








































SECTION II - MODELING IN THE INVISALIGN SYSTEM 

FIG 4-2a At times, the catalyst does not mix in well when the clini­
cian first presses the button on the bench-top automix. It is advised 
for a modicum of paste to be expelled before the tray is filled. 
Failure to do so will create nondescript, bubblelike topography. 

• Two-step technique (tray/wash) : A preliminary impres­
sion is made with the heavy-bodied material (medium 
consistency or injectable putty) with a cellophane spac­
er on top. Wash material is added (after removal of the 
spacer) to the preliminary impression for the final 
impression. The best accuracy can be achieved by using 
a tray/wash technique. 

TABLE 4-4 Addition silicone bite-registration materials by product 
and manufacturer 

Product Manufacturer 

Imprint Bite 3M ESPE 

Exabite II NOS GC America 

Genie Bite Registration Sultan Chemists 

Memoreg 2 Heraeus Kulzer 

Occlufast Rock Zhermack 

Perfectim Systems 30 Second Blue J. Morita 
Velvet 

Regisil Rigid Dentsply/Caulk 

Registrado X-tra Voco 
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FIG 4-2b The Align return report reveals that the corresponding 
scanned image lacks detail around these molar teeth. If this im­
pression were to be used, the aligner tray would not fit properly. 

Removal and trimming of impressions 

Before the impression can be removed, the seal must be bro­
ken in the posterior area. The impression can then be 
removed-a firm, steady motion is best. Unsupported areas 
of the impression should be trimmed to minimize distortion. 

Disinfection of impressions 
A variety of disinfectants is available, including neutral glu­
taraldehyde, acidified glutaraldehyde, neutral phenolated 
glutaraldehyde, phenol, iodophor, and chlorine dioxide. 
Addition silicone impressions can be disinfected by immer­
sion per the manufacturer's directions/ Polyether impres­
sions can change dimensions on immersion in some disin ­
fectants, so only short times (2 to 3 minutes) in chlorine­
type disinfectants are recommended for polyether impres­
sions. Some clinicians prefer to disinfect polyether impres­
sions by a spray-and-wipe technique. 

BOX 4·2 Tips for improving bite registrations 

Tip for dental assistants 

• Make sure the tips of the automix cartridge are open. 

Tips for clinicians 
• Use trays to improve accuracy. 
• Avoid use of excess bite-registration material to mini­

mize rebound. 
• Trim carefully since the material is brittle. 











• Distortions, bubbles, voids, and wrinkles of teeth are 
reshaped if they are less than 2 to 3 mm, depending on 
the location and if the surrounding contours are clearly 
visible (Figs 5-2a and 5-2b). To properly restore the cor­
rect anatomy, high-quality intraoral photographs provid­
ed by the treating clinician are critical. 

• Incomplete capture of terminal molars may be 
addressed by trimming away the distal portion of the 
tooth, which eliminates the part of the tooth where the 
distortion lies (Figs 5-3a and 5-3b). This may only be 
possible if the treatment plan outlined on the prescrip­
tion and diagnosis form allows. For example, the dis-

FIG 5-3a The distal side of the second molar is not provided in 
the impression. 

FIG 5~4 This impression is very poor but is usable if only the 
mdandibular arch is being treated. Occlusal surfaces of teeth are 
a equate to occlude the maxillary and mandibular arches. 

ALIGN'S STANDARD ON QUALITY IMPRESSIONS 

tarted molar may be trimmed if no distalization is 
requested, no premolar extraction is requested, if the 
case is for anterior treatment only, if the arch is not 
being treated, or if the prescription indicates extraction 
of the distorted tooth. 

• More significant distortions may be accepted if the arch 
is not being treated, since the opposing arch is being 
used primarily to set the occlusal bite relationship (Fig 
5-4) . 

FIG 5-3b The aligner can be created only for the portion of the 
dentition represented in the image. 
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chapter 6 

SCANNING PROCESS AND 
STEREO LITHOGRAPHY 

by 
Srinivas Kaza 
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SECTION II - MODELING IN THE INVISALIGN SYSTEM 

The term image acquisition (or scanning) is used to describe 
the process of converting a physical object into three-dimen­
sional (3-D) electronic data. The scanning process is used in 
various applications ranging from reverse engineering to 
nondestructive or destructive testing. Methods and technol­
ogy of image acquisition have made remarkable progress 
over the last few years. The lnvisalign System uses state-of­
the-art scanning technology to accurately capture tooth 
geometry. This chapter outlines the evolution of scanning 
technology at Align Technology. 

Laser Scanning 
Laser scanning was the first scanning technology used by the 
lnvisalign System. In laser scanning, a laser beam is project­
ed on the object being scanned, and the reflection of the 
beam is recorded. The object being scanned is rotated to sev­
eral predetermined positions so that multiple views can be 
recorded. The recordings made from these different views are 
incorporated together to produce a 3-D electronic image of 
the object. This scanning technique is one of the most wide­
ly used for a variety of applications and is offered by sever­
al companies. The scanner used in the lnvisalign System was 
made by Cyberware, located in Monterey, California. During 
the time laser scanning was used with lnvisalign, it posed 

certain challenges-for example, acquisition speed and the 
ability to capture undercuts and small interproximal spaces. 
In an effort to improve on these aspects, Align Technology 
turned to the use of destructive scanning technology. 

Destructive Scanning 
In destructive scanning, cross-sectional information of an 
object is captured and used to construct a 3-D image. The 
technique is undertaken as follows (Fig 6-1) : 

1. Plaster casts are poured for the impressions submitted. 
2 . The plaster casts are detailed by a lab technician to 

remove any defects and/or reconstruct partially missing 
information (see chapter 5) . 

3. Multiple plaster casts are placed on a plate and encased 
in a black polymer. The polymer is allowed to solidify, 
encasing the plaster models in it. 

4. The encased block is mounted on a milling machine, and 
a thin section is sliced off the top. 

5. The object is moved to a camera system to capture a 
two-dimensional view of the top. 

6. Additional cross sections are milled and scanned. The 
process is repeated until the bottom of the object is 
reached. 

FIG 6-1 Destructive scanning process. 

• Protects the casts 
Seal Casts 

Encapsulate 

Destructive scan 

Create digital image 
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• Prevents infiltration 

• Supports the casts during 
destructive scanning 

• Provides color contrast for 
image capturing 

• Destroys the plaster casts 
• Captures t rue geometry of 

plaster casts 

• Produces a high-resolution/ 
detailed 3-D model 

• Applies Treat Software to 
establish bite occlusion 



7. Postprocessing software identifies the plaster casts 
using the contrast between the white plaster casts and 
the black encasement material. The images of plaster 
on each layer are then aligned and stacked together to 
create a 3-D image of the plaster casts being scanned. 

Destructive scanning is one of the best methods avail-
able to capture intricate geometries, undercuts, and the 
like. The process of preparing a plaster cast for scanning, 
however, can be messy, time-consuming, and expensive. 
For the lnvisalign System, the main problems revolved 
around time, cost, and the fact that the cast is destroyed 
(necessitating the pouring of two casts, which further 
increases the cost) . 

