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| ABSTRACT

BACKGROUND

Nowadays, the use of computer aided design / computer aided manufacturing (CAD
/ CAM) in fabricating indirect restoration such as onlay, crown and bridge has
increased tremendously. However, there is lack of clinical information and evidence
on current material and fabrication techniques of CAD / CAM post and core. This
paper describes the classification of the post and core system and review current
perspectives on recent development of CAD / CAM post and core.

An electronic search of the literature was performed via PubMed and Scopus
database, using the keyword (post and core) and (CAD / CAM) and (CAD / CAM post
and core) as MeSH term. Articles eligible for inclusion in the present review were
published in English, journal article and dated from January 2000 until November
2020.

A total of 31 publications consisting of 18 in-vitro studies, 7 case reports, 4 finite
element analysis and 2 clinical techniques were included in this review. Analysis
parameters included are options of chairside CAD / CAM materials, CAD / CAM
system and milling machine used, advantages and disadvantages and future direction
of CAD / CAM post and core. CAD /CAM post and core can be alternative option as
compared to the custom-made post and core and prefabricated post and core.
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BACKGROUND

Topics on restoration of endodontically treated teeth always
remains controversial in numerous perspectives. It is
commonly associated with issues of restoring pulp less teeth
with or without post. The placement of post has been regarded
as a technique for reinforcing a pulp less tooth ages ago,
however recent study has shown that unnecessary placement
of post may weaken the tooth rather than reinforcing it.1 The
main purpose of a post is to retain a core. Placement of post is
required when there is extensive loss of coronal tooth
structure following endodontic treatment, prior to definitive
restorative treatment. However, it is important to note that not
all endodontic cases need a post.23 Justification of the need of
post and core and selection of the appropriate post and core
system is based on clinical judgement. Procedural errors can
occur during post space preparation or during post placement
which can increase the possibility of treatment failure.

Ideal Characteristic of Post

The ideal post system should provide core retention without
creating undesirable stresses in remaining tooth structure.4 A
post should have high tensile strength, high fatigue resistance
to occlusal and shear loading and must be able to distribute
force to the affecting tooth.5 Other fundamental requirements
include biocompatibility, precise and harmless electro
chemical activity.6 Besides, it is recommended that post length
must be at least equivalent to the crown height or two-third of
the root length to help in stress distribution and to provide
resistance to occlusal forces? or aesthetically challenging case
especially when involving anterior teeth, it is valuable to have
post that has similar or comparable optical properties as
natural teeth.5

Classification of Post and Core

There are many classifications of post. Figure 1 illustrates the
classification of post and core but for this paper, it will be
discussed by material composition and are subdivided as
custom made post and prefabricated post (Fig. 1).

Custom Made Post and Core

Custom-made cast posts and cores are indicated when there is
extensive loss of tooth structure. It is also indicated for wide,
non-circular, oval or extremely tapered canal where the
cylindrical prefabricated posts may not achieve intimate and
adequate adaptation of the post to the canal which can
compromise the retention of the post.8-19 The cast gold post
and core has been considered the gold standard due to its
excellent success rate, favourable long-term prognosis,
superior mechanical strength and ease of fabrication.11-14
Other options available for custom made post and core are
cobalt-chromium (Co-Cr) or Nickel-chromium (Ni-Cr).
Although Ni-Cr is one of the cheaper option when compared to
gold, a previous study showed that Ni-Cr posts were
associated with highest stress values within dentin especially
in post-dentin interface area as it is stiffer when compared to
teeth.15 Nevertheless, one study claimed that Ni-Cr produced
less bending of post and core under load with better stress
distribution to the root with acceptable clinical longevity.16
Hypothetically, metal custom made post and core are more
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conservative to tooth structure since it is designed to conform
with the shape of root canal as well as to provide maximum
retention of coronal restoration.1l However, although it can be
tailored to various shapes of the root canal, the drawback is
mainly due to significant difference in modulus of elasticity
between metal alloys and dentine which create non-
homogenous stress in root dentine and around the post which
results in separation of the post. This can cause catastrophic
root fracture due to excessive functional stress concentration
around the post.1317 Another drawback of custom-made metal
post is that it may create discoloration and a blue-grey effect
in case of thin bone and thin gingival tissue. In addition, with
several translucent ceramic crown systems available now,
there is concern on how the shade of the post and core as
abutment affects the definitive shade of the final restoration. A
recent study has shown that the underlying core colour may
affect the definitive result for a ceramic crown with high
translucency and when the crown thickness is of less than 1.6
mm.6

