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THE SKELETON BUILDUP TECHNIQUE:
A SYSTEMATIC APPROACH TO THE
THREE-DIMENSIONAL CONTROL
OF SHADE AND SHAPE

Edward A, Mclaren, DDS*

Due to the limitations of current shade-matching sysiems,
shade communication has proven inadequate. Techniques
for the fabrication of porcelain crowns that match the nat-
ural dentition must address numerous factors. While ali-
ceramic restorations are indicated for the rehabilitation
of the anterior dentition, these modalities are problem-
atic in the restoration of teeth with discolored substrotes.
This article presents a systematic procedure for the three-
dimensional fabrication of porcelain restorations. Tech-
niques for building porcelain and altering the iranslucency

of ceramic cores are also presented.

Polient demands for aesthelic, naturally appearing
restorations are increasing exponentially, and the sat-
isfaction of these obijectives is a significant challenge for
the restorative team A plethora of new moterials and
techniques has been recently developed to focilitate this
process ' The ulilization of conventional metakceramic
techniques is often incompafible with the develapmeni of
aesthefic restorations in the limited space provided by
fadilionul preparations, The size of the pulp and the need
for conservation el taoth stiucture for structural integrity
limit the degree of tooth reduction, The evolution of new
alloy systems and aesthetic metal framework designs has
enabled the resloralive feam fo develop prediciable, func

fional, and improved aesthedic results. ™
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Recent advances in all-ceramic technology have
expanded the altermatives for the aesthetic restoration of
teeth*"" It is significanfly easier to accomplish such restorar
fions with an all-ceramic system that demonstrates opti-
cal properties lie, value and translucency) similar to those
of the nalural dentition, which cannot be achievad with
ar opagque melal subsirate. Consideration musl be given
not only to the manipulation of light, but also strength,
improved handling properties, longerm clinical success,
varied clinical applications, and biological compalibility.
The In-Cerom system [Viden!, Brea, CAJ and its variations
hove soistied these criteria in anlerior and posterior single
crowns " One possible limitation, however, has been
idenlified as the second molar site, where space limits
the maintenance of oplimal core dimensicns!* In a clinical
study conducted by Sorensen et al, anterior 3-unit fixed
partial denlures fabricated of this allceramic materiol
were |00% successtul at 3 years, while exhibiting a sig-

nificant failure rate for posterior fixed partial dentures

Figure 1. All-ceramic crown restorations, in situ with the shade guide,
demonstrate an excellent match.
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The results verified the manufacturer's recommendation to
limit the use of this alkceramic material to single crowns
and anterior 3-unil bridges only.

The Introduction of the odvanced ceramic systems
has occurred simullaneously with the developmenl of
sophisticated ceramic layering techniques,®”' While
ceramists are able to ulilize these two elements o fabri:
cote infricate restorations, the absence of the patient dur-
ing the fabrication process may result in shade and
morphological discrepancies. Previous shade selection
systems have nol been adequale communication lools
and have failed to address the range of colors axhibited
by the natural dentition.”*** This arlicle describes the use
ol a recently developed shade selection system (3-D
Master, Vident, Brea, CA for the accurate communication
of desired restoration color and morphelogy. A simplitied
fechnique for the fabrication of aesthetic metalceramic and

allceramic restorations is also presented,

Shade Communication
The recarding and communication of exisiing footh shades
has been compromised by several factors. Principally,

existing shade guides did not address the mnge of color

exhibited by the natural denlition, and no systematic

arrangement of color was available. ™ It was clearly
necessary to apply color science to the process of shade
selection, and to develop appiopriate shadetaking
systems and matching porcelains. Following significant
research of innate tooth color a shade system has been
developed to address the complete range of natural tooth
shades within Ihe three dimensions of the color space,
The system is arranged first around the selection of value,
which is often considered the most Important optical para-
meter. The differences of value omong the five levels are
exaclly equal within the color space. The next slep is to
determine chroma from the five exisling levels, which are
equidistant from each other within the color space. The
final step is to select the spacific hue. Specirophatometric
onalysis has demonstrated that the natural dentition exists
in o very small hue range lie, red, arange, yellow]. ™ The
middle range of natural feeth is represented by on orange
hue, which becomes increasingly red or yellow as the
hue varies from the mean. Based on color science, the

process of shode maiching has become systemalized.
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Figure 2. Postoperative facial view of all-ceramic
(In-Ceram Spinell, Vident, Brea, CA) crowns used
with the shade system to replace teeth #8 and #9.