White-Light Scanning 
White-light scanning uses a white-light pattern to capture 
images of the object being scanned. A pattern of white light 
(most commonly used is the moire pattern) is projected on 
the object, and the reflection is captured by a camera. The 
captured image is stored, and the process is repeated with 
the object at a different orientation relative to the camera. 
Several images are taken at various positions, and the 
views are then aligned and combined to create a 3-D image 
of the object. 

White-light and laser scanning are the most popular 
scanning technologies available. For a time, Align 
Technology utilized white-light scanning in conjunction 
with destructive-scanning technology. Although this com­
bination of scanning methods offered high accuracy and 
resolution, the lnvisalign System required an imaging 
technique capable of providing even greater detail to cap­
ture deep undercuts and small interproximal gaps. This 
prompted the move to computerized tomography (CT) 
technology. 

Computerized Tomography 
CT uses X-rays to scan an object. A set of impressions is 
loaded onto a fixture (Fig 6-2) and mounted on a rotary 
tab le in the scanner. X-rays are then beamed onto the tar­
get. The X-rays pass through the impressions, and the 
resulting image is captured by a detector positioned 
beh ind the impressions. The rotary table is then rotated 
by a small angle, and another image is captured. Multiple 
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F1 G 6-2 Impressions placed in foam fixture. 

images are acquired at high speed and stored. 
Postprocessing software is used to extract information 
about the teeth, based on the attenuation of the X-ray 
beams that pass through the impression. CT scanning 
allows the direct scanning of an impression, thereby elim­
inating the intermediate step of pouring a plaster cast 
(Figs 6-3a and 6-3b) . 

Rapid Manufacturing of Molds 
Rapid manufacturing is a term used to describe processes 
that can fabricate complex geometries in a matter of hours 
without any tooling. Rapid manufacturing techniques typi­
cally involve layered manufacturing processes where objects 
are produced one layer at a time. The rapid manufacturing 
process currently used at Align Technology is known as 
stereolithography (SLA) (Figs 6-4 and 6-5) . In SLA, a solid 
object is constructed by curing the part in layers. A 3-D elec­
tronic representation (computer-assisted design [CAD] 
model) of the object to be built is first divided into thin 
cross sections. The cross-sectional information is then 
transferred to the SLA machine. 

The machine has a vat of liquid photopolymer that cures 
when exposed to light of a certain wavelength. A laser beam 
at this wavelength is then used to cure the bottom-most 
cross section of the object. A layer of liquid photopolymer 
is then applied on top of the cured layer, and the next layer 
is cured on top using the laser. The process is repeated 
until the last layer is cured, resulting in the desired solid 
object. 
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F1G 6-3 (a and b) Scanned images of the impression. 

a b 

F1G 6-4 (a and b) Scanned data is segmented using the ToothShaper process. (See chapters 7 and 8 for a detailed explanation of 
ToothShaper.) 

SLA Technology and the 
lnvisalign System 
The first step in the production of an aligner is the accept­
ance of the planned treatment by the submitting clinician 
through ClinCheck (see chapter 11). A clinician's acceptance 
of the proposed treatment triggers lnvisalign's internal 
information systems. The case information-such as 
patient information, number of stages in the maxillary and 
mandibular jaw treatment, tooth movements, attachment 
designs, and the like-are fed into the custom software 
designed for the lnvisalign SLA system. Subsequently, the 
treatment files are converted into a triangulated file for­
mat. The software then lays out the various cases within 
the build area of the SLA machines (currently 500 x 500 
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mm) to optimize space utilization. The electronic data are 
separated into multiple slices of a specified thickness. The 
slice data are then transferred to the SLA machine for 
manufacturing. The SLA molds are built on a platform that 
is located about one-slice thickness below the resin sur­
face. The first layer from the bottom is then drawn by a 
laser (Figs 6-6a and 6-6b). 

The photosensitive resin cures and turns solid upon con­
tact with the laser beam. Once the first layer is completely 
traced, the build platform moves down a distance equiva­
lent to the thickness of one layer. The second layer is then 
traced and cured on top of the previous layer. The process 
is repeated until the top of the object is reached. At the end 
of the process, the build platform consists of the molds; the 
rest of the photopolymer in the vat remains liquid. 
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FIG 6-5 SLA build process. 
(Images courtesy of Hong Kong 
Polytechnic University.) 

t. Start with 3-D CAD data. 
2. The 3-D CAD data is automatically sliced into thin 

horizontal layers using 3-D Lightwear software 

Stereolithography Apparatus (SLA) 

SLA selectively exposes a photosensitive epoxy resin, layer 
by layer, using laser optics to generate models based on the 
stereolithography data. 

Finished part 

.!J 
_:Jp..::J; 
~ ... , .. ,. 

f., - 'l O,__,..,~ -"'-''\IJII~ _1..;ii 

FIG 6-6 (a and b) Patient data layout on an SLA tray. 

After the process is complete, the build platform that con­
tains the molds is removed from the machine and trans­
ferred to an automated postprocessing line (Fig 6-7) . In 
P0stprocessing, the platform is first spun at high speeds to 
r~move any excess liquid resin on the molds. Upon comple­
tion of the spin, the platform is automatically loaded into a 

Liquid resin 
t Platform 

-----Vat 

,.. __ 
r: .,,,r~r..,. 

wash system that uses high-pressure water to clean the 
molds of any remaining uncured resin and debris. The plat­
form is then automatically transferred to an ultraviolet (UV) 
curing station. The molds are exposed to specific wave­
lengths of high-intensity UV light that completely cures 
them. The molds are then automatically transferred to a 
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F1G 6-7 Postprocessing system for SLA molds. 

mold-and-support-removal machine that removes the molds 
from the platform and cleans them to ensure that no debris 
remains on the molds. The molds are then packaged and 
shipped to the facility in Mexico for the aligner fabrication 
process (Fig 6-8) . 

An SLA mold created at Align has some embedded track­
ing features in it. First, readable text is engraved on the side 
of the mold to indicate the patient identification and the 
stage number (Fig 6-9a). Second, each SLA mold has two­
dimensional bar code information (commonly known as the 
data matrix), which contains similar information (Fig 6-9b). 
The bar code is used by the automation processes to auto­
matically detect the information on the mold and direct the 
part accordingly. 

Aligner Fabrication 
Aligner fabrication represents the back end of the process, 
whereby a sheet of plastic is formed over the SLA molds, 
trimmed, removed from the mold, polished, and packaged. 

FIG 6-8 Fabricated SLA molds. 

The process of creating an aligner starts when the SLA 
molds are received in the forming area. Upon arrival in the 
forming area, the molds go through an automated marking 
machine where the two-dimensional data matrix is hot­
stamped with black ink to provide contrast that allows bar 
code readers to process the information. Next, the molds 
are sprayed with an organic silicone release agent to help 
with the aligner removal process after forming (Fig 6-10). 
Each mold is then read with a bar code reader to ensure 
that the information can be accurately read and verified. 

F1G 6-9 Side-lettering identification feature (a) and two-dimensional bar code information (b). 

52 



FIG 6-10 SLA molds are loaded onto a machine 
that reads the bar code information and applies 
a release agent for forming. 