Prefabricated Post and Core

Other alternative to custom made metal post and core is
prefabricated post and core. The use of prefabricated post
requires custom made build-ups with amalgam or composite
resin. It is indicated for tooth with round shaped canals and
adequate bulk of the dentinal walls, where the post can have
intimate adaptation to the prepared canal. Prefabricated posts
are available in different materials such as metal, composite
resin or ceramic. The development of tooth-coloured posts has
improved the aesthetics of teeth restored with posts and
cores.18 Prefabricated post and core requires preparation of
the root canal to the size and shape of the post.8 However, it
does not take into consideration the individual shape of the
root canal, thus the adaptation is not always ideal. It requires
more dentin removal while preparing the tooth, thus it can
compromise fracture resistance as well as retention of the
post. Small, tapered roots, such as maxillary lateral incisors or
mandibular incisors may be weakened if prepared to fit the
post. In addition, when the prefabricated post and core are
made from two separate entities, the flexion of the post under
functional forces may influence the post-core interface which
can result in separation of the core and permanent
deformation of post. Nevertheless, the prefabricated posts
with core restorations can simplify restorative procedures,
decrease chair time, while achieving clinical success.619
Recently, there is an alternative approach apart from
prefabricated post systems and conventional custom-made
metal posts and cores. The advance of the computer-aided
design / computer-aided manufacturing (CAD / CAM)
technology in the field of dentistry has brought innovative
solution in fabricating the post and core. Therefore, the
purpose of this review is to provide an overview of CAD / CAM
post and core in the current literature.

METHODS

An electronic search of literature was performed via PubMed
database, using the keyword (post and core) AND (CAD /CAM)
AND (CAD /CAM post and core) as MeSH term. A total of 160
titles from PubMed and 131 titles from Scopus were identified.
Articles eligible for inclusion in the present review were
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published in English, journal article and dated from January
2000 until November 2020. Figure 2 shows the review
identification and screening process. The titles and abstract of
all papers were carefully appraised to remove duplicate
articles and articles that were outside the scope of this review.
The papers were excluded if their main focus was on CAD/
CAM endocrown, crown, implant, veneer, not used milling
machine as type of manufacturing or if they did not include
CAD / CAM post and core. If the focus of the paper could not be
determined accurately from the title or abstract, the full text
article was studied. Additionally, any relevant dental journals
from website were explored in the search for in press papers.

Review Article

RESULTS

Overview on Current Perspectives, Recent
Development and Research of CAD / CAM Post
and Core

Following review identification and screening process, 34
articles were retained, and the full article was identified. After
further reading, three articles were excluded leaving a total of
31 publications which consist of 18 in vitro studies, 7 case
reports, 3 finite element analysis and 2 clinical techniques.

