mail or laboratory pick-up
and there are no models to be poured or

impressions to be analyzed. The dentist
can immediately see the quality of the
“impression,” and there is no worry about
such issues as impression pulls or other
distortions (Figure 4 through Figure 6).

Brontes Technologies
Brontes Technologies (Lexington, MA)
was founded by two engineers from the
department of mechanical engineering
at the Massachusetts Institute of Technol-
ogy. Under the leadership of Eric Paley
and Micah Rosenbloom, a team of engi-
neers and support personnel was created
for the purpose of developing a unique
scanner. They decided to use a video stream
as opposed to individual still images, and
developed a 3-D system capable of scan-
ning anything from a single tooth to a full
arch. Although the system is still being
fine-tuned in the development and testing
stages, it has already captured some at-
tention (Figure 7). In October 2006, 3M

ESPE (St. Paul, MN) acquired Brontes.
This will allow 3M ESPE to participate in
both sides of the impression marketplace
and also to offer both traditional and new
digitally based solutions for impression-
ing. According to Tom Engels, Vice Presi-
dent, Oral Care Business Development of
3M ESPE, “the Brontes acquisition is ad-
ditional proof that we believe in the fu-
ture of digital dentistry and the important
role intraoral scanning will play in restor-
ative and orthodontic dentistry.” Brontes
receives access to 3M ESPE’s research and
development and marketing resources to
help drive further development and com-
mercialization when the system is ready
to be unveiled. It is noteworthy that 3M
ESPE already has its own CAD/CAM lab-
oratory product, the Lava™ Crowns and
Bridges system. The possibility of sending
the scanned file directly from the dental
operatory to a Lava machine opens a new
avenue for in-office scans. 3M ESPE has

an orthodontic division, 3M Unitek, which
could also benefit from this technology.
The Lava system aside, 3M ESPE is not a
novice in the dental in-office CAD/CAM
system marketplace; the company is one
of the manufacturers of the blocks used
in the CEREC systems as well as in the
upcoming E4D systems.
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Figure 4 The Cadent unit in use. Figure 5 A digital model from the Cadent scan. Figure 6 A digital model from the Cadent scan.

Figure 7 A full arch scan with the Brontes unit.
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Densys Ltd
Densys Ltd (Hefer, Israel), as of the writ-
ing of this article, has finalized its wand
design and is beginning clinical trials. Ac-
cording to the company’s founder, Moshe
Ernst, Densys is concentrating on the ac-
curacy and ease of acquisition of the image.
The initial entry will be a scanner that will
export the files to partner laboratories
who will continue the CAD/CAM pro-
cess (Figure 8 and Figure 9).

Hint-ELs
Hint-ELs® (Griesheim, Germany) states
that it will have an intraroal scanner soon
with a product called DirectScan. An an-
nouncement is expected at the 32nd
International Dental Show meeting being
held in March 2007 in Cologne, Germany.

CONCLUSION
Why would a dentist want to get involved
in this arena? One common reason is the
elimination of the traditional impression
technique. No patient will ever say that they
love having all of that “goo” in his or her
mouth. Sure, the materials have been im-
proved with better viscosity, flavor, smell,
and speed, but an optical impression is very
attractive. Beyond the patient experience is
the accuracy of what is sent to the labora-
tory. It is unfortunate to see some of the
impressions that a laboratory has to try
and read. There are missed margins, ma-
terial pulls, bubbles, and voids.

Impression material manufacturers and
clinical teachers have done everything pos-
sible to simplify the process but there will
always be times when clinicians, for what-
ever reason, miss that impression. The op-
tical scan is instantly read and,as the software
is developing, alerts the dentist to flawed
areas and allows for correction. In some
systems, multiple optical impressions can
be merged to create one perfect impression.

Beyond this, ultimately the laborato-
ries will be able to go directly to the new-
er CAD/CAM dental materials without
an impression. This will shorten the man-
ufacturing time, as delivery will be as fast
as one can click a mouse. Or, if they are
so equipped, laboratories can take the
digital file and, with the push of a but-
ton, have a working model ready with no
bench time. Laboratories that are not so
equipped can still use the digital models,
as companies or partners of the scanning
manufacturers will create them.

While these systems are developing,
several laboratory products are appear-
ing in the marketplace. These complex
CAD/CAM machines are creating restor-
ations that should yield extremely accu-
rate fits and more durability. These will be
examined in next issue’s continuation.
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Figure 10 Densys final preparation scan.Figure 9 Densys working preparation scan.
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