The molds are then placed on a 20 s 20-inch pallet and 
loaded onto a conveyer line. The pallets are routed to an 
automated forming machine (Figs 6-11 and 6-12) . Each SLA 
mold is picked up from the pallet by a robot. Prior to fur­
ther processing, the bar code is read by a reader. Once the 
read is complete, plastic is formed on the SLA mold. This 
plastic mold then goes under a laser marker, which down­
loads information from the network as to where to place 
the aligner information for that particular aligner (for each 
aligner, the lnvisalign software automatically creates and 
stores a marking box that indicates where the aligner can 
be marked without compromising its esthetic quality). 

After the forming and marking process is complete, the 
molds are automatically routed to one of several five-axis 
trimming machines (Fig 6-13). Of course, prior to loading on 
the trimming machines, the relevant cut information (based 
on the bar code) is downloaded into the trimming machine. 
This information indicates where the gingival line is located 
for that particular stage, thus ensuring that the trimming ma­
chine cuts along a line that produces an accurate aligner fit. 
A robot loads the mold onto the trimming machine, and the 
cutter trims the aligner along the specified path (Fig 6-14). 
Upon completion of the trimming process, the aligners are 
~e~oved from the SLA molds and transferred to a tum-

hng/deburring machine that removes most of the aligner's 
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FIG 6-11 SLA molds being processed in an 
automation line. 

FIG 6-12 SLA molds being loaded onto the form­
ing machine. 

sharp edges (Fig 6-15). After the tumbling cycle is complete, 
each aligner is hand finished and polished to ensure that 
no sharp edges remain (Fig 6-16) . The aligners are then dis­
infected in an ultrasonic bath to ensure they are safe to 
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FIG 6- 13 After forming, the formed parts are loaded onto a five- F1 G 6-14 Aligner trimming process. 
axis cutting machine for aligner trimming. 

FIG 6-15 Aligners go through a tumbling process to remove rough FIG 6-16 Final trim and polish by hand. 
edges. 

wear. This is the final product that is now ready to ship (Fig 
6-17) . At the end of the disinfection cycle, the aligners are 
removed and placed and sealed in lnvisalign packaging. 
The packages are then shipped to the prescribing clinician. 

Summary 
The manufacturing systems described above produce align­
ers that perform well. Further streamlining of the process, 
however, has the potential to expedite the process. To this 
point, clinicians can look forward to self-starting machines, 
self-diagnosing machines, pallet changer and conveyer sys-
tems, automated postprocessing systems, and part tracking FiG 6-17 Final product. 

and work flow routing. 
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From lnvisalign's inception in early 1997, software was 
envisioned as a key component of the technology of the 
system. Advances in scanning and rapid prototyping sys­
tems allowed physical objects to be scanned, manipulat­
ed digitally on a computer system, and re-created as a 
physical object. Actually, these technologies had been in 
place for computer-aided design (CAD) applications. For 
lnvisalign, what was needed was CAD software that could 
be readily applied to orthodontic appliance design. The 
software would allow a virtual model to replace the stan­
dard dental cast used in conventional orthodontic appli­
ance manufacture. The virtual model could ultimately be 
called upon to be much more than a simple replacement 
for a dental cast. Analyses difficult to perform on a phys­
ical model may be more easily done on a virtual model. 
For instance, "what if" treatment scenarios could be per­
formed on a computer model with greater ease than on a 
physical model. At a minimum, sophisticated computer 
algorithms would facilitate the automation of some 
aspects of the appliance design process, allowing the 
company to support a broad customer base. 

What other advantages does the virtual model offer? 
Manual, laboratory-based methods have already been 
used to create appliances similar to those used in the 
lnvisalign System.1 In these methods, individual teeth are 
cut from dental casts, set into wax or a similar substance, 
and manually repositioned into a new configuration. An 
appliance is then created from this new configuration 
using common processes-typically, vacuum-forming or 
pressure-forming. By repeating the process and generating 
multiple configurations from the segmented dental cast, 
appliances can be created for each configuration (see 
chapters 1 and 2) . 

. Such manufacturing methods present clear limitations. 
The detailed, manual nature of the process can be tedious 
and prone to errors. Fundamentally, manually prescribed 
tooth movements on cut plaster teeth cannot be precisely 
calibrated for the force systems they will generate. In turn, 
the envisioned tooth movement may never happen. Finally, 
creating a series of appliances that put the teeth in good 
final positions is difficult because the ideal final position 
could exist only in the mind of the person preparing the 
models but not be orthodontically feasible. Planning each 
appliance in the series such that the teeth in each model 
lie along a sensible path to the final position could be 
impossibly challenging by manual methods. 

Many of these limitations disappear when virtual three­
dimensional (3-D) models are used. They are unfettered by 
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the physical constraints that make up the core of the lim­
itations described above. The key is to design software 
that creates a virtual model that can facilitate the manu­
facture of a physically attainable device. To meet this 
requirement, the software behind the lnvisalign System 
had to successfully achieve several challenging tasks: 

• Model the hard and soft tissues of the mouth 
• Plan a final, treated position for the teeth that takes into 

account proper occlusion 
• Plan and execute how the movement from the initial to 

the final position will take place 
• Produce a virtual model that could be fabricated using 

rapid prototyping technology, to allow the forming of 
the individual aligners through conventional processes 

The software performs these key modeling functions in the 
context of a larger manufacturing process that begins with 
the acquisition of the initial dental model and ends with the 
creation of the dental models used to make the lnvisalign 
appliance. Between these steps, the teeth are only repre­
sented virtually. 

The lnvisalign manufacturing process, from the perspec­
tive of the software technology, was broken into a series 
of steps: segmentation, final setup, staging, review, and 
fabrication. The initial dental model is one surface and 
looks like a virtual dental cast. In segmentation, this virtu­
al cast model is divided into a set of smaller surfaces, one 
for each tooth. Additionally, a model of the gingiva is cre­
ated. Software called ToothShaper is used during this step. 

In final setup, the individual teeth are placed into a clin­
ically and esthetically acceptable final position. A key 
requirement at this step is to provide methods to evaluate 
the final position of the teeth. Software called Treat is used 
during this step. Once the final position is defined, the path 
that each tooth will take from its initial position to its final 
position needs to be defined. These motions are planned 
during the staging process, which also includes projections 
of the rate of movement for each tooth as well as the time 
required. The Treat software is also used here. In the review 
step, the clinician is shown the virtual treatment model and 
is given the opportunity to comment and request any 
changes to the final position, tooth movements, or both. The 
clinician uses ClinCheck software to view the virtual models 
(see chapter 11). In fabrication, the virtual model is prepared 
for production into physical models that can be used to cre­
ate the final appliances. Software called Fab finishes the 
preparation of the virtual model for manufacture. 



History and Background of 

3.o Software 
The genesis of the lnvisalign software lies in a variety of 
areas, including two-dimensional (2-D) and 3-D computer 
geometry and graphics, human-computer interaction, and 
imaging. Advances achieved in such engineering disciplines 
as image and surface acquisition further pushed these areas 
to create ways of processing new kinds of data. In dentistry, 
these ideas have already been applied in oral surgery and 
in the treatment of craniofacial deformities. 