SI.  Author ) CAD / CAM
Title Type
No. (Year) System
P lietal Effect of half-digital workflows on Scanner: Ceramill Map 400; Amann Girrbach
1 erzugg Olzeo " theadaptation of customized CAD  In-vitro AG Milling machine: Ceramill Motion 2;
: - CAM composite postand cores Amann Girrbach AG)
Fabrication of custom post-and A :
Farah, Aloraini etal. coreusing adirectly fabricated Clinical SC‘?“.“"“ Amm AL_ltoscan,KaVo Cetmany
2 e . 3 Milling machine: inLab MCX5; Dentsply
202021 silicone pattern and digital techniques N
Sirona Inc,; York, PA.
workflow
; . CAD / CAM customized glass fiber Scanner: Trios, 3shape intraoral scanner
3 Libonat, Di Ta'xfanto post and core with digital intraoral Casereport Milling machine: Roland DWX - 50, Irvine, CA,
etal. 20202 ) -
impression: a case report USA.
chm:]e. belhawoul:;t;ifma;qlla:y Scanner: BlueCam scanner (inEos
Pang Fengetal central incisors with flared root Blue Sirona Dental Systems, Germany)
4 " canalsrestored with CAD /CAM  In-vitro = . !
201910 R A — Milling machine: DeRTe DT - 500, DeRTe
=t s oerpo (DLT (Guangzhou, China)
Astudy on stress distribution to
de Andrade,Jodo- cementlayer and root dentin for Finite
post and cores made of CAD
5 Paulo - Mendes - S element NA
Tribst etal. 2019 2 /CAM materials with different analysis
) elasticity modulus in the absence
offerrule
Effect of fabrication technique and
. thermal cycling on the bond . . -
6. E lz(gll(ggft & strength of CAD / CAM miilled Invitro Scanne&f;ﬂ?::‘&?;gg?ﬁMmmg
custom fitanatomical postand ’
cores: an in vitro study.
Influence of adaptation and
Fid, Azzam etal. adhesion on the retention of Scannar: Imetric 1041, Imetric 3D,
7. ’ 20192 ) computer - aided design / Invitro  Courtenay, Switzerland Milling machine: D5,
computer - aided manufacturing Datron, Darmstadt, Germany
glass fiber posts to root canal
Evaluating facture resistance and Scanner: 3D Ceramill Map 300 scanner
8 Alkhatri,Salehetal. failure modes of root filled teeth Invito (Amann Girrbach AG) Milling machine:
’ 2019% restored with CAD / CAM - *Ceramill Motion 2 (Amann Girrbach AG)
Fabricated postand core #Galaxy BioMill, (Biolase, USA)
Scanner: BlueCam scanner (inEos Blue,
] Surface treatment effects on bond - P
9. Oguz,Egilmezetal. strength of CAD /CAM febricated  Invitro Slrorlla D.emal Systems, Germany) Milling
201977 X machine: inLab MCXL, Dentsply Sirona Inc;
posts to root canal dentin York PA.
Fracture resistance and failure
pattern of endodontically treated . .
Eid, Juloskietal.  teethrestored with computer - ) _Scanner. ln"fe!:nc 1041{ Courtenay,
10. N . . Invitro Switzerland Milling Machine: Datron D5,
201928 aided design / computer - aided /A, DSt (S zriveny)
manufacturing postand cores: A ’ V)
Pilot Study
Effect ofrestoranon techniqueon Scanner: Ceramill map400, (Amann
Borzangy,Saker et resistance to fracture of . . . X . .
11 . : Invitro  Girrbach) Milling machine: Ceramill Motion 2
al.2019% endodontically treated anterior 5X, Amann Girrbach)
teeth with flared root canals ’
Moustanha Scanner: Intraoral scanner: Trios, 3shape)
12 AlShvtllainE)i et, a] Marginal and internal fit of CAD / Invitro Laboratory scanner: Imetric 1041,
’ 2019% . CAM fiber postand cores Courtenay, Switzerland Milling machine:
Datron D5, Datron, Germany
Spina, da Costactal Scanning of root canal impression I;lrg];ﬂml Scanner: Ceramill Map400; Amann Girrbach
13, >Pn@ 281331 * for the fabrication of aresin CAD - tZVchni z‘g / AG Milling machine: Ceramill Motion 2;
CAM - customized postand core q Amann Girrbach AG
Case report
Tl El'feds of scanning technique onin ) Scanner: inEos s'canner (SH'O]"IE, Bensheim,
14. etal201g®  Vitro performance of CAD /CAM-  Invitro Germany). Milling machine: inLab MCXL
. fabricated fiber posts CAD /CAM milling unit (Sirona)
. Effect of surface treatments on the . .
15, Garcia, da Costaet bond strength of CAD /CAM In-vitro S@gner. Cera‘mlll Smnn‘er map400, Ausma
al® Milling machine: Ceramill Motion 2, Austria
fiberglass posts
Effect of CAD / CAM glass fiber
daCosta, Freire et post-core on cement Scanner: Ceramill Map 400; Amann Girrbach
16. 2120173 micromorphologyand fracture  Invitro AG Milling machine: Ceramill Motion 2;
) resistance of endodontically Amann Girrbach AG
treated roots

CAD / CAM Data and/or
Materials Comments from Author
Adaptation of metal postand cores is superior compared to CAD -
BravaBlock; FGM CAM composite resin post and cores. However, CAD - CAM

composite resin postand cores had clinically acceptable range in
terms of adaptation.

This report presents a technique for construction of CAD / CAM
postand core using polyvinyl siloxane (PVS) occlusal registration
material, followed by a digital workflow.

CAD / CAM wax disc author suggested
thatany CAD / CAM material can be used
depending on clinical need and material
availability.

The author prepared the post space up to 9 mm in depth prior
scanning using the intraoral digital scanner (Trios, 3Shape). He also
suggested that due to nature and geometry of the postand core,
slower and low stress milling machine was used to reduce error
and vibrations.

Theauthor concluded that CAD / CAM integrated glass fiber post
and core restoration significantly improves the fracture resistance

Trilor (Bioloren, Saronno, Italy)

glExpefri‘lgn enta;tCAg/ v integr(zz)t;i\ as compared to prefabricated fiber postand cast gold alloy post.
Rl;f; N:\;pl\(/)[at:lr: alcs.;ll"e&BT ech. Beiiin Composition of experimental CAD / CAM block: “anew type of
China) ) ne epoxy matrix glass fiber resin block made by pultrusion moulding,

containing 62 % volume fiber component and highly crosslinked
polymer molecules”

Nanoceramicresin (Lava Ultimate, 3M

ESPE, USA) Composite resin (Paradigm

MZ10,3M ESPE, USA) Hybrid ceramic  This study involves postand cores made of six different CAD / CAM

(Enamic, VITA Zahnfabrik, Germany materials. Stress distribution in dentin was similar for all group
Lithium disilicate (e - max CAD, Ivoclar regardless of post and core material. However, stress concentration|
Vivadent) Titanium (Ti- Al6-V4)and  inthe cementline between post and dentin were slightly higher in
tetragonal zirconia polycrystalline zirconia postand core.
stabilized by yttria (Y - TZP, VITA Zahn
Fabrik)

This study used computerized microtomography (microCT) to
investigate the voids and to determine the cement thickness
between prefabricated and CAD / CAM post and core. The authors
concluded that cement thickness was thinner with increased
retention noted at CAD / CAM posts and cores.

