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IMAGE-BASED ORTHODONTIC TREATMENT 
VIEWING SYSTEM 

[0001] The present invention relates to techniques for 
generating three dimensional (3D) graphics for orthodontic 
treatment. 

[0002] Conventionally, a 3D modeling and rendering pro 
cess is used for representing different vieWs of a 3D scene. 
The usual steps in constructing a 3D model include: loading 
an image or previous saved Work; displaying the image; 
identifying one or more object features in the image; ?nding 
the object features in 3D space; displaying a model of object 
features in 3D space; measuring lengths, distances and 
angles of the objects; and saving the Work. These steps can 
be repeated until satisfactory results are obtained. This 
process requires a great deal of user interaction and is 
time-consuming. The user has to construct detailed models 
(e.g., polygon or Wire frame) of the objects appearing in an 
image. 

[0003] Once 3D models are obtained, the models may be 
animated by varying them and displaying the varied models 
at a predetermined frame rate. HoWever, it is dif?cult to 
manipulate computer graphics representations of three-di 
mensional models, for example to rotate the object or “?y 
through” a scene. If many objects need to be displayed, or 
many surface textures need to be ?lled, the time required to 
compute neW vieWs can be prohibitive. The conventional 3D 
rendering process is thus compute intensive and also the 
rendering time depends on the complexity of the visible part 
of the scene. 

[0004] On another note, in many graphics applications, a 
special effect operation knoWn as “Warping” or “morphing” 
is used to gradually transform one image into another image. 
This is accomplished by creating a smooth transitional link 
betWeen the tWo images. Some computer programs, for 
example, use Warping to generate an animation sequence 
using the image transformations. Such an animation might, 
for example, shoW a ?rst person’s face transforming into a 
second person’s face. 

[0005] The Warping process preserves features associated 
With each image by mapping the features from a source 
image to corresponding features in a destination image. In 
particular, mesh Warping Warps a ?rst image into a second 
image using a point-to-point mapping from the ?rst image to 
the second image. A ?rst lattice (mesh) is superimposed on 
the ?rst image and second lattice is superimposed on the 
second image. For each point in the ?rst lattice, a one-to-one 
correspondence With a corresponding point in the second 
lattice is de?ned. Mesh Warping is generally described in 
George Wolberg, Digital Image Warping, IEEE Computer 
Society Press (1990). Variations on mesh Warping include a 
version in Which the user speci?es lines on the ?rst image 
corresponding to lines on the second image. 

[0006] Morphing is a name for animation sequences Which 
display gradual transformation. This concept has been used 
for transformations of 2 D images, 3 D polygons, and 
voxels. The morphing operation changes one picture to 
another by creating a smooth transitional link betWeen the 
tWo pictures. The process preserves features associated With 
each image by mapping the features from a source image to 
corresponding features in a destination image. Morphing 
couples image Warping With color interpolation. Image 
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Warping applies tWo dimensional geometric transformations 
on images to align their features geometrically, While color 
interpolation blends their colors. In this Way, a seamless 
transition from one picture to another is achieved. 

[0007] US. Pat. No. 6,268,846 discloses a computer 
implemented method that generates a neW vieW of a three 
dimensional scene by receiving three or more pictures 
representing three or more different vieW points on a plane, 
each picture taken from a vieWing direction perpendicular to 
the plane; selecting a neW point on the plane; and generating 
the neW vieW of the three dimensional scene from the neW 
point by morphing among the three or more pictures. 

[0008] US. Pat. No. 6,573,889 discloses a computer 
implemented system that performs a conformal Warp opera 
tion using a unique Warping function to map a ?rst area to 
a second area. The ?rst area is de?ned by a ?rst enclosing 
contour and the second area is de?ned by a second enclosing 
contour. The system de?nes the ?rst enclosing contour; 
modi?es the ?rst enclosing contour into the second enclos 
ing contour; generates an analytic function to conformally 
Warp the ?rst area into the second area; and performs the 
conformal Warp using the analytic function. The system does 
not require the user to de?ne mappings from individual 
points Within the ?st contour to individual points Within the 
second contour. Rather, the user needs to only specify the 
?rst and second contours and correspondences betWeen 
them. This increases the ease of use With Which the user can 
de?ne a mapping betWeen the ?rst and second images and 
also alloWs for a more uniform Warping Which preserves 
angles. 