A software package named Sketchpad is credited with 
being the earliest known CAD system.2 Authored in 1963 as 
part of Ivan Sutherland's PhD thesis,2 Sketchpad employed 
a graphical user interface (the first of its kind) to allow a 
draftsman to easily and interactively create a drawing on a 
computer system using a light pen. It pioneered the idea 
that one could create a subdrawing once as a master draw­
ing and reuse it many times. Furthermore, if the master 
drawing were changed, then all copies of it would change. 
This is an idea that many systems employ today. 

A system from which the lnvisalign process drew inspira­
tion is the "3-D fax machine" described by Levoy et al.3 This 
system made possible the sending of a 3-D object over a 
communications system like the Internet, much in the same 
way that a fax machine allows a document to be sent over 
te lephone lines. At the sender's end, the object is scanned 
and a 3-D model of its surface is created. This model is then 
sent over the Internet to a remote site, where it can be fab­
ricated using, for example, a rapid prototyping process such 
as stereolithography. Of course, prior to fabrication, the 
model can be manipulated by either the sender or the 
receiver. 

Numerous CAD techniques have been applied in many 
fields, including dentistry and orthodontics. For example, 
computer-assisted orthodontic treatment planning sys­
tems use the computer as an analytical tool to aid the 
orthodontist during the treatment planning process. Some 
other early systems focused on using the computer to 
ease the analysis of cephalometric tracings.4 This model 
was subsequently extended, and it allowed the practition­
er to also view changes to the tracing that would result 
from treatments The 2-D models of orthodontic treatment 
Proposed by Biggerstaff6 provided an early visual means 
of plan ning and evaluating posttreatment tooth positions 
With a computer. 

Three-dimensional techniques have been applied to 
research in dentistry and orthodontics, as well. An early 
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system developed by van der Linden et al that enabled 
recording of 3-D information from a dental cast was the 
Optocom.7 In this system, two dimensions were specified 
by moving a microscope to bring the desired point on the 
cast in line with a set of crosshairs. The third dimension 
was captured with a touch probe attached to the mecha­
nism that supported the microscope. 

Later systems relied on scanning and imaging techniques 
to acquire a 3-D surface model of a cast or impression. The 
points used in an analysis could then be captured using an 
interactive computer application. One such system, by 
Laurendeau et al,8 scanned a dental impression using a 
technique that could determine the 3-D location of certain 
points based on how the impression and the medium it was 
contained in (colored water) absorbed light. A simple 
boundary was computed between each tooth on the result­
ing virtual model. The positional relationship between the 
roughly segmented teeth was then analyzed to provide a 
simple, automated diagnosis. Kuroda et al developed a sim­
ilar system to analyze dental casts and to perform virtual 
setups.9 Their system involved the use of a slit-ray laser 
scanner to acquire approximately 90,000 3-D coordinates to 
create a 3-D model of a dental cast. A computer system can 
be used to perform measurements and conduct basic treat­
ment planning on the resultant model. 

Another area where 3-D geometric techniques have been 
applied is in the area of craniofacial research and surgery. 
Currently, there is significant interest in computer-aided sur­
gical treatment planning. Using techniques described 
above, Motohashi and Kuroda10 developed a system for 
planning orthognathic surgery from a scan of a dental cast. 
The cast is segmented into individual teeth, which are then 
moved by a user into their postoperative positions, where 
they can be evaluated using digital tools. Other approach­
es begin with a 3-D scan to capture the geometry of the 
patient's head. This scan is usually a computed tomography 
(CT) or magnetic resonance imaging (MRI) scan to capture 
the internal structures of the head and mouth. Hassfeld and 
MUhling11 surveyed the technology that has been applied in 
this area. Mccance et al12 used pre- and postoperative CT 
scans of surgical patients to illustrate the movements 
achieved in both soft tissue and bone. 

Others contemporaneous with lnvisalign have attempted 
to build complete treatment planning systems that could 
be used in the orthodontic office. These systems incorpo­
rated 3-D input to more accurately capture the patient's 
unique geometry. Alcafiiz et al13 describe work on a prod­
uct named Magallanes, which is a treatment-planning sys-
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tern based on a scan of a standard dental impression. A 
laser scanner is used to scan a dental cast to create a 3-D 
surface representation of the cast. Automated routines seg­
ment the model by detecting boundaries of teeth. It should 
be noted, however, that these routines work well only when 
the teeth are nearly vertical. The software allows interactive 
specification of a treatment plan and the simulation of the 
tooth motions that would be obtained through the use of 
specified archwires. The latter is accomplished via a simple 
biomechanical model of how teeth may behave when a sim­
ulated archwire applies mechanical forces. 

Recent commercial products such as those produced by 
OrthoCAD, Geodigm, OraMetrix, and others expand on the 
ideas listed above, bringing together computer graphics 
technology and modern scanning systems. OrthoCAD and 
Geodigm both yield digital models that can replace a plas­
ter cast for diagnosis, treatment planning, and long-term 
storage. SureSmile by OraMetrix goes one step further: it 
provides a system14 that allows detailed treatment plan­
ning and the fabrication of a device designed to execute 
the formulated treatment. 

A Brief History of 
lnvisalign Software 
The development of the software used in the lnvisalign 
System began in early 1997. At the time, the 3-D graphics 
on Microsoft Windows-based computers was a niche mar­
ket-specialized computers that ran Windows and had 
high-end graphics cards were geared toward the entertain­
ment and design industries, but still did not have much of 
a following. Most 3-D computer graphics at the time were 
done on computers manufactured by Silicon Graphics. 

In early 1997, the software component of the lnvisalign 
process was broken into two parts: modeling the teeth and 
moving them. Two corresponding software packages were 
created: Clipper and Aligner. The Clipper package mimicked 
what happened in a dental laboratory by allowing a user to 
"cut" a virtual dental model into multiple pieces, each one 
representing a tooth. The Aligner package took the virtual 
model created by Clipper and allowed a user to move the 
teeth into a final position; Aligner also defined how the 
teeth moved into those positions over time. It was, essen­
tially, a package for animating the movement of tooth mod­
els. 

Clipper's basic tools were the eraser and the saw. The 
eraser did exactly what its name promised: it allowed the 
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operator to eliminate part of the model. This was used, for 
example, to create a flat base on the bottom of the model, 
in the same way that a technician might on a plaster cast. 
The saw allowed the user to create Li-shaped cuts. 
Looking at a tooth from the labial direction, a curve was 
specified that started above the marginal ridge, descend­
ed along the interproximal region and along the gingival 
line, and finally curved up to the opposite marginal ridge. 
The same curve was created on the lingual side and con­
nected to the first curve by a flexible surface. This surface 
would cut the model into two pieces, with the tooth above 
and the rest of the model below. The saw would be applied 
to each tooth until all teeth were segmented. The remain­
ing part of the model was left to approximate the gingiva. 
This model was also represented at two levels of detail: a 
highly detailed model was used to manufacture the appli­
ances, and a less detailed model was used for quicker 
interaction with the user of the software. Examples of the 
two levels of detail are shown in Figs 7-1a and 7-1b. 