Figure 3. Provisional restoration of the desired
form and value,

Figure 4. Completed 12-unit fixed partial denture
following the design of the provisional restora-
tion (with artistic interpretations).

Figure 5. Prepared maxillary incisor (#8) with
severe discolorations.
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Once he value level is selected, the level of chroma
is determined. While the modification of chroma level
has historically compromised the value, this system has
five different chroma levels and three different hues within
the value groups. Since it is possible fo increase of
decrease chroma and change the hue without changing

the volue, this feature significantly aids in moiching pros-

thefic restorations 1o natutal teeth. The final step is hue

selection. Proper hue match s inifiolly assessed relative

Figure 6. Using the custom shade guide, it was
determined that the value was too low. This was to the tooth (Figure 1), Specific characteristics (ie, crack
atiributed to color bleeding through the tooth.

lines or decalcifications) are recorded by a drawing or
high-quality photography and incorporated in the shade
evaluation far fabrication of the definilive restorations
{Figure 2},

While provisional restorations have been sparingly
used to communicate form, an often overlooked benetil
of these materials is the commurication of color. Pravisional

materials that closely approximate the shade guide and

accompanying porcelain systems would help address
Figiiia 7. The caiertid ol caam i crown: dassion: shade issues, allowing infraoral evaluation of the existing
strates a closer value match than that obtained denlifion during provisionalization.

from the custom shade crown. A new provisional material [Zeta, Vident, Brea, CA|
that matches the 3-D Master shade system and its corre-
sponding porcelains has been recenily infroduced. The
material Is a cold-cure methylmethacrylate that can be
utilized for direct and indirect lechniques. Provisional
restorations are fabricated i the conventional manner

and placed on the prepared feeth to evaluate shade and

form (Figure 3). Allerotions can be accomplished at the

provisional stage 1o minimize the need for expensive lab-

Figure 8. Preoperative view of a maxillary crown oratory remakes (Figure 4).
restoration that exhibits severely discolored .
preparations. d The Custom Shade Guide

In certain situations leg, teeth with significont polychio-
matism or translucency), the intaoral trnyin of a custom-
made shade guide is the only way to precisely mofch the
adjacent dentition. The shade-maiching process is inifi-
afed as aforementioned with the fabrication of a provi:
siono| restoration in the desired base shade: schematic
drawings and photographs of the individual nuances are
subsequently noted. A restoralion that incorporates the

different levels of value, chroma, and translucency In the

Figure 9. Facial view following removal of the
defective crown restorations demanstrates the
dark color of the preparations. {eg, crack lines, decalcificafions, and inense incisal effects)

layered ceramic buildup is then labricated. Special effects
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are nol necessary af this stage. The objective s fo fobri-
cafe a resforation with minimal effort that will be used to
facililate the process of shade matching,

Despile the diligen! efforts of the restorative team,
failure to achieve an accurale shade match between the
restoration and the existing dentifion is frequently revealed
upon Iry-in. Consequenlly, il is advanlageous lo sched-
ule an appoiniment for a shade try-in 1o verify the ces-
thelic expeciations of the patient (Figures 5 and 6}. The

author elects o fobricate wo identical sets of provisional

restorations: the first is used as a diagnosiic tool, the sec-

ond for cementaiion. Once the shade is verified, the first Figure 11A. The core (In-Ceram Spinell, Vident, Brea, CA) prior to
vacuum freatment. 11B. The vacuumeinfilirated core is too translucent.
11C. The core with air infiltration is more opaque and effectively

visual aid for the completion of the definitive restorations. masks the dark substrate.