SUMMARY 

[0009] Systems and methods are disclosed for visualiZing 
changes in a three dimensional (3D) model by receiving an 
initial 3D model for the patient; determining a target 3D 
model; and generating one or more intermediate 3D models 
by morphing one or more of the 3D models. 

[0010] In one embodiment, 3D geometry information is 
used to morph an untreated photograph of a patient into a 
photo realistic rendering of post-treatment vieW(s) of a 
patient’s teeth, face or organ based and predicted 3D geom 
etry after treatment. 

[0011] Advantages of the system include one or more of 
the folloWing. The system enables patients/doctors/dentists 
to be able to look at photorealistic rendering of the patient 
as they Would appear to be after treatment. In case of 
orthodontics for example, a patient Will be able to see What 
kind of smile he or she Would have after treatment. The 
system uses 3D morphing, Which is an improvement over 2 
D morphing since true 3D models are generated for all 
intermediate models. The resulting 3D intermediate object 
can be processed With an environmental model such as 
lighting, color, texture etc to realistically render the inter 
mediate stage. Camera vieWpoints can be changed and the 
3D models can render the intermediate object from any 
angle. The system permits the user to generate any desired 
3D vieW, if provided With a small number of appropriately 
chosen starting images. The system avoids the need for 3D 
shape modeling. System performance is enhanced because 
the morphing process requires less memory space, disk 
space and processing poWer than the 3D shape modeling 
process. The resulting 3D images are lifelike and visually 
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convincing because they are derived from images and not 
from geometric models. The system thus provides a poW 
erful and lasting impression, engages audiences and creates 
a sense of reality and credibility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs an exemplary visualiZation process 
for 3D animation using morphing. 

[0013] FIG. 2 shoWs an exemplary process for 3D mor 
phing in the 3D visualiZation process of FIG. 1. 

[0014] FIG. 3 shoWs a system for visualiZing 3D anima 
tion. 

[0015] FIG. 4 shoWs exemplary teeth before morphing. 

[0016] FIG. 5 shoWs an exemplary display of teeth after 
the 3D morphing process. 

DESCRIPTION 

[0017] FIG. 1 shoWs an exemplary process that uses 3D 
geometry information to morph an untreated photograph of 
a patient into a photo realistic rendering of post-treatment 
vieW(s) of a patient’s teeth, face or organ based and pre 
dicted 3D geometry after treatment. 

[0018] The process of FIG. 1 ?rst receives a 3 D face 
model for the patient and extracts environment information 
from the model (10). Next, a Virtual Treatment is designed 
(12). The process then predicts and generates a Post-Treat 
ment 3D Model/Environment using 3 D Morphing and 
previously generated Information (14). A photo realistic 
image is then rendered (16), and the predicted Post-Treat 
ment Photo can be vieWed (18). 

[0019] In the virtual treatment design (12), the system 
generates or otherWise obtains one or more treatment plans 
specifying the treatment process in Which the teeth are 
moved in order to perform the orthodontic treatment. The 
input to this process is the 3D geometry of the patient’s jaW 
and/ or teeth. In this process, a computer or computer opera 
tors design treatments for the patient. This treatment results 
in a predicted shape/position for the jaW and teeth in it after 
the orthodontic treatment has been applied. 

[0020] In the predicting and generating the 3D Post 
Treatment Model/Environment (14), the Treatment Design 
is combined With the 3 D Teeth/Face Model With texture, 
environment, shadoW, shading information in order to pre 
dict the 3D Post Treatment Teeth/JaW and/or face model 
Which Will include the changes in the 3D Geometry Position 
Texture Environment Shading and ShadoW of the face. 