Theauthors concluded that the use of customized CAD / CAM fiber
reinforced composite posts have a positive effect on the bond
strength to root canal walls in comparison to prefabricated fiber
posts.

*Ceramil wax block was used to fabricate This study used different milling machines for different CAD /CAM
metal (nickel-chromealloypostand  block. Ceramil wax block and zirconia were milled using Ceramill
core) *Zirconia (Ceramil ZI, Amann Motion 2 while 10 PICN was milled using Galaxy BioMill. The
Girrbach AG) #10 PICN (Vident, Brea,CA, authors concluded that there was no significant difference in the
USA) fracture resistance between metal, zirconia and PINC post and core|

Cerasmart (GC America) Enamic, VITA  Micro push-out bond strength of posts to dentin was significantly
Zahnfabrik, Germany) Lava Ultimate, 3M affected by the type of post material but not by the surface
Germany). treatment such aslaser, hydrofluoric acid or sandblasting.

Trilor (Bioloren, Saronno, Italy)
‘Ambarino (Creamed, Marburg,Germany)

Trilor (Bioloren, Saronno, Italy)

All systems evaluated (prefabricated fiber post and one-pieces
milled CAD / CAM postand core) offered adequate mean load to
failure values for restoration of endodontically treated tooth.
However, one-pieces high- density polymer CAD / CAM post and
cores showed better performance than prefabricated fiber posts.

Trilor, Bioloren (AMCItaly) Ambarino®
High Class (Germany)

This study tested fiber reinforced composite resin, cast post and
core, CAD / CAM polymer-infiltered ceramic post and core in wide
root canal. They concluded that one-piece CAM / CAM postand
core can be an alternative either glass fiber post relined with
composite resin.

The study concluded that direct digitalization using Trios 3 showed
better adaptation when compared to indirect digitalization. For
future research, the author suggests to investigate the pre and post
cementation cement thickness in relation to postand core.

Hybrid ceramic VITA Enamic Zahnfabrik,
(Germany)

Trilor, Bioloren (AMC, Italy)

Lava Ultimate
(3M, Germany)

This case report describes clinical technique using direct polyvinyl
siloxane impression to fabricate post and core.

Scanning of postand core space was done either using direct
scanning of the post space (DS), scanning of a polyether impression
of'the postspace (IS) or scanning of a plaster model of the post
space (MS). They concluded that post retention was better for posts|
fabricated by DS technique while cement thickness was thicker in
the MS group compare to DSand IS.

Different surface treatments (using ethanol, hydrogen peroxide,
ethanol and silane and hydrogen peroxide and silane did not

Experimental fiber - reinforced
composite blocks (RTD, France)

Experimental block of glass fiber and

epoxyresin interfere in bond strength on experimental CAD / CAM block.
Experimental CAD / CAM glass fiber post and core helps in reducing
Experimental block CAM / CAM void and cement film thickness and does not affect the fracture
customized glass-fiber reinforced strength of flared root canals or causes catastrophic failure of the

