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Abstract

An adoption of the industrial application related
to reverse engineering, computer numerical control
(CNC), and rapid prototyping has been made in
dentistry during the last couple of decades. Digital
technology has become increasingly involved in
dentistry to replace what were previously manual
tasks as well as in response to new biomaterials that
cannot be processed by the conventional methods.
The evolution of these technologies has led to a
perceptible impact on many dental disciplines,
including restorative dentistry. Accordingly, the
dental educational landscape has been and will

continue to be changed relative to dental education
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and patient care. Topics covered in most dental
journals nowadays include digital technology in
dental treatment. Laboratories are increasingly using
digital technology to fabricate restorations. Dental
schools start to embrace some digital dental
technologies in their undergraduate curricula or
design a separate course. To keep pace with these
ongoing changes, dentists require certain basic
knowledge if they are to benefit from these new
procedures. This article provides an overview of how

these technologies work.

Keywords: restorative dentistry, reverse engineering,

intraoral scanner, CAD/CAM, CNC, rapid prototyping
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Figure 1  Basic process of reverse engineering

2 WUU AD WUUTNISEUEE (contact scanner) hAZLUU

l3ifin1s&ur@ (non-contact scanner)

FunuuasUULAN SN
aunuluesuuuin1sdudan1deiain (probe)
indouluuiiying oradunuuyindnedle (manual) e
WUUSHTWTA 19U 1A3esTEuLEN (CMM, coordinate
measuring machine) Fiszuunalniadouriinluuy
'ﬁﬁmqﬁa?@ﬁﬁ’mﬁuawmuﬁuﬂa duuszneunanves
H8uBufl 3 du fe ln nalnipdeuiiTauas
Aeufinmesiivsynouetenduisiientunsin wln

o v o

It NIndian x, y, Wag z 1099nunisinfoulUunRn

o a

Fageuaudafidsld linadunesdrardiiludun
sUnswwesing deyamaiazgndwisludineuianes

q

[

' 1%
A 1 U I

WeruTunouse 9 U msalnuwuuiinsdudalglanu
fuirfudanszusinemosiaia yhlsithiseusiiagy
lianansaldaunuitedoluiin Sadldluiesufifing
TunnssudmMUaLNUm eI eu UL @Rty Foehs
YosawnuLes wuuinsdudanildlunaiunnssy
laun Procera” touch probe scanner Y83USYN Nobel

Biocare™ (gﬂﬁ 2) 8 DS10 contact scanner UDIUTEN



@y, VUAFNT 191 39 arTudl 2 2561

aunuilasLuYauaYaaUSYn lva lulauas

3‘1/17' 2

Figure 2 The Noble Biocare™ contact probe scanner

Renishaw auwnuiueshuuinisduiainnuuiugiuas
Augndee 9 Auawnuiueswuuliiinsduda®
Jaidausynisuilavesnisiiudeyauuuil Ae Tda

YrunIwuuliiinisduda wesannnistuiinfiineyia
1 < o w a (24)
aguduaInUNazyn 9

sunuaiuuy bifineduds
aunuuesuuuliinsduiaduiintdeyagunseing
TngnisnewasliuuinguasSunasagyounduaie
Qﬂﬂiiﬁ%ULLm (photoreceptor device) LASAZYIDUNAU
gnihanAwnnlugunsswesingiamaluladoendin
(optical technology) #i1¢ 9% IngwidenslUaziiaus
vnduveameluladivaril
1. ‘lwsLngLa%"u (Triangulation)
weluladifldszarseinaumdsiniauasiounas
Suuas (@sildnneil) yuseninsdnasnnsenuiy
wasazvipuuuiIInglunsAI AL sl

(%

A¥mg"” dwmsulnsuesgraduuuuudniin (active
triangulation) 18 uanawesdoslluuiningidosns
aunuuazl¥gunsalluastufindruasiiazsioundu
Muriaazsufinsyyidofiuszrinaumasiidauasuay

gUNIBlFULAHAIAT IR X, v, z V09YAT

CM Dent J Vol. 39 No. 2 2018

LALLALEBSINNSTENUUURITRO AN 18UINAS LN UL

9
a

(5U% 3) FBlazladnuuivingitazn eldiauu

niazaunuldaseunquituiaiomn ionung:
Fel¥auasifluuunny (pattern) UMUSLAILUUYA
Town wasuulunounsodudu (sheet or line) wan
wuufusa (stripe) Wudu® iledosuasiitiuuuuny
wieniannsznufuiaTag amildnnuasiasieundy
ausauninszveenulufiinvesgnsi o uuRo
vosimgsendnesinaddsuieiiu (Uil @)
aunuiuesludesun (intraoral scanner) ey
shevdnlnsuesniadu fio aunuiues CEREC Bluecam
fdldsmesaddthitudeduuuiiu Swesasiasiou
nduludsdusunmazgndamusunssvesitu Jadn
Auwaififagunssvesituls (U7 5) dw CEREC fu

v a

a1 Ao CEREC Omnicam Agndldnannisifeaiu

wadsuannisateamianduifdaduazaind
Usngilunmé

2. LLSﬂﬁWL’JWWiauﬁLL‘UNUg\i (Active Wavefront Sam-
pling)

uBnivhanslsoudusntds vie suidagLod
(AWS) Jumadianisadrsnnauiifsneiaudifen
(single-lens) fonfondniions (DFD, principle of
depth from defocus) dsasunglidnlalaie o fil
néesgenmilsverdndn (depth-of-field) Faszasiinin
vuandadnitn gafteguuszunluszesinitavinduiag
Usngidugedauudumesiuam mnideugaeenly
ognthmievdsioszerliia nmitusingazdunsnay
Wwae urugudnatseInaNUasIriivLIAfnty
AUANLNNIYRIIANTFUUINAE (focal plane) Szoy
Mngafananisfindesdunaliangas Wensu
YuaLdusugudnaernauiuae seeslniauas
aunirevammtinaud?” (Ul 6) usimslivannsi
futngiinsaanseiliAssnauuasdeuiuauen
uinsuenues Budtym Ao Anusuduitsluasmiu
oEjsauBNINY (off axis aperture) Ineusuituvsuidy
WNANTOULNUBBNAN (optical axis) AMMAzUTINGLTU