[0021] Certain treatment design information such as hoW 
the teeth move during the orthodontic treatment and changes 
in the tooth movement can be used With the database on 
faces and teeth to determine hoW changes in a particular 
tooth position results in changes in the jaW and facial model. 
Since all data at this stage is 3 D data, the system can 
compute the impact of any tooth movement using true 3 D 
morphing of the facial model based on the prior knowledge 
of teeth and facial bone and tissue. In this manner, move 
ments in the jaW/teeth result in changes to the 3D model of 
the teeth and face. Techniques such as collision computation 
betWeen the jaW and the facial bone and tissue are used to 
calculate deformations on the face. The information is then 
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combined With curves and surfaces based smoothing algo 
rithms specialiZed for the 3D models and the database 
containing prior knowledge of faces to simulate the changes 
to the overall face due to localiZed changes in tooth position. 
The gradual changes in the teeth/face are visualiZed and 
computed using true 3D morphing. 

[0022] At this stage, the 3 D models and environmental 
information for the predicted post-treatment of facial and 
dental models are completed and the computed data can be 
sent to a photo realistic renderer for high quality rendering 
of the post-treatment teeth and/or face (16). The predicted 
post-treatment photo is then generated from the renderer 
(18). 
[0023] FIG. 2 shoWs an exemplary process for 3D mor 
phing. The process determines a ?nal 3 D model from an 
initial 3D model based on an Initial Facial Model and 
Treatment Plan (102). Next, the process ?nds feature points 
to map corresponding features on the Initial and Final 3D 
models (104). Based on the mapping, the process interpo 
lates betWeen the initial and ?nal models to determine 
intermediate 3 D models (106). The result is a photo realistic 
rendering of the patient’s jaW/teeth/face after the proposed 
treatment has been applied. 

[0024] The morphing operation gradually converts one 
graphical object into another graphical object. Morphing is 
used to affect both the shape and also the attributes of 
graphical objects. 3D morphing is the process in Which there 
is gradual transformation betWeen 3D objects. Using start 
and ?nal 3D models, a 3D morphing sequence is produced 
by interpolating these objects. For example, 3D objects are 
commonly represented using polyhedrons, i.e. vertices, 
edges, and faces. For these polyhedrons, the process results 
in a polyhedron sequence in Which each intermediate poly 
hedron looks more like the ?nal polyhedron and less like the 
start or beginning polyhedron. 

[0025] In one implementation, the process morphs 
betWeen objects described by a voxel representation. Mor 
phing can include changes in the 3D model including 
possibly deformations, changes in the 3D structure, surface 
properties, among others. The process can morph surface 
features such as change the color attributes gradually. The 
color morphing can be used in gradually shoWing the 
Whitening of teeth, for example. 

[0026] The feature mapping may include teeth or lips on 
the initial and ?nal models. Also, When using 3 D polyhedral 
representation, the process speci?es faces, edges, or vertices 
in each group. Alternatively, When using a voxel represen 
tation, appropriate voxels in each group are speci?ed. The 
group concept can also be applied to the morphing of surface 
properties such as the case as in teeth Whitening. 

[0027] In one implementation, pseudo-code for the 3D 
Morphing algorithm is folloWs: 

[0028] 1. Determine ?nal 3D Model using facial/teeth 
model based on the initial 3D model and the treatment 
plan and generate a ?nal 3D model based on the 
treatment plan. 

[0029] 2. Map features from initial 3D Model to the 
?nal 3D model. 

[0030] 3. Interpolate the 3D models at any step to 
determine the intermediate 3D model (true 3D Model). 

[0031] 4. Apply true 3D model for realistic rendering. 