provisional restoration is refurned fo the loboratory os @

An in-situ photograph can document any discrepancy
between the cemented restorations and the natural den-
filion, The slides are returned to the ceramist in order to
complefe the modifications for the final porcelain loyer-
ing. If the shade requires significant madification, the cus-
fom guide restoration can be stripped and refabricated,
the patient can be rescheduled tor shade verification
While this process may appeor elaborate, the author has
found this lo be a fime-efficient process. Once the patient
is scheduled for final cementation, it is a simple matter to

place the cusiom shade restoration to demonsiate to the

patient that the shode or shope of the definifive restora-

_ _ _ Figure 12. Facial view of patient with normal colored and severely
lions match the opproved shade restoration [Figure 7). discolored substrates following crown removal,

Influence of the Underlying Tooth Structure

One of the greates! challenges in anterior aesthetics is the
effective restoration of discelored substrates (Figures 8
through 10). Fullcaverage and venser restorations are
otten placed on discolored teeth, which can be caused

by micreleakage, scleratic dentin, metal restorations,

posts, and Igtracycling staining. While considerable
emphasis has been placed on Ihe use of metalies estora-
tions in fhe anterior region, this modality often results in

increased franslucency al the site. The principal concen

involving the use of allceramic crown techniques remains

Figure 10. Even when utilizing a porcelain with a higher value, tooth
#9 is still too low in value in the gingival third. This is one limitation
of highly franslucent all-ceramic cores, an overly opagque appeorance. Early allceramic core

the inability to mask dark subsiruciures withaut causing
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A vacuum environment is recommended for the infiltra-
tion of InCeram Spinell, which results in a core that is
fwice as franslucent as InCeram Alumina. VWhen InCeram
Spinell Is Infillrated in air, the opacity of the resullant core
is significantly increased. Clinical trial and error has indica-
fecd that even the mast severe discolorations can be masked
with air-infiltrated In-Ceram Spinell and brightening por
celains [Luminaries, Vident, Brea, CA} [Figure 17)* When
ulilized properly in dental porcelain, the high Huorescence

of these materials tends to instill an iridescent effect that

can be used fo brighten dark teeth without negatively
Figure 13. Postoperative view of the patient following dlteration
of the core translucency. The discolored preparations have been

effectively masked. While InCeram Alumina [Vident, Brea, CA) has ade-

quate physical properties for use in single-footh postenor

affeciing the translucency.

opplications, the relalive opacity can create an unaesthetic
result in the anterior region. Glass Infiliration of In-Ceram
Alumina in o vacuum enviranment produced a core with
significantly impraoved franslucency. The franslucency of
vacuumiintilirated Alumina was delermined 1o be slightly
less than airinfillrated Spinell (Figures 12 and 13},

In order to enhance the aesthelic potential of the sys-
tem, the author determined that by cutting back the facial
aspect of the core for a porcelain bull margin, a highly
franslucent material could be fired in this region. Once

the restorafion was in place, the marginal area wos indis-

linguishable from the existing footh structure due 1o the

full-mouth restorations. Note the incisal edge wear and compromised -
aesthetics. "chameleon effect.””

syslems were foo opaque and resulied in definitive restora-
tians that did not exceed the current metalceramic sys-
tems, Recenl cask-glass or pressedglass systems are ofien
loo franslucent to effectively treat discolored teeth. A signif
icant development would be the ability fo alter the frans-
lucency of the core to differentially mask the existing
clinical situalion,

The author discovered that it was possible lo alter
the Iranslucency of several allceramic cores by differen-

tially pulling vacuum during the glass infillration process.

The recommendation for the infiltration of In-Ceram

Figure 15. Provisional restorations were used to control form during
the porcelain buildup.