Aligner was, at its heart, an application that allowed a 
user to create a key-framed animation1s of a set of teeth. 
Put simply, in a key-framed animation, the positions of the 
teeth are specified by the user at the beginning and the end 
of the treatment, and potentially at a small number of 
points during the treatment. These user-specified positions 
are key frames. The computer fills in the intermediate posi­
tions, smoothly interpolating the position and orientation of 
the teeth between the specified key frames (Fig 7-2) . 

Over time, the functionality of Clipper and Aligner grew 
increasingly similar, to the point where they differed in 
only a few key ways. These programs were eventually 
merged into a single application called Treat. This new 
application has the ability to do real-time contact detec­
tion,16 which allows for an analysis of occlusion at the 
beginning and end of treatment, as well as any time in 
between. 

As lnvisalign grew, Align Technology recognized the need 
to involve the practitioner in the treatment-design process. 
To accomplish this, a new application called ClinCheck was 
created to allow the practitioner to view the results of the 
treatment-design process and provide feedback to the 
technicians at Align on how it should be improved. This 
was made possible by advances in personal computers 
that allowed the display of lnvisalign's 3-D models on com­
mercial-grade equipment. 

The initial virtual models used by Treat and ClinCheck 
were very basic. In Treat, the teeth would move during the 
course of treatment, but the gingiva would not change 
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FIG 7-1 Virtual models are represented at two levels of detail: (a) tow resolution and (b) high resolution. 

FIG 7-2 Key frame editor. Gray boxes indicate when a technician 
has specified a position for a tooth at a particular stage of treat­
ment. Black lines denote periods of time over which a tooth will 
move between specified tooth positions. 

shape. The resulting sharp edges and folds in the model 
were fixed with a virtual wax, which could be stretched 
and deformed along with the motion of the teeth. The 
interp roximal regions were oddly shaped, and there was a 
sharp transition at the gingival margin. 

Initial ClinCheck models did not have the virtual wax; nev­
ertheless, the virtual models tended to be trimmed more 
anatomically correctly and smoothly after ClinCheck was in 
use. The virtual model was, however, still a series of 
whitish-gray teeth sitting over a horseshoe-shaped whitish­
gray approximation of the gingiva (which never changed 
shape) and was at a much lower level of detail than the 
model used for manufacturing the aligners. These models 
quickly earned the name "Stonehenge" for their striking 
resemblance to the monument (Fig 7-3). To make matters 
Worse, the virtual models ranged in size from 1 to 2 MB. 
These took a long time to download-between 4 and 10 

minutes for the connections typical at the time, at the end 
of which was a less-than-exciting virtual tooth model. 

FIG 7-3 The "Stonehenge" model. 

The next stage in the evolution of the ClinCheck and Treat 
models happened on two fronts: the models were made 
smaller, and the virtual gingiva model was added. The mod­
els were made smaller by creating a simpler description for 
teeth (this is described in more detail in the next section), 
which drastically reduced the size needed to store teeth. It 
also had the effect of smoothing out the rough, undesirable 
features of the raw virtual model. Furthermore, this simpler 
description was based on the highly detailed Treat model, 
which meant that not only did the models take up less 
space, but they were also more accurate than the previous 
ClinCheck models in most cases. 

The virtual gingiva was a flexible surface that was 
attached to each tooth and to a horseshoe-shaped "base." 
As the teeth moved, the surface deformed to follow the 
teeth. This behavior, along with its more realistic pinkish 
color, made the model presentable to a wider audience, 
including patients. The gingival model is described in more 
detail in the next section. 
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F1G 7-4 A virtual dental model. 

FIG 7-6 The surface is rich with grooves, ridges, and other features. 

Modeling 
After the impression has been scanned, a 3-D model is cre­
ated that looks very similar to a dental cast (Fig 7-4). This 
surface, like many surfaces found in 3-D computer graphics 
models, is composed of many small triangles (Fig 7-5). 
These triangles depict the surface of the virtual cast with a 
high degree of accuracy. The surface is also referred to as 
watertight, which is to say that the surface is closed and 
contains no holes. In the modeling step, the model is 
processed into a form that can be used to create an 
lnvisalign aligner. 

A virtual dental model that is appropriate for use in the 
lnvisalign process should satisfy two important criteria. First, 
the geometry of all tooth surfaces must be captured accu­
rately. Second, the gingiva must be modeled such that it 
responds to the motion of the teeth in a visually and clini­
cally acceptable way. Accuracy of the crowns is important for 
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FIG 7-5 The surface is composed of many small triangles. 

FIG 7-7 Potential crowns are highlighted in different colors. 

two reasons. First, a tight-fitting appliance can only be made 
from accurate geometry. Second, any inaccuracy in the shape 
of the teeth may produce planned motions that are not 
achievable in the patient's mouth, which can lead to compli­
cations during treatment. Root geometry should also be 
included, since evaluation of root position is standard prac­
tice at the end of treatment. The roots can also be used in 
the analysis of possible motions. 

To satisfy the first criterion, the single surface of the 
scanned data must be segmented into multiple surfaces, 
one surface per tooth. One way to create separate models 
of the teeth is to take the approach Kesling did in a dental 
laboratory: cut a stone dental model into several pieces with 
a small saw to create independent tooth models.1 While this 
approach could be more or less directly implemented using 
a computer system, more accurate and less labor-intensive 
approaches for segmenting the virtual model are possible 
and are necessary to create digital models in any quantity. 

◄ 



flG 7-8 A simple tooth model for an incisor. Arrows indicate an off­
set from an underlying basic kernel shape (solid line). 

A more refined approach takes advantage of the rich 
features of the surface of the virtual model (Fig 7-6), as 
embodied by lnvisalign's ToothShaper software. The sur­
face contains many grooves, ridges, and other features 
that indicate the boundaries between teeth and also 
between teeth and the gingival tissue. The approach first 
looks for high-curvature regions on the surface (ie, 
regions that are not flat), then connects these regions to 
fo rm lines of high curvature. For teeth, these lines connect 
into loops that surround each tooth. The surface contained 
within each loop is a possible tooth crown, which is dis­
played to the user in a different color (Fig 7-7). 

The crowns identified in this manner are incomplete. 
They are typically missing geometry in the interproximal 
regions where adjacent teeth contact each other in the 
patient's mouth, and no geometry is displayed below the 
gingival margin. The next step, therefore, is to complete 
the model of the tooth by creating the missing surfaces. 
There are two regions in which surfaces need to be added: 
on the crown region to create interproximal surfaces and 
below the crown to create a root surface. 

While having root geometry would be advantageous, 
most sources of dental models (ie, impressions and the 
dental casts created from them) do not have enough 
data from which to determine the shape of the roots. 
There are methods of creating approximate root data,14 
but it is the crown data that are most crucial to the 
lnvisalign process. If the model is limited to just crown 
data, a simple, short surface can be added below the 
gingival line to complete the model. This short surface is 
created such that it is parallel to the long axis of the 
tooth, which helps clarify the overall orientation of the 
tooth. 

INVISALIGN SOFTWARE 

FIG 7-9 A crown and the "best" generated surface. Red line 
denotes user-specified facial axis of the clinical crown. 