US 2007/0141534 A1 

[0032] Turning noW to the generation of the patient 3D 
model (10), scanned information from various sources are 
combined to generate 3 D model(s) for the face and jaW and 
teeth of the patient before treatment (initial model). The 
process also obtains the information about the rendering 
environment (eg shadoWs and shading and color informa 
tion). The resulting detailed initial 3D model and rendering 
environment are stored for subsequent operations such as 
rendering/visualization as Well as collision determination, 
among others. The process also receives information about 
the Treatment Design specifying each tooth movement dur 
ing the orthodontic treatment. The information on the 
changes in the tooth movement are used in conjunction With 
information on the faces and teeth to determine hoW a 
change in the tooth position changes the overall vieW of the 
teeth in the jaW and in the soft tissue of the face and the rest 
of the facial model. This is done using a true 3 D model 
morphing. The 3 D data is used to compute the impact of any 
tooth movement using true 3 D morphing of the teeth/facial 
model based on previously determined teeth and facial 
model. 

[0033] Patient data can be generated through a color 3D 
scan of the patient’s face and can include other data such as 
X-Ray data and CT data, among others. Alternatively, a 
picture of the patient can be used With a generic face model 
and the operation 10 can texture map the picture onto the 3D 
face. The original 2D pictures are saved in the process to 
eventually provide surface texture, shadoW and shading 
information for the patient. The folloWing exemplary data, 
among others, can be collected: 

[0034] 3D scan image ofthe patient’s head/face. This is 
the hoW the patient currently looks before treatment 
such as data Which represents the soft tissue of the face. 

[0035] Untreated photo of the patient. 2D pictures are 
provided as input to texture mapping techniques and 
knoWn facial models to generate a facial model based 
on 2D pictures as a alternative to a 3D scan. 

[0036] 3D scans for of the jaW and teeth of the patient 
to provide information on the initial orientation of the 
jaW and teeth prior to the treatment. 

[0037] X-Rays for Bone and tissue information. 

[0038] Environmental information. This is used to 
obtain separate the color pigment information from the 
shading and shadoW information of the patient. 

[0039] The patient’s color pigments can be separated from 
shadoW/ shading in photo of the patient. The system gener 
ates initial environmental information by placing light 
sources at knoWn coordinates and using these coordinates as 
inputs to the system. Alternatively, lighting from many 
angles can be used so that there are no shadoWs and the 
system can subsequently incorporate lighting into the 3 D 
environment. 

[0040] In one implementation, the above data is combined 
to create a complete 3D model of the patient’s face using the 
Patient’s 3D Geometry, Texture, Environment Shading and 
ShadoW. The result is a true Hierarchy model With bone, 
teeth, gingival, joint information, muscles, soft tissue, skin. 
Missing data such as internal muscle can be added using a 
data base of knoWn facial models. 
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[0041] The result is the initial 3 D orthodontic and facial 
model With environmental information extracted. This gives 
the system the ability to change direction of the light sources 
and see changes in shading and the shadoWs. The arrange 
ment also provides thes the ability to extract the color of the 
patient skin. 

[0042] In one implementation of the generation of 3 D 
Face Model for the patient and extraction of environment, a 
true hierarchical face model With teeth, bone, joints, gingiva, 
muscle, soft tissue and skin. Changes in position/shape of 
one level of the hierarchy changes all dependent levels in the 
hierarchy. As an example a modi?cation in the jaW bone Will 
impact the muscle, soft tissue and skin. This includes 
changes in the gingiva. 

[0043] The process extrapolates missing data using prior 
knoWledge on the particular organ. For example, for missing 
data on a particular tooth, the system consults a database to 
estimate expected data for the tooth. For missing facial data, 
the system can check With a soft tissue database to estimate 
the muscle and internal tissue Which are extrapolated. 

[0044] The system also estimate the behavior of the organ 
based on its geometry and other model of the organ. An 
expert system computes the model of face and hoW the face 
should change if pressure is applied by moved teeth. In this 
manner, the impact of teeth movement on the face is 
determined. Changes in the gingival can also be determined 
using this model. 