Alumina was an air environment that resulled in a core that

wos 20% Iranslucenl In o segment of 1 mm thickness =
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Communication of Form and Texture

Significant fime and effort are unnecessarily expended
when o mulliloyered restoration is returhed following fry-
in due to form alierations performed by the clinician. The
use of a provisional restoration is an etfective means of
communicating proper form, and ideally should be cor-
toured within Q.2 mm of the desired resioration, Once it
has been placed iniraorally, the patient can approve the
form and color of the definitive restoration, This infarma-

fion can be transferred 1o the laboratory via @ study cost

of the provisional restarations. A e P Jlid (| -
Again, the use of twa sels of provisional restorations Figure 16. Postoperative view of the definitive restorations. Note
the enhanced aesthefics achieved through the use of the provisional

is a significant impravement over the previous lechnigues,

shade guides.

since it provides the ceramist with a three-dimensional
madel of the desired final restoration that can be placed
on the working dies. The ceramist can use the pravisional
reslorations fo recreate the form, length, labial contours,
ond embrasure form of the definifive resiorations. [Figures
14 through 161

Porcelain Layering Techniques

Lateral Segmental Layering Techniques
While various techniques have been espoused for lay-

ering dental parcelain, most involve sophisticated place:

ment of the various powders, which are buil o full contour

and fired. The most prevalent of these technigues is the Figure 17A. View of a coping with shadowing at the margin.
17B. The coping with greater cutback demonstrates less shadowing

lateral segmental buildup technique developed by ;
at the marginal orea.

Celler.*' This technique uses the incremental layering of
internal chromas and color medifiers for the dentin por-
tion and laterally placed segments (gingivally/incisally
arranged) of different translucencies for the enamel por-
tions. Mastery of this technique requires meliculous place
ment of each layer and extensive experience with the
material lo properly assess shiinkage upon firing. If shrink-
age is nol rigorously conirolled, then the desired color
effects cannat be achieved. Il is alsa easy to uninten-
fionally mix the individual layers while building; further-

more, the individual layering cannot be viewed unill finng.

Internal Live Stain Technique

The internal live stain technique developed by Acshima Figure 18A. The effect powders under reflected light. 18B. Under
transilluminated light, the powders on the reduced coping have opti-
cal properties similar to that of the natural tooth. 18C. The powders
technique.'” The first layer of porcslains are the internal also exhibit similar fluorescence to the natural dentition.

allows a greater degree of cantrol than does the Geller
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stiuctures of the opacious dentin and dentin layers, Incisal
framing is subsequently performed, whereby the dentin
lover is cut back and incisal o iranslucent powders are
ulilized to extend the incisal edge. This in effect becomes
the lingual enamel wall; the ceramic layer is then fired
without placing a surfoce enomel layer, Internal “live”
stains (Noritake, Secaucus, NJ| are applied over the

surface to create mamelons, crack lines, and other desired

color effects. Once this layer is fired, enamel and trans-
lucent powders are built over the surfoce and fired, and

the crown is contoured and finished in the conventional

Figure 19. Preoperative view of the patient. Note the compromised manner. Utilizing this lechnique, the opacious dentin

aesthetics present at the margin. and incisal framing layers are subject to the same com-

plications of controlled shrinkage as a fullcontour layer

ing technique.

The Skeleten Buildup Technique

This procedure is a compilation of numeraus fechniques
that hove been divided infe distinct manageable sfeps.
It is s0 nomed to create an image of a siructure that is
built outward from the fromework skeleton ane layer ai
a fime. These layers are individually completed prior o

veneering lhe enamel surtace, thus allowing maximum

control of shape and shade. The lhreedimensional expres-

sion of shade and shape in o porcelain crown requires

the exacl placement of the internal dentin layers (skele-
Figure 20. Facial view of the buill-up and fired effect powders ton] 1o supper! the surface enamel layer (skin). Thus, for
(Luminaries, Vident, Brea, CA) used as margin materials. ] ’ ! o i

maximum control, [l is best to build each individual layer

and then fire if prior to the addilion of the subsequent lay-

ers. Fach layer can be adjusted as necessary by grind-
ing or adding material to each incremental layer prior

lo proceeding.

Metal Ceramic Framework Design
When fobricating melal ceramic anterior crowns, it is
highly recommended to establish a vertically reduced

melal framewaork labially and interproximally. The frame-

work is reduced up the axial wall @ maximum of 2 mm to
allow for iranslucent porcelains lo be used in the marginal

region (Figure 17). As long as the margin design is a

shoulder with @ 90 exit angle, this amount of cutback

Figure 21. The opacious dentins were subsequently built up and fired. does not affect the strength of the cemented restoration.™
Necessary adjustments may be performed prior to the next phase of

p State-otthe-art metal-ceramic restorations can rival all-
the buildup.

ceramic restorations in appearance by using a verlically
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reduced mefal framework.” Framework design should
allow for maximum thickness of porcelain, within the
accepled limits, to minimize susceptibility to fracture. In
aesthetic areas for single testh, frameworks can be safely
thinned following casting to 0,15 mm withou an increased
patential for ceramic fracture,”" which can compromise
allceramic frameworks. Once opagquing has been com-
pleted, flucrescent shoulder porcelain materials are buili

up and fired (Figure 18,

All-Ceramic Framework Design

Due lo the high reported flexural strength of these materials,
the recommended core dimension for In-Ceram Alumino
and InCeram Spinell (Vident, Brea, CAJ is 0.5 mm "™~
Flexural strengths from 300 MPa to 600 MPa have been
reported for InCerom Alumina, with 15 fo 40 perceni
lower strength values reported for [n-Ceram Spinell.* **
Based on flexural strengih alene, InCerom Alumina would
be indicated for both anterior and posterior single tooth
restorations, and Spine” would be indicoted for anterior
crowns only, These moterials are not used independenily
as a core; lhey are veneered with o feldspathic porcelain
material of significontly lower strength fo achieve the defin-
ilive aesthetics. Evoluations of the effects of veneering
materiols have demonstrated anly a minimal reduction in
strength for the In-Ceram Alumina material if the core thick-
ness remained af 1 mm.” When the core was thinned to
0.5 mm and subsequently veneered with 1 mm of porce-

lain, the flexural strength of the restorations was reduced

Figure 22. Following the layering of the opacious dentins, the dentin
buildup was completed.
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Figure 23, The incisal frame was then built up.

Figure 24. The incisal effects were fired. Note the chalky appearance
caused by the low firing.

to 225 MPa. " Although this value would be adequate
for incisor and bicuspid regions, it would nat be sufficient
for molar regions

Upon review of the author's failures, there were no
failed somples with a minimum core dimension of G 7 mm <>
All failures originated from an occlusal line angle or an
internal flaw evident in the core. It is possible to trap air
with the slipcasting lechnique, crealing porosity that can
weaken the core. The internal surface of the core must be
inspected 1o reject porosities of flaws. To date, none of the
clinical cases fabricated by milling prefabricaled InCeram
Alumina or In-Cerom Spinell monoblocks have tailed,
regardless of the core dimensions. The benefil of a pre-

manutactured block is that there is no residual porosity
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discolored leeth or teeth with metal posts require restara-
tion. Special effect powders [Luminaries, Vident, Brea,
CAJ can be ploced as a thin wash over the surface of @
ceramic core and fired. These powders increase the fluo-
rescence of the definitive restoration, which increases the
degree of light reflection. This is particularly beneficial in
condifions invalving high~value shades or discolorations,

as It can raise value withou! negatively affecting the

franslucency. The powders can also be ufilized as o shouk
der malerial 1o increase the translucency al the margin

area [Figures 19 and 20).

Figure 25. The incisal effects were wet with glycerin to demