
I 1111111111111111 11111 lllll lllll 111111111111111 1111111111 1111111111 11111111 

(12) United States Patent 
Chishti et al. 

(54) TEETH VIEWING SYSTEM 

(75) Inventors: Muhammad Ziaullah Khan Chishti, 
Sunnyvale; Phillips Alexander Benton, 
Mountain View, both of CA (US) 

(73) Assignee: Align Technology, Inc., Santa Clara, 

( *) Notice: 

CA(US) 

Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by O days. 

(21) Appl. No.: 09/313,290 

(22) Filed: May 13, 1999 

(51) Int. Cl.7 A61C 3/00 

(52) U.S. Cl. ............................. 433/24; 433/213; 433/215 

(58) Field of Search ............................... 433/24, 213, 215 

(56) 

3,660,900 
3,860,803 
4,755,139 
4,798,534 
4,856,991 
4,936,862 
5,011,405 
5,035,613 
5,055,039 
5,059,118 
5,139,419 
5,186,623 
5,273,429 
5,338,198 
5,340,309 
5,342,202 
5,368,478 
5,382,164 
5,395,238 
5,431,562 
5,447,432 
5,452,219 
5,454,717 

References Cited 

U.S. PATENT DOCUMENTS 

5/1972 Andrews ................................ 433/24 
1/1975 Levine .............................. 235/151.1 
7/1988 Abbatte et al. .......................... 433/6 
1/1989 Breads ..................................... 433/6 
8/1989 Breads et al. ............................ 433/6 
6/1990 Walker et al. ......................... 623/23 
4/1991 Lemchen .................................. 433/6 
7/1991 Breads et al. ............................ 433/6 

10/1991 Abbatte et al. ........................ 433/24 
10/1991 Breads et al. ............................ 433/6 
8/1992 Andreiko et al. ...................... 433/24 
2/1993 Breads et al. ............................ 433/6 

12/1993 Rekow ................................. 433/215 
8/1994 Wu et al. ............................. 433/213 
8/1994 Robertson .............................. 433/69 
8/1994 Deshayes ............................. 434/270 

11/1994 Andreiko et al. ...................... 433/24 
1/1995 Stern .................................... 433/223 
3/1995 Andreiko et al. ...................... 433/24 
7/1995 Andreiko et al. ...................... 433/24 
9/1995 Andreiko et al. ...................... 433/24 
9/1995 Dehoff et al. ................... 364/474.05 

10/1995 Andreiko et al. ...................... 433/24 

US006227850Bl 

(10) Patent No.: US 6,227,850 Bl 
May 8, 2001 (45) Date of Patent: 

5,474,448 
5,528,735 * 
5,533,895 
5,549,476 
5,587,912 
5,605,459 
5,607,305 
5,645,421 

12/1995 
6/1996 
7/1996 
8/1996 

12/1996 
2/1997 
3/1997 
7/1997 

Andreiko et al. ...................... 433/24 
Strasnick et al. .................... 395/127 
Andreiko et al. ...................... 433/24 
Stern .................................... 433/223 
Andersson et al. ............. 364/468.04 
Kuroda et al. ....................... 433/214 
Andersson et al. .................. 433/223 
Slootsky .................................. 433/6 

OTHER PUBLICATIONS 

Biostar Operation & Training Manual, Great Lakes Orth
odontics, Ltd. 199 Fire Tower Drive, Tonawanda, New York, 
14150---5890, 20 pgs. 
Chiappone, "cconstructingthe gnathologic setup and posi
tioner," J. Clin. Orthod., 1980, 14:121-133. 
Cottingham, "Gnathologic clear plastic positioner," 
Am.J.Orthod. 1969, 55:23-31. 
Cureton, "Correcting malaligned mandibular incisors with 
removable retainers," J.Clin. Orthod. 1996. 30:390-395. 
Elsasser, "Some oobservationson the history and uses of the 
Kesling positioner," Am. J. Orthod. 1950, 36:368-374. 
Kamada et al., "Case reports on tooth positioners with LTV 
vinyl silicone rubber and some case reports," J. Nihon 
University School of Dentistry 1982, 24(1):1-27. 
Kesling, "The philosophy of the tooth positioning appli
ance," Am. J. Orthod. Oral. Surg. 1945, 31(6):297-304. 
Kesling, "Coordinating the predetermined pattern and tooth 
positioner with conventional treatment," Am. J. Orthod. 
Oral. Surg. 1946, 32:285-293. 
Kleeman et al., "The speed positioner," J. Clin. Orthod. 
1996, 30:673-680. 

(List continued on next page.) 

Primary Examiner-John J. Wilson 
(74) Attorney, Agent, or Firm-Fish & Richardson P.C. 

(57) ABSTRACT 

A computer is used to create a plan for repositioning an 
orthodontic patient's teeth. The computer receives a digital 
data set representing the patient's teeth and uses the data sets 
to generate one or more orthodontic views of the patient's 
teeth. 