root.
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CAD / CAM post and core using VITA Enamic, Zahnfabrik, (Germany) ~ All three CAD / CAM materials offer excellent adaptation, good
17 Gonzagaand different aesthetic materials: In-vitre Scanner: Ceramill Map 4004Milling Machine: Lava Ultimate (3M, Germany) aesthetic with good optical properties, good performance in relative
: Correr,20173% Fracture resistance and bond n-viro Motion 29; Amann Girrbach AG Experimental epoxy fiber reinforced  to fracture resistance to be used as alternative material of post and
strengths block CAM / CAM core.
The authors concluded that CAD / CAM - fabricated fiber posts
Performance of CAD / CAM . s achieved s(ligm('icam‘l);J ?lgher reuem;lm than plrlefabncateld fiber
Ttz s (Hoverieil frangassinet Scanner: inEos 4.2 scanner (Denstply, Sirona) posts and comparable to cast metal posts. The cementlayer
18. ¢ R Invitro Milling Machine: inLab MCXL (Dentsply,  Experimental CAD / CAM fiberblocks - thickness of CAD / CAM was lower than prefabricated fiber post but]
etal. 201736 shaped root canals: An in vitro N X .
sy Sirona) higher than that around cast metal posts. No differences on nano
leakage between CAD / CAM fabricated and prefabricated fiber
posts, but significantly lower in cast metal posts
This study was to compare the fracture resistance of Co-Cr post and|
Comparison of fracture resistance Scanner: D810, 3Shape A /S, Copenhagen, cores fabricated with 3 different techniques: traditional casting (TC),
19 Bilgin, Erdemetal. between cast, CAD / CAM milling, Invitro Denmar.k M i]li;l mal;hine- I:lS sz 0 liiiar' Co-Crblock (Coprabond K, WhitePeaks, CAD / CAM milling (CCM) and direct metal laser sintering (DMLS).
: 2016% and direct metal laser sintering DMgG G - ! Germany) The authors concluded that posts fabricated by CCM displayed
metal post systems , ermany higher fracture resistance while posts fabricated by TC and DMLS
performed similarly in terms of fracture resistance.
I e T This case series illustrated the fabrication of one endocrown and
Gtilnahar, Soygun et N g . Scanner and milling machine: Dental Wings, ,,. . . . onezirconia post and core even though the current available CAD /
20 al.20163 il pos::o;:;ystem. C=2 Erongi Montreal, Canada Moo d izl Siss i) CAM systems are not programmed for fabrication of post and core
P restorations.
This study evaluated and compared the fracture strengths of post
Effect of 1-piece post and core and core produced with different fabrication techniques; lost-wax
Kalyoncuoglu, Ural rectol L-plece . Scanner and milling machine: CEREC 3, . . . technique and CAM / CAM, laser sintered for metal and CAM / CAM|
21 fabrication techniqueson fracture  In-vitro N Zirconium oxide post-core o . .
etal. 2015% strength Sirona, Germany for zirconia. The authors concluded that zirconia posts and cores
o showed highest fracture resistance and can be an alternative to the
custom-made 1-piece postand core technique.
This study investigates the stress distribution in a maxillary canine
Chen, Fengetal. distribution in four different CAD / CAMzirconia CAD / CAM glass " ) ! 80
22. 20154 endodonticpost msina element NA fiber differentlevels of alveolar bone loss. The authors concluded that
moc{)el canxme analysis CAD / CAM zirconia post system is the best options as it produced
thelowest maximum von Mises stress in the dentin layer as
compared to glass fiber post.
. . The study concludes that maximal von Mises stress was
Finite element a_nalySlS fostudy Finite significantly affected by bone level, rather than by dentin thickness.
Chen,Fengetal.  the effects ofusing CAD / CAM
23. . element NA CAD / CAM glass fiber Italso suggested that CAD / CAM glass fiber post system may be an
20154 glass-fiber post systemina . - : .
: analysis alternative treatment for a severely damaged anterior tooth with
severely damaged anterior tooth
2/3 ofbonelevel.
Anovel computer-aided method This paper discusses on novel technique in fabrication of post and
to fabricate a custom one-piece Scanner: Activity 102; Smart Optics, Bochum, . core using 107 dowel impression scanning and dlinical standard
24. Chenetal. 2014%2 glassfiber doweland corebased Casereport —Germany Milling machine: HSC 20 linear, Chssilizzs bl%cel;si (Ouc}}?;L:)lmn (el crown preparation data. The authors also reported two successful
on digitized impression and DMG, Seebach, Germany yng clinical cases using this new technique suggesting thatitis effective
crown preparation data and practical method to adopt.
Ozcan and Sahin Invitro evaluation ofth(_e fracture . Scanner: Cerec 3D in Eos Milling Machine: Zirconium blocks (InCoris Sirona This study condu@ed thatone- piece zirconium post- core systems