[0045] In one implementation, geometry subdivision and 
tessellation are used. Based on changes in the face caused by 
changes in teeth position, at times it is required to sub divide 
the soft face tissue geometry for a more detailed/smooth 
rendering. At other times the level of detail needs to be 
reduced. The model uses prior information to achieve this. 
True 3 D morphing connects the initial and modi?ed geom 
etry for shoWing gradual changes in the face model. 

[0046] In certain applications that need the external 3 D 
model for the face and the 3 D model for the jaW/teeth as 
Well as internal model such as the inner side of the facial 
tissue, and muscle tissue, hole ?lling and hidden geometry 
prediction operations are performed on the organ. The 
internal information is required in these applications to 
model the impact of changes at various level of model 
hierarchy on the overall model. As an example, teeth move 
ment can impact facial soft tissue or bone movements. 
Hence, jaW movements can impact the muscles and the face. 
A database containing prior knoWledge can be used for 
generating the internal model information. 

[0047] In one implementation, gingiva prediction is done. 
The model recomputes the gingivas geometry based on 
changes in other parts of the facial model to determine hoW 
teeth movement impacts the gingiva. 

[0048] In another implementation, a texture based 3D 
geometry reconstruction is done. The actual face color/ 
pigment is stored as a texture. Since different parts of the 
facial skin can have different colorations, texture maps store 
colors corresponding to each position on the face 3D model. 

[0049] In another implementation, multiple cameras are 
used for photo geometry reconstruction. Multiple camera 
shots are used to generate the face geometry to produce a 
true 3 D model of the face. 
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[0050] An alternate to scanning the model is to have a 2D 
picture of patient. The process then maps point(s) on the 2D 
picture to a 3D model using prior information on typical sets 
of heads 3D (for example by applying texture mapping). The 
simulated 3D head is used for making the ?nal facial model. 

[0051] FIG. 3 shoWs another implementation of a 3D 
morphing system for treatment planning purposes. Initial 
untreated photograph of a patient are scanned (200). From 
the scan, patient 3D geometry is determined (202). Next, 
exemplary 3D data is determined, for example, the Patient’s 
3D Geometry Texture, Environment, Shading, and ShadoW 
(206). The output of 206 is combined With a treatment 
design or prescription (208) to arrive at a predicted Post 
Treatment 3D model With geometry, position, texture, envi 
ronment, shading, and shadoW, among others (210). The 
output is then rendered as a photo realistic output (212). The 
result can be used as predicted post-treatment photo (214). 

[0052] FIG. 4 shoWs exemplary teeth before morphing, 
While FIG. 5 shoWs an exemplary display of teeth after the 
3D morphing process. The system enables patients, doctors, 
dentists and other interested parties to vieW photorealistic 
rendering of expected appearances of patients after treat 
ment. In case of orthodontics for example, a patient can vieW 
his or her expected smile post-treatment. 

[0053] The system can also be used for other medical, 
surgical simulation systems. Thus, for plastic surgery appli 
cations, the system can shoW the before and after results of 
the procedure. In tooth Whitening applications, given an 
initial tooth color and given a target tooth color, the tooth 
surface color can be morphed to shoW changes in the tooth 
color and the impact on the patient face. The system can also 
be used to perform lip sync. The system can also perform 
face detection: depending of facial expression, a person can 
have multiple expressions on their face at different times and 
the model can simulate multiple expressions based on prior 
information and the multiple expressions can be compared 
to a scanned face for face detection. The system can also be 
applied to shoW Wound healing on the face through pro 
gressive morphing. Additionally, a groWth model based on a 
database of prior organ groWth information to predict hoW 
an organ Would be expected to groW and the groWth can be 
visualiZed using morphing. For example, a hair groWth 
model can shoW a person his or her expected appearance 
three to six months from the day of the haircut using one or 
more hair models. 