To create these missing surfaces, a simple model of 
tooth geometry is fit to the identified crown (Fig 7-8) . The 
model is a roughly cylindrical surface with its parameters 
in 8 and <p, where <p is the rotation angle around the long 
tooth axis, and 8 represents the parameter along that axis. 
The function F (8, qi) represents an offset (the arrows in 
the picture) from an underlying basic kernel shape (the 
solid line in the picture). Different incisor shapes are rep­
resented by changing the function F (ie, changing the off­
sets from the basic shape). The shape of this simple 
model is distorted such that it fits the crown data closely 
and also satisfies the following set of properties, which 
describe the "ideal" properties of the missing surfaces: 

• The reconstructed surface passes through (or fits to) the 
border of the scanned part of the crown. 

• The horizontal cross section in the root part approxi­
mately mirrors the crown cross section and shrinks 
toward the end of this "approximate root." 

• The surface varies smoothly, minimizing the overall cur­
vature. 

• The surface is approximately symmetric with respect to 
the tooth's vertical middle section. 

The tooth surface is created by representing the difference 
of these properties from the simple surface F (0, cp) as a 
mathematical "cost" function, and then finding the func­
tion F (0, cp) that minimizes the value of this "cost" func­
tion. This surface best matches the original crown data 
and satisfies these properties most closely (Fig 7-9). 

This surface may not be perfect, especially in the inter­
proximal regions. The ToothShaper application therefore 
provides an interface for shaping these regions. This tool 
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F1G 7-10 A tool in ToothShape_r that allows shaping of the interprox­
imal regions and the setup of accurate tooth-to-tooth contacts. 

(Fig 7-10) displays regions that are close to neighboring 
teeth or that contact them and allows a user to accurate­
ly shape the teeth in these regions. Photographs are often 
used as a reference for this operation. 

This method of describing tooth geometry does not fully 
capture all of the details of the tooth surface, but it does 
come very close. It also has a very small representation on 
disk that is very similar to those used in early versions of 
ClinCheck, which were reduced in size so they could be 
more quickly sent to clinicians. 

The final part of the model is the addition of a flexible 
gingiva model. Align chose a simple flexible surface model 
for lnvisalign. The base data consists of two items: a curve 
that lies on the tooth and represents the gingival line, and 
a curve that forms the perimeter of the base of the gingiva. 
The line on the tooth is derived from the boundary of the 
segmented crown. It is composed of a lingual half and a 
buccal half. The line on the base is formed by determining 
the intersection of the gingival geometry on the scan with 
a plane that is located below all of the crowns in the model. 

To form the gingival surface, the lingual curves are first 
connected into one continuous curve that forms the overall 
lingual gingival line. The lingual gingival line is then connect­
ed to the lingual part of the base by a surface patch. This 
process is repeated on the buccal side (Fig 7-11). As the 
teeth move during the virtual treatment plan, the surfaces of 
the gingival model change as the line on the tooth changes 
position with the tooth. This model has a relatively small 
description, and thus was ideal for quick transfer to the cli­
nician for viewing with ClinCheck. 
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FIG 7-11 Gingival model. 

Display of 3-D Models 
The rendering of computer-generated images of 3-D objects 
as 2-D representations started in 1960 when William Fetter 
used a plotter to create a series of images of a 3-D model 
of a human body that he was using to design an aircraft 
cockpit. A few years later, Ivan Sutherland's Sketchpad sys­
tem took these images to an early computer screen and 
made them interactive. In this early system, 3-D models 
were rendered as a series of lines that represented, very 
generally, the edges of the original object. Images created 
in this way were called vector graphics. 

In the 1970s, a new technology called the raster display 
was created and is now in use in virtually all computer 
systems. In this kind of display, images are represented by 
a grid of pixels that covers the screen. Pixels can be active 
(light) or inactive (dark), and in modern systems can take 
on a variety of colors when active. The process of render­
ing a 3-D object into a 2-D image thus involves determin­
ing which pixels correspond to the various parts of the 
object and coloring them appropriately. 

An image produced in this manner, however, is still 2-D. 
How do we perceive this image as a 3-D object? The 
human perceptual system relies on a set of cues to con­
vert a 2-D image into a 3-D conceptualization of the object 
represented by the image.17 Binocular vision allows us to 
integrate two different pictures, each seen with a different 
eye, to understand 3-D spatial relationships for objects 
that are relatively close. However, a desktop computer sys­
tem does not generally have the ability to present a dif-



.L 

ferent image to each eye, though specialized systems for 
doing this do exist. 

Certain features of a 2-D image can allow us to imagine 
a th ird dimension. Occlusion of one object by another in a 
z-D image suggests that one object is in front of the other. 
As in perspective drawings, the relative size of images that 
represent objects known to be similar in size suggests that 
one object is closer than the other. The shading of an image 
suggests a reflected light source, which can suggest what 
the object's 3-D shape might be. Perspective views of famil­
iar objects suggest an overall 3-D orientation of that object 
and its rough shape. 

Series of images taken of an object while it is moving 
make the 3-D relationships clearer. Images taken of an 
object in motion often show wildly varying occlusal rela­
tionships and shading, which makes the shape and rela­
tionships between objects in the image very clear. 
Changes in shading on moving objects can also suggest 
the 3-D shape of the object. Finally, parts of the object 
that are farther away appear to move more slowly than 
parts that are closer, further reinforcing the perception of 
depth to the object. 

lnvisalign's software renders images of the 3-D tooth 
and gingival models by determining the pixels that corre­
spond to each triangle in the model and coloring them 
appropriately. The base color of a triangle is determined 
by what the triangle represents-white for teeth and pink 
for gingiva. This process is further refined by applying a 
lighting model to the colors. The software defines the 
position, color, and intensity of a light in relation to the 
model. The color of each triangle is then modulated by the 
intensity of the light falling on it. 

The intensity of the light that falls on each triangle is 
computed through a comparison of the direction between 
the triangle and the light with the direction that the trian­
gle is facing (called the triangle normal direction) . When the 
triangle directly faces the light, the light intensity will be at 
its brightest. As the angle between the direction to the light 
and the triangle normal direction increases, the intensity of 
the light decreases. The intensity of the light can vary 
across the surface of the triangle. Computing this at each 
pixel that corresponds to the triangle would be very expen­
sive. Instead, this computation is performed at each vertex 
of the triangle, and the results are interpolated across the 
triangle. This technique is called Gouraud shading.18 

The rendering style used in the lnvisalign software has 
limitations. The teeth have a simple white color. Real teeth 
have a semitransparent outer layer that is difficult, but not 

F1G 7-12 Controls along the 
bottom of the window allow a 
user to control time. 
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impossible, to reproduce in real-time rendering. Also, the 
rendering method does not employ any shadows. The light­
ing computations are done independent of any objects 
located between the triangle being rendered and the light 
source, which would normally cause a shadow. Real-time 
shadow computations on complex models are difficult to 
perform. Thus, shadowing cues (similar to the shading cues 
discussed above) in the mouth that would provide depth 
and dimension to an image are not captured in the render­
ing of the virtual teeth. 