25. 2013% strength of all-ceramic core Invitro Cerec3D CAD /CAM m Germany) have zero mechanical advantages over core constructed separately|
materials on zirconium posts Y V. and adhesively, luted to post and tooth.
VomsTerygietn Three-dimensional finite element Finite FES show no significant differences in the maximum stresses in
* analysis of custom- made ceramic Zirconia block (Cercon, DeguDent, Hanau most regions and it indicated that stress distribution in the root was|
26. Tharwat Hamed et dowel madeusi element NA ble for zirconiaand gold. Th cluded that zirconi
2120124 lowel made using CAD / CAM analysis - Germany), comparable for zirconia and gold. They conclu atzirconia can
technology be of great alternative to replace expensive gold as post and core.
Forceizerti;fo ((‘j(\)St}CCAM le:_m and The case series describe the use of indirect technique using
Kumar and Patil X Scanner and milling machine: Amann Zirconia block (Amann Girrbach, impression of the post space and pattern resin (GC America) for
27. reconstruction of grossly Case report R L -
2012% Girrbach, Germany Germany) designing CAD / CAM post and core. Case description: They
destructed crown: A mphasize to reme ndercut during post: T tion
multidisciplinary approach emphasize to remove undercut during post space preparatio
: Eﬁg}ig&}:sc;]msluagce All surface treatment methods (sandblasting with alumina particles,
el sl treatIJJanslt methods on the tensile Scanner: Dental Wing, Straumann, Canada Trico chemical silica coating or Trico chemical silica coating
28. yeta. N Invitro  Millingmachine: Yena - Dent D30, Istanbul  Zirconia blocks (Whitepeaks, Germany) followed by silanization) increase tensile bond strength of zirconia
20114 strength of CAD / CAM-fabricated L .
Lo Turkey postand core. No significant difference was found between
zirconia postsand cores luted to
treatment methods.
root canals
Case report stated that the currentavailable CAD / CAM systems
. . . . ) are not programmed for the designing and manufacturing of
Vinothkumar, - CAD/ CAMfabncated single-unit Scanner: CERECInLab 3D (Sirona .Demal Zirconia (IPS emax ZirCAD, Ivoclar, ceramic post and core This case utilized polyvinylsiloxane
29. Kandaswamy,and all-ceramic post-core-crown Casereport  Systems Inc, NY, USA) Milling machine: Not Liechi . . ionof th D Iy, G followed b
Chanana 201147 ration specify iechtenstein) impression of the post space (Dentsply, Germany) followed by
poured with CAM - Stone N (Siladent Germany) before opto-
electronic scanning and digital impressions was done.
Impression of post space was made using vinyl polysiloxane
Use ofaCAD / CAM - fabricated Scanner: SmartVision; Gimmafei Technology A prefabricated, compositeresin-  (Flexitime; Germany) before being scanned and milled usinga CAD
30 Liu, Dengetal. glassfiber postand core to restore Casereport Development Co, Ltd, Beijing, China Milling  wrapped, glass fiber block (Ouyaruikang / CAM system which was designed specifically for dental
: 20104 fractured anterior teeth: A clinical POt 1 vachine: VMC 850s; She Hong Industrial Co, New Material Science and Technology, restorations and compatible with dental materials. Case
report Ltd, Taichung, Taiwan China) characteristic: No coronal portion of the tooth with 3-mm canal
opening.
e . . The pattern was scanned, milled, and sintered with zirconia.
- Scanner and milling machine: yttrium - . N . : .
Fabrication of a custom-made L Important information emphasized during preparation: No acute
Awad and 3 : tetragonal zirconium polycrystals (Y - TZP) L
31 ) ceramic postand core using CAD - Case report Zirconia angles were present at post and core surfaces, The core-post
Marghalani 20074 system (Cercon; DeguDent L 5 3 X .
CAM technology GmbH: Hanau - Wolfzang, Germ junction must have enough width to avoid fracture during milling,
; Hanau - Wolfgang, Germany). Post must has rounded internal line angles.
Table 1. Research Related to CAD / CAM Post and Core from 2007-2020
[**NA - not applicable
Commercial Name Types
Metal Coprabond K, WhitePeaks, Germany Co-Cr block
* one study uses Ceramil wax block to fabricate metal (nickel-chrome alloy post and core)
VITA Zahnfabrik Feldspathic ceramic
e.max CAD; Ivoclar Vivadent AG Lithium disilicate reinforced glass-ceramic
Ambarino, Germany Hybrid glass ceramic
Ceramic InCoris; Dentsply Sirona Zirconia
IPS e.max ZirCAD, Ivoclar, Liechtenstein Zirconia
Zirconia blocks, Whitepeaks, Germany Zirconia
Zirconia block, Amann Girrbach, Germany Zirconia
Zirconia block Zirkonzahn, Switzerland Zirconia
Paradigm MZ10, 3M ESPE, USA Composite resin with ultrafine zirconia-silica ceramic
Lava Ultimate; 3M Nanofill composite
Resin Cerasmart, GC Nanofill composite
Trilor, Bioloren Glass reinforced fibre
Enamic; VITA Zahnfabrik Polymer-infiltrated ceramic network (PICN)

Table 2. Summary of Commercialize CAD / CAM Materials Used as Post and Core
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Table 1 shows 31 studies related to CAD / CAM post and
core from 2007 - 2020 (Tab.1). Analysis of these papers
showed that there is an increase in research related to the
topic for the past 3 years. This involved either case reports,
clinical technique/workflow, in vitro studies, or finite element
analysis studies. Apart from case report, most of the studies
focused on in vitro studies with no in vivo study being found
during the literatures search. This is most likely that in vitro
studies allow the material to be studied safely, without
subjecting humans or animals to the possible complication of
the new materials. It is anticipated that future research will
involve more on finite element analysis prior to in vivo studies
as it offers flexibility in calculating stress pattern and
distributions within post and core which are beneficial for
development in designs and materials choice.50

Material for Fabricating CAD / CAM Post and
Core

The ideal post and core materials should have similar physical
and mechanical properties of dentin including modulus of
elasticity, compressive strength, thermal expansion coefficient
and optical properties.#534 Nowadays, there are many CAD /
CAM materials available in the market but most of the
materials were mainly indicated for inlays, onlays, veneers,
crown, bridges and implant abutment.5152 Figure 3 shows the
options available for chairside CAD / CAM restorative
materials (Fig.3). The restorations that can be fabricated with
a chairside system depends on the size and properties of the
material block and size of the milling machine53 It was
apparent that in recent year, chairside CAD / CAM materials
either such as ceramic (zirconia, feldspathic and leucite-
reinforced ceramics or lithium disilicate and zirconium oxide
and lithium silicate) and resin were often used in either in
vitro studies and case reports apart from laboratory produced
block. Table 2 summarizes to commercialize CAD / CAM
materials used as post and core in the studies (Tab 2). For
experimental CAD / CAM fiber post block, only da Costa, Freire
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et al.34 disclosed the composition of the materials (epoxy resin
25 %, epoxy hardener 25 %, glass fiber 70 %) while others
mostly stated that it was made from epoxy polymer
matrix.#84232 Research stated that recent resin CAD / CAM
block offers better fracture toughness and resilience in
comparison to ceramics due to the enhanced composition.28
Besides, it also has closer modulus of elasticity to dentin, has
better marginal quality with no post-milling required.>¢ In
addition, as the underlying core may affect the definitive
restoration of ceramic crown, the tooth colour restoration of
post and core such as ceramic and resin block can offer an
advantage as compared to custom made metal post. Few
studies also explore new experimental fibre-reinforced
composite CAD / CAM blocks as options in fabricating the CAD
/ CAM post and core.103236 Most of the failures observed in
prefabricated fiber post and core was debonding, which is due
to the difference in interface between two material>> This can
be overcome using a CAD / CAM one-piece post and core
where better adaptation can be achieved in the radicular area
and create more favourable conditions for the retention of the
post. Besides, the flexural properties of glass reinforced fiber
is almost similar to dentin as compared to zirconia which are
more rigid.#2 Considering the idea of similar physical and
mechanical properties of dentin, these new materials can be a
good alternative for fabricating CAD / CAM post and core.
However, due to their recent introduction to the market, long-
term clinical studies on these materials are not available yet.

Designing and Fabrication on CAD / CAM Post
and Core

4.3.1 CAD /CAM System

The post and core restoration fabricated by CAD / CAM
technology can be achieved either by direct digitalization of
the post spaces657.22 or an indirect digitalization using either
impression of post space with a resin pattern or
polyvinylsiloxane impression.8

Classification
of Post
1
| | | |
Composition Installation .
Post type of material mode Design
|_|Prefabricated|| Metalic Post ||| Passive L {  Smooth
Custom made Non Metallic Active Serrated
— — Post

— Parallel side

L |  Tapered
Combination

of above

Figure 1. Classification of Post System
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Figure 3. Classification of Chairside CAD /CAM Materials and Examples of Blocks Available in the Market

Table 1 illustrated the variety of CAD / CAM system used
during the fabrication of post and core within last 13 years.
(Tab. 1). There is increase in number and new systems of the
intraoral scanners, milling machines, and other CAD / CAM
equipment available on the market. Our review revealed that
most studies conducted would either use CEREC (Dentsply
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Sirona, York, PA), Trios, 3Shape (Copenhagen, Denmark),
Dental Wings (Montreal, Canada) and few other systems. After
scanning, the data would be processed using the particular
CAD / CAM software to develop a digital 3D model of the post
and core prior milling and sintering.10 Nowadays, there are
many software available for the type and intended use of CAD
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/ CAM systems either clinical or laboratory. Through the latest
technology, most of the software have become more user
friendly to help the clinician with the design. However, the
scanning and software available for market are focused on
scanning of the extracoronal restoration. Although direct
digitalization may simplify the clinical and laboratory
procedure of fabrication of post and core, it can be difficult to
detect narrow root channel in the case of post and core
scanning.58 Intraoral camera of the CEREC system cannot scan
lengths that are deeper than 10 mm of the post space hole.
Most case reports and in vitro studies also reveal that the
preparation of post length prior scanning is mainly around 9
mm length.28 The highest fracture strength reported was with
10 mm post length as compared to 5 mm post length>° while
another study found that no statistically significant difference
was noted between the 12 mm and 8 mm post lengths.60
Though it is well known that the success rate of endodontically
treated teeth are higher with post length equal to two thirds of
the root length, or atleast the same length as the crown
height.61