38 Claims, 6 Drawing Sheets 

Provide high resolution 

IDDS 

Convert data into quad 
edge data structure 

Remove unnecessary 
structurewltheraser 

Matching high 
resolution and low 

resolution components 

Place component in 
final position 

Align EX1024 
Align v. 3Shape 
IPR2022-00144

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 6,227,850 Bl 
Page 2 

OIBER PUBLICATIONS 

Kuroda et al., "Three---dimensinal dental cast analyzing 
system using laser scanning," Am. J. Orthod. Dentofac. 
Orthop. 1996 110:365-369. 
Nishiyama et al., "A new construction of tooth repositioner 
by LTV vinyl silicone rubber," J. Nihon Univ. School of 
Dentistry 1977. 19(2): 93-102. 
Nippon Dental Review, "New orthodontic device-dynamic 
positioner (D.P.)-1 Approach to the proposal of D.P. and 
transparent silicone rubber," 1980, 452:61-74. 
Nippon Dental Review, "New orthodontic device-dynamic 
positioner (D .P.)-11, Practice application and construction of 
D.P. and transparent silicone rubber," 1980, 454:107-130. 
Nipon Dental Review, "New orthodontic device-dynamic 
positioner (D.P.)-III, Case reports of reversed occlusion," 
457:146-164. 
Nippon Dental Review, "New orthodontic device-dynamic 
positioner (D.P.)-Case reports of reversed occlusion," 
1980,458: 112-129. 
Raintree Essix & ARS Materials, Inc., Raintree Essix, 
Technical Magazine Table of contents and Essix Appliances, 
httpz;//www.essix.com/magazine/dafault.html Aug. 13, 
1997, 7 pgs. 

Shilliday, "Minimizing finishing problems with the 
mini-positioner," Am J. Orthod. 1971, 59:596-599. 

Warunek et al., "Physical and mechanical properties of 
elastomers in orthodonic positioners," Am. J. Orthod. 
Dentofac. Orthop. 1989, 95:388-400. 

Wells, "Application of the positioner appliance in orth
odonic treatment" Am. J. Orthodont. 1970, 58:351-366. 

Lawrence F. Andrews, D.D.S., "The six to normal occlu
sion," Am. J. Orthod. 9/1972, 269-308. 

Lawrence F. Andrews, D.D.S., "Straight Wire, The Concept 
and Appliance," The Six Keys to Optimal Occlusion, 15-24. 

Kamada et al., "Construction of Tooth Positioners with LTV 
Vinyl Silicone Rubber and Some Case Reports," J. Nihon 
University School of Dentistry 3/1982, 24(1):1-26. 

Schroeder et al., "Algoritms I," The Visualization Toolkit 
chapter 6-9.9, 1996. 

Warunek et al., "Clinical Use of Silicone Elastomer Appli
ances," JCO 10/1989, 694-700. 

* cited by examiner 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent May 8, 2001 Sheet 1 of 6 US 6,227,850 Bl 

Digitize initial tooth 
arrangement to produce 

initial digital data set 
(IDDS) 

Manipulate IDDS to 
produce final digital 

data set (FDDS) 
corresponding to a 
desired final tooth 

arrangement 

Generate multiple 
intermediate digital data 

sets (INTDDS's) 
corresponding to 
successive tooth 

arrangements from 
initial to final 

Produce incremental 
position adjustment and 

appliances based on 
STDDS's and FDDS 

FIG._ 1 

100 

~ Obtain scan data for 
positive model of teeth 

102 

Obtain scan data for 

104 
negative model of teeth 

Construct two 
geometric models of 
teeth using scan data 

106 
Rotate one model to 
match other model 

Perform optimization to 
find best match 

108 

Combine matched 
points to form one data 

set 

FIG._2 

600 
Generate camera look 

from point 

602 
Generate camera look at 

point 

Generate camera up 
vector FIG._6 

300 

302 

304 

306 

308 

310 

~ 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent May 8, 2001 

Receive 3D image data 

Isolate tooth casting to 
be modeled 

Apply marching cubes 
algorithm 

Perform smoothing 
operation 

Apply decimation 
algorithm 

Calculate error 

Store previous mesh as 
tooth model 

FIG._3 

400 

401 

402 

404 

406 

408 

412 

Sheet 2 of 6 US 6,227,850 Bl 

Provide high resolution 
IDDS 

Create lower resolution 
IDDS 

Convert data into quad 
edge data structure 

Remove unnecessary 
structure with eraser 

tool 

Divide data sets into 
independently moveable 
components with saw 

tool 

Identify separate 
components 

Matching high 
resolution and low 

resolution components 

Place component in 
final position 

FIG._4 

500 

502 

506 

508 

510 

512 

514 

516 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent May 8, 2001 Sheet 3 of 6 US 6,227,850 Bl 

, .. ,-- 2018 

i \ 
'I ' 

I '"-20"12 "-_ 2008 
\.2016 

/ 

U.S. Patent May8,2001 Sheet 3 of 6 US 6,227,850 B1

 
[QR] mee [Bigg TE Be

A

20T8 
 

ets

FIG.3

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