[0054] The techniques described here may be imple 
mented in hardWare or softWare, or a combination of the 
tWo. Preferably, the techniques are implemented in computer 
programs executing on programmable computers that each 
includes a processor, a storage medium readable by the 
processor (including volatile and nonvolatile memory and/or 
storage elements), and suitable input and output devices. 
Program code is applied to data entered using an input 
device to perform the functions described and to generate 
output information. The output information is applied to one 
or more output devices. 

[0055] One such computer system includes a CPU, a 
RAM, a ROM and an I/O controller coupled by a CPU bus. 
The U0 controller is also coupled by an I/O bus to input 
devices such as a keyboard and a mouse, and output devices 
such as a monitor. The U0 controller also drives an I/O 
interface Which in turn controls a removable disk drive such 
as a ?oppy disk, among others. 
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[0056] Variations are Within the scope of the folloWing 
claims. For example, instead of using a mouse as the input 
devices to the computer system, a pressure-sensitive pen or 
tablet may be used to generate the cursor position informa 
tion. Moreover, each program is preferably implemented in 
a high level procedural or object-oriented programming 
language to communicate With a computer system. HoW 
ever, the programs can be implemented in assembly or 
machine language, if desired. In any case, the language may 
be a compiled or interpreted language. 

[0057] Each such computer program is preferably stored 
on a storage medium or device (e. g., CD-ROM, hard disk or 
magnetic diskette) that is readable by a general or special 
purpose programmable computer for con?guring and oper 
ating the computer When the storage medium or device is 
read by the computer to perform the procedures described. 
The system also may be implemented as a computer-read 
able storage medium, con?gured With a computer program, 
Where the storage medium so con?gured causes a computer 
to operate in a speci?c and prede?ned manner. 

[0058] While the invention has been shoWn and described 
With reference to an embodiment thereof, those skilled in the 
art Will understand that the above and other changes in form 
and detail may be made Without departing from the spirit and 
scope of the folloWing claims. 

1. A method for visualiZing changes in a three dimen 
sional (3D) model, comprising: 

a. receiving an initial 3D model for the patient; 

b. determining a target 3D model; and 

c. generating one or more intermediate 3D models by 
morphing one or more of the 3D models. 

2. The method of claim 1, comprising extracting environ 
ment information from the model. 

3. The method of claim 1, comprising rendering one or 
more images of the model. 

4. The method of claim 1, Wherein the model is repre 
sented using one of: polyhedrons and voxels. 

5. The method of claim 1, Wherein the model is a patient 
model 

6. The method of claim 5, comprising generating a virtual 
treatment for the patient. 

7. The method of claim 5, comprising generating a 
post-treatment 3D model. 

8. The method of claim 5, comprising rendering an image 
of the model. 

9. The method of claim 1, comprising geometry subdi 
viding and tessellating the model. 

10. The method of claim 1, comprising generating an 
inside model of the 3D model. 

11. A visualiZation system, comprising: 

a. means for receiving an initial three dimensional (3D) 
model for the patient; 

b. means for determining a target 3D model; and 

c. means for generating one or more intermediate 3D 

models by morphing one or more of the 3D models. 
12. The system of claim 11, comprising means for extract 

ing environment information from the model. 
13. The system of claim 1, comprising means for render 

ing one or more images of the model. 
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14. The system of claim 11, wherein the model is repre- 18. The system of claim 15, comprising means for ren 
sented using one of: polyhedrons and Voxels. dering an image of the model. 

15. The system of claim 11, Wherein the model is a patient 19. The system of claim 11, comprising means for geom 
model etry subdividing and tessellating the model. 

16. The system of claim 15, comprising means for gen- 20. The system of claim 11, comprising means for gen 
erating a Virtual treatment for the patient. erating an inside model of the 3D model. 

17. The system of claim 15, comprising means for gen 
erating a post-treatment 3D model. * * * * * 