Final Setup and Staging 
After the virtual model is created, the movements of the 
separated teeth need to be specified throughout the 
treatment. lnvisalign's Treat software performs this func­
tion. The process of specifying tooth movements is bro­
ken into two steps: specifying the final position of the 
teeth and then specifying the paths that each tooth will 
take between its initial and final positions. 

The Treat software is similar to the ToothShaper soft­
ware, but adds a new dimension to the model: time. Time 
is expressed in units called stages, where one stage cor­
responds exactly to one lnvisalign appliance, and thus 
represents approximately 2 weeks of elapsed time based 
on wear times recommended by the company. On the Treat 
software display screen, time is expressed along the bot­
tom of the window as a slider bar with a set of VCR-like 
controls that allow time to be played forward and back• 
ward (Fig 7-12) . 

A technician uses the Treat software to arrange the teeth 
in their final position by moving each tooth individually to 
a new location. To do this, the technician clicks on a tooth 
to display a "widget" that allows the tooth to be moved 
(Fig 7-13). Clicking and dragging on any of the three axes 
(red, green, or blue) moves the tooth along the indicated 
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F1G 7-13 The interaction widget allows a user to move a tooth 
along or around any axis. 

axis. Clicking and dragging on any of the three circles (red, 
green, or blue) rotates the tooth around the intersection of 
the axes. Alternatively, an input device such as a SpaceBall 
allows for more direct control of the position and orienta­
tion of the selected tooth. The SpaceBall is essentially a 
computer mouse that responds to movements and rota­
tions in three dimensions. 

To help accurately set teeth into their final positions, 
Treat computes regions that are in "collision" or contact. 
Areas involved in the collision are shown in red (Fig 7-
14a). This visualization can help ensure that the contact 
between neighboring teeth in the same jaw is appropriate. 
Additionally, by not displaying one of the jaws, collisions 
on the occlusal surface can be observed to check for good 
occlusal contacts in the final position or any intermediate 
position (Fig 7-14b) . 

F1G 7-14 (a and b) Colliding surfaces are displayed in red. 
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Once a good final position is established, the technician 
goes through a process called staging to determine all of 
the intermediate positions of the teeth. The Stage Editor 
tool in Treat, which allows the technician to specify when 
each tooth in the jaw is moving, aids in this process. 
Stage numbers are listed vertically down the left side of 
the Stage Editor, and tooth numbers are listed horizontal­
ly across the top, forming a grid of cells (Fig 7-15) . 

A box in a cell in Stage Editor means that a tooth 
position has been specified by the technician (in this 
case, the initial and final positions for that tooth) for that 
particular stage. The line connecting the boxes signifies 
that the tooth will move between those two positions 
over the specified time period. Between those two posi­
tions, the tooth will move linearly (ie, it will move in a 
straight line, at a constant rate) . The tooth's orientation 
will also change at a constant rate. 

Stage Editor also allows the technician to analyze the 
movements created during the staging process. Tabs on 
the Stage Editor screen display movement distance per 
stage, plus the degree of space or "overlap" between 
teeth during each stage (Figs 7-16a to 16-d). The amount 
of movement per stage is a key component of the treat­
ment, as it directly relates to the amount of force placed 
on the teeth by the aligner. If the tooth is moved too 
quickly, high forces on the tooth will result, which is unde­
sirable. 

Two other functions of note are handled by the Treat 
software. The first is the placement of "attachments." 
Attachments are extra geometry added to the tooth 
model that is used clinically to increase the retention of 
the aligner on the tooth on which the attachment is 
placed. Treat allows a variety of attachment shapes to be 
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placed. (See chapters 9 and 10 for more information on 
attachments.) Not all (experimental) attachment types are 
commercially available, however. 

Another function of Treat is the modeling of interproxi­
mal enamel reduction (IPR). IPR is modeled in Treat by 
allowing teeth to overlap in the final stage of treatment. 
Clinically, it is the clin ician who will alter the shape of the 
tooth to achieve a good contact in the mouth. Stage 
Editor allows the technician to estimate the amount of IPR 
in real time while planning the treatment. 
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FIG 7-15 The Stage Editor tool. 
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FIG 7-16 (a to d) Stage Editor allows movements to be analyzed in detail. (a) 
Technician-supplied tooth positions and movements. (b) Movement of each tooth. (c) 
Contact between adjacent teeth. (d) Space between adjacent teeth . 

65 



SECTION II - MODELING IN THE INVISALIGN SYSTEM 

References 

1. Kesling H. Coordinating the predetermined pattern and tooth posi­
tioner with conventional treatment. Am J Orthod Oral Surg 1946; 
32:285-293. 

2. Sutherland I. Sketchpad: A Man-Machine Graphical Communication 
System [technical report 296]. Cambridge, MA: Massachusetts 
Institute of Technology, Lincoln Laboratory, 1963. 

3. Levoy M, Curless B, Goldman D, et al. Project to build a 3D fax 
machine. Available at: http://www-graphics.stanford.edu/projects/ 
faxing/. Accessed January 8, 2006. 

4. Ricketts R. The evolution of diagnosis to computerized cephalo­
metrics. J Dent Res 1969;55:795-803. 

5. Faber RD, Burstone CJ, Solonche DJ. Computerized interactive 
orthodontic treatment planning. J Dent Res 1978;73:36-46. 

6. Biggerstaff RH. Computerized diagnostic setups and simulations. 
Angle Orthod 1970;40:28-36. 

7. van der Linden FP, Boersma H, Zeiders T, Peters KA, Raaben JH. 
Three-dimensional analysis of dental casts by means of the opto­
com. J Dent Res 1972;51:1100. 

8. Laurendeau D, Guimond L, Poussdart D. A computer-vision tech­
nique for the acquisition and processing of 3-D profiles of dental 
imprints: An application in orthodontics. IEEE Transactions on 
Medical Imaging 1991;10:453-461. 

9. Kuroda T, Motohashi N, Tominaga R, Iwata K. Three-dimensional 
dental cast analyzing system using laser scanning. Am J Orthod 
Dentofacial Orthop 1996;110:365-369. 

66 

10. Motohashi N, Kuroda T. A 3D computer-aided design system 
applied to diagnosis and treatment planning in orthodontics and 
orthognathic surgery. Eur J Orthod 1999;21:263-27 4. 

11. Hassfeld S, MUhling J. Computer-assisted oral and maxillofacial sur­
gery-A review and an assessment of technology. Int J Oral 
Maxillofac Surg 2001;30:2-13. 

12. Mccance AM, Moss JP, Fright WR, et al. Three-dimensional analysis 
techniques-Part 4: Three-dimensional analysis of bone and soft tis­
sue to bone ratio of movements in 24 cleft palate patients follow­
ing Le Fort I osteotomy: A preliminary report. Cleft Palate Craniofac 
J 1997;34:58-62. 

13. Alcaiiiz M, Montserrat C, Grau V, Chinesta F, Ramon A, Albalat s. 
An advanced system for the simulation and planning of orthodon­
tic treatment. Med Image Anal 1998;2:61-77. 

14. Mah J, Sachdeva R. Computer-assisted orthodontic treatment: The 
SureSmile process. Am J Orthod Dentofacial Orthop 2001;120: 
85-87. 