Recently, 3Shape has developed special intraoral 3Shape
scan posts™ where it can be used as chairside and for model
scanning to facilitate and capture the precise depth of the post
and core restorations.62 It comes with various shapes and sizes
to support different post and core drill systems in the market.
One in vitro study that compared the quality of post-space
reading using an intraoral scanner and indirect digitalization
of impression in post space found that the application of the
intraoral scanner for the post-space readings are not reliable
as compared to the indirect impression technique due to the
incomplete post-space reading.>’ Nevertheless, a more recent
study comparing intraoral scanner (Trios, 3shape) and
laboratory scanner (Imetric 1041, Courtenay, Switzerland)
found that complete digital workflow exhibited better
adaptation as compared to indirect digitalization with resin
pattern or silicone impression as it introduced more
variables.30

CAM /CAM Milling Machine

The choice of milling machine is depending on CAD / CAM
material used and manufacturer recommendation. It is an
unclear boundary between chairside digital manufacturing
and laboratory-based CAD / CAM technologies. Some of the
clinicilans would prefer to send a scan file to any
manufacturing site to produce in-office restoration, which
others would prefer to do it in laboratory.53 Generally
chairside milling unit consists 4-axis mill (3+1) which is
perfectly adequate for most clinical applications, such as
veneers, inlays, onlays, crowns, and fixed dental prostheses.
However, for milling post and core, previous researches
suggested that milling machine should be integrated with
either 5-axis or more axes where it can rotate in additional
axes and enable to mill more complex designs, even in present
of undercuts.>330 Besides, slower and low-stress milling
machine was recommended to reduce vibrations, inaccuracy
or failure of the machining process due to the nature and
geometry of post and core.5! Additionally, simultaneous
machining with extra-fine milling procedure is advisable to
prevent post breakage.30
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Advantages of CAD / CAM Post and Core

The use of dental CAD / CAM-systems in combination with
CAD / CAM materials allows the aesthetic demands of dental
restorations to be achieved in one day. It can be an alternative
to prefabricated and conventional custom-made casting
methods as it can provides patients with "same-day”
restorations. The advance of the CAD / CAM technology in the
field of dentistry has brought the solution which it can reduce
the waiting time to receive the prosthesis by reducing the
number of clinical procedures involved in prosthesis
fabrication.63 The use of direct digitalization was more
efficient as compared to conventional technique, involved in
making impressions. It can simplify the clinical procedure and
it also helps in improving communication with patient as well
as can act as powerful advertising and marketing tool
Endodontic teeth restored with post and core restorations
produce stress concentrated at the coronal third of the root
and at the interface between the core and good adaptation in
the post space and structure can be achieved with the aid of
CAD / CAM technology presenting the one-piece post and core
entities. Potential separation of the core due to different
modulus elasticity is unlikely to occur when it composed from
the same material. Besides, it creates the monobloc effect as
the post, core and crown act as single unit and declines the
incidence of failure. The CAD / CAM technology produces a
post and core that improves the fitting accuracy, fast and high-
quality prosthesis. The quality of the restoration is more
consistent as compared to prefabricated post and core. It also
helps to minimize the inaccuracies and provides
standardization of prosthesis fabrication.10

Future Direction of CAD / CAM Post and Core
In early year, CAD / CAM systems were able to fabricate dental
restoration limited to inlays, onlays, and single crowns only.
With the current trend and advancement of technology on CAD
/ CAM systems, milling machine and other devices, there is
almost no limit to the type of dental restoration that can be
constructed using this technology. More and more clinical
reports published stated that CAD / CAM post and core can be
one of the promising treatment alternative in aesthetically
compromised teeth with wide flared root canal.22 To date,
most researches on CAD / CAM post and core were focused on
the experimental in vitro laboratory studies.1035 Within the
limitation of the in vitro studies, they found that CAD / CAM
post and core showed a good performance in fracture
resistance and bond strength. Apart from finite element
analysis study, future research of well-designed clinical trials
would be valuable in assessing the success, survival and failure
rate of CAD / CAM post and core. This can provide more
evidence on the clinical performance and failure modes of CAD
/ CAM post and core on recent and different materials of
choice. Apart from CAD / CAM, it is also expected that there
would be an increase in research emphasis on three-
dimensional (3D) printing in fabrication and manufacturing
process on post and core.
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CONCLUSIONS

Even though there is no consensus on the superiority of CAD /
CAM custom made cast posts and cores when compared with
prefabricated posts systems, a “one-piece” post and core can
offer good adaptation in the post space and structure thatlacks
post and core interface. Designing and fabricating CAD / CAM
post and core can be one of the alternative option apart from
conventional post and core. However, the choice of material
available for post and core should be taken with care as there
is lack of clinical information and evidence on current material
in fabricating the post and core.
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