CM Dent J Vol. 39 No. 2 2018

T3, IUAENT 19 39 atiuy 2 2561 17
A 3
v -7 /
= /
- T B~
L e / .
\;\ghtso\.\‘ce /__{__/__’_:-—‘ ” ’/ O = angle formed
¥ , '«' between the
Baor /0 laser and detector
aselina /.0 R
P optical axes

4

Detector

unasanidaus

v o o

nanlnsueaglatua I UuAYIngvIna uasiazioulunnuuae Sun maedaumiensiauius iy

Schema of triangulation principle: The system projects light spot on an object’s surface, and measures the

position of the reflected light by a detector located in a known position with respect to the light emitter

(Modified from Sansoni G, Trebeschi M, Docchio F. State-of-the-art and applications of 3D imaging sensors in

industry, cultural heritage, medicine, and criminal investigation. Sensor 2009, 9:571.)
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Figure 4  Different light patterns used in structured-light scanners

(Modified from Pham DT, Hieu LC. Reverse engineering-hardware and software. In: Raja V, Fernandes KJ,

ed: Reverse engineering: an industrial perspective. London: Springer-Verlag, 2008: 33-69.)
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Figure 5 The CEREC scanner employs active triangulation

principle, in which a light stripe is projected on

an object.

In-focus plane  Lens Image Sensor

1

-

Lens Aperture
a
1
< ;Id O <«
T Defocus Blur
b Circle created

n by the Primary

Optical System
| 0

JUil 6 wannisvesdiani Ao amvesingiiagluszey
WAzazusngiiugnuuaaniv (a) dauingiiog
Inanselnasenlussusmgiiivanauvasyuin
LusgUEnauUsEunITEEEN 9 (b U c)

Figure 6  Principle of depth from defocus: In-focus point

object forms a point image (a). Near and far
objects form blur circles whose diameter vary
with distance (b and c respectively)

(Modified from Hong W. Light field applications
to 3-dimensional surface imaging. Bachelor of
Science (Mechanical Engineering). Massachu-

setts Institute of Technology, 2009.)
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Figure 7  Principle of active wavefront sampling. In-focus

point object remains stationary (a) while the
images of near and far objects are displaced
upwards and downwards respectively (b and c)
(Modified from Hong W. Light field applications
to 3-dimensional surface imaging. Bachelor of
Science (Mechanical Engineering). Massachu-

setts Institute of Technology, 2009.)

Ananvuduges JeyaduanudnAnnnlininuuin
ﬁuaa%’ﬁﬁaqﬂauﬁLﬁmmﬂﬂﬁmuﬁuaag@ﬂé’mdn (g‘dﬁ 7)
wpdansasenmadiannudnnshidenin udniin
nvivsousuaLUAS (Active wavefront sampling)®®
aunuweslugesuinfivhausiendnusniivion
WseuRusuUAAnAulaeUS T Brontes Technologies
Asloudndaiu Spuuamyiond avigenidni uazdu
SuavisvesuS®m 3M ESPE luvaned 2006 naneen
gl LAVA™ Chairside Intraoral Scanner
(€.0.8.) Tud A 2008% (U7l 8) uaziavudeidu
3M™ True Definition Scanner Lﬁ'awfﬁmﬂuj:uﬁ 2T
A.A. 2012 Us¥mgnAnsyyinduaunuiuesanuiiad
fenmduinvmidhundeuseiu



@y, VuAENT 191 39 atiudl 2 2561

aunusuas Lava COS lguannisvausniinian

Uil 8

WsousuaUAs uasaiaunniuesgnaainily
oszuuiaudlumnuueesunm windauiueglu
v iia szezaIngnaInaIvuiLazLyIAY
prwerlWiavesaud ungaeainarilulaeglu
5&'51!7UZW77027 FIUITOAIUINTLIEVINYUINYDY

WNAULUAD
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Figure 9 Basic set up of confocal microscopy. Light coming from the focal plane can pass through the pin hole in front

of the detector on a plane conjugate to the focal plane of the objective lens (a), whereas light coming from above

and below the focal plane cannot (b) and (c)

(Modified from Alberts B, Johnson A, Lewis J, Raff M, Roberts K, Walter P. Molecular biology of the cell. 5th

ed. New York: Garland Science; 2008:591.)
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Figure 10 The iTero scanner uses parallel confocal laser
scanning principle, in which the reflected beams
are led to a focal filter so that only images that
lie in the focal plane of the micro-lenses can
project on the sensor. To scan the whole object,
the micro-lenses are moved up and down, each
time projecting a part of the object onto the

sensor
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Figure 11 Schematic of a CAD model construction: scanning (a) to point cloud (b) and polygon mesh (c)
(Modified from Curless B, Levoy M. A volumetric method for building complex models from range images
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Figure 12 The scanned CAD model of a prepared tooth is used to design an inlay with the manufacturer’s design software
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(Modified from Liu OB, Leu MC, Schmitt SM. Rapid prototyping in dentistry: technology and application.
Int J Adv Manuf Techol 2006, 29(3-4): 317-335.)
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Digital treatment planning.

Oral rehabilitation of maxillofacial patients.
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Multidisciplinary approach to oral rehabilitation.
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Materials in oral rehabilitation.
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Case presentation.
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