15. Burtnyk N, Wein M. Computer-generated key-frame animation. J 
Soc Motion Picture Television Engineers 1971;8:149-153, 

16. Lin M, Manocha D, Cohen J, Gottschalk S. Collision detection: 
Algorithms and applications. In: Laumond J-P, Overmars M (eds). 
Algorithms for Robotics Motion and Manipulation. Wellesley, MA: AK 
Peters, 1996:129-142. 

17. Osterloh K, Redmer B, Ewert U. On human perception of 3D images. 
NDT [serial onine] 2004; 9(s). Available at: http://www.ndt.net/arti­
cle/ct2oo3/v26/v26.htm. Accessed February 15, 2006. 

18. Foley J, van Dam A, Feiner S, Hughes J. Computer Graphics: 
Principles and Practice, ed 2. Boston: Addison-Wesley, 1992. 



• 

chapter 8 

VIRTUAL DIAGNOSTIC SETUP 

by 
David Chenin, DDS and Kent Verdis 

67 



SECTION II - MODELING IN THE INVISALIGN SYSTEM 

Watercolor painting is a combination of intricately placed 
strokes and a synthesis of complementary colors. As the 
artist begins to paint with the end in mind, his or her men­
tal image of the living world is transferred onto blank can­
vas. Like painting, although much more complex, orthodon­
tic treatment requires one to develop an understanding of 
an in-depth mental image before any of the initial strokes of 
paint are applied. Comprehensive visualization and expres­
sion of one's objectives, therefore, is a critical step in the 
creation of the perfect occlusion. 

To that end, lnvisalign treatment is based on the patient 
records acquired by the clinician. Five different records are 
necessary to create a "virtual patient": impressions of the 
maxillary and mandibular dental arches, bite registration, 
intraoral and extraoral photographs, panoramic or full­
mouth series radiograph, and the prescription and diagno­
sis form. It is the clinician's responsibility to obtain high­
quality impressions and bite registration, along with com­
prehensive photographs and radiographs, and to devise a 
clear treatment plan for each patient. 

Align Technology converts these patient records into elec­
tronic data that can be used to create a three-dimensional 
(3-D) virtual treatment. To facilitate such conversion of 
patient records into clinically relevant electronic 3-D data, a 
series of software-driven steps is incorporated into the 
manufacturing process. These steps include scanning paper 
records, generating computed tomography (CT) images of 
the impressions, and preparing CT-scanned impressions. 
Once all the records have been digitized, they are sent to a 
dental technician, who performs additional steps-such as 
automated tooth segmentation, digital detailing, virtual gin­
giva creation, and automated occlusion-to prepare the 3-
D models for tooth movements, as part of the virtual 3-D 
treatment plan known as ClinCheck. 

Impressions 
The polyvinyl siloxane (PVS) impression is the basis of the 
3-D representation of a patient's dentition. In the clinical 
setting, the doctor takes an impression using PVS materi­
al with a plastic tray provided by Align Technology (Fig 
8-1). PVS is the material of choice because of its extreme 
accuracy, high dimensional stability, and widespread use 
in dentistry.1 The PVS impression is one of the most valu­
able of the records required for lnvisalign treatment (Fig 
8-2) . The main reason for its importance is because the 
accuracy of the PVS impression directly correlates to how 
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well the aligners fit. Impressions of the teeth are the raw 
data used to fabricate ClinCheck and aligners. Once Align 
Technology receives the PVS impressions, they are direct­
ly scanned by computerized tomography (CT) scanning 
machines (see chapter 6) . Although the dental arches are 
rendered as separate 3-D units, they are saved as a single 
electronic file without the teeth in an articulated relation­
ship. The 3-D data file is compressed and stored with the 
other virtual patient records for later use. 

Bite Registration 
Capture of accurate occlusal relationships is paramount in 
3-D dental software applications. An inaccurate starting 
point of treatment ensures an inaccurate result. If the 
occlusion at the start of treatment is correct, all of the 
movements performed to the final alignment will be accu­
rate. Along with the PVS impression, the treating clinician 
must also supply Align Technology with a PVS bite regis­
tration (Fig 8-3a). The lnvisalign virtual diagnostic setup 
does not employ the use of a virtual articulator at this 
time; hence, centric relation (CR) records are not used. 
Centric relation-centric occlusion (CO) shifts should be 
addressed prior to starting lnvisalign treatment. The bite 
registration recorded by the treating clinician in CO, oth­
erwise known as maximum intercuspation, is a full-arch, 
complete bite-through record (Fig 8-3b) . Digitization of 
the CO bite registration takes place via the same technol­
ogy used to acquire the impressions digitally (ie, CT scan­
ning) . 

Although the nature of how the patient's teeth fit 
together is stored in the bite registration , we will discuss 
how the actual anatomy of the patient's teeth is reliably 
used to re-create the CO bite relationship in most patients. 
In the lnvisalign manufacturing process, the bite registra­
tion is used only if additional anatomic information is 
needed. 

The primary method by which the CO is created is based 
on the geometry and shape of the occlusal surfaces of the 
teeth. An automated software tool (AutoBite) maximizes 
tooth-to-tooth interarch contacts through algorithms by 
matching corresponding tooth-surface contacts of the 
opposite arch (such as contact points and wear facets) 
into a maximum intercuspated position. As a result, the 
original nonoccluded maxillary and mandibular 3-D dental 
arches are moved virtually into an articulated CO relation­
ship. 
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FIG 8·1 Align Technology freely provides impression trays in vari­
ous sizes for use by the clinician. These trays are robust enough 
to prevent distortion of the impression material. Perforations pro­
vide adequate retention. 

FIG 8-3a Full-coverage PVS bi te registration must accompany the 
im pressions. 

Because of the high level of success achieved with the 
AutoBite software, bite registration to create CO is 
required for very few patients. In a small percentage of 
patients, AutoBite cannot find enough matching tooth sur­
faces where the teeth uniformly interdigitate in a consistent 
manner (such as a full cusp molar and canine Class Ill rela­
tionships). Because it is difficult to predict which cases will 
require PVS bite registration data, treating clinicians must 
supply it for all of their patients. However, CO is usually cre­
ated by executing Auto Bite based on the shape of the teeth 
themselves to occlude the models in 3-D space. This 
process yields highly accurate, consistent, and repeatable 
CO relationships.2 

VIRTUAL DIAGNOSTIC SETUP 

FIG 8-2 Detailed impressions of teeth are critical to lnvisalign 
treatment. 

F1G 8-3b Typical clinical appearance of a properly registered bite. 

Photographs 
Clinical photography supplied by the treating clinician is 
used for many steps in the manufacturing process. 
Photographs that are not supplied digitally in jpeg (file 
interchange format) are scanned by Align Technology via 
conventional document scanning devices and stored elec­
tronically. The eight photographs represented in Fig 8-4 
are required for lnvisalign treatment. 

These images are important for obtaining such addition­
al diagnostic information as a patient's symmetry, facial 
shape and balance, smile line, restorations, and condition 
of the dentition and surrounding structures. Such diagnos­
tic information should be interpreted and expressed 
through the clin ician's treatment objectives. 

In addition to the diagnostic value for the treating clini­
cian, photographs are used by Align Technology in sever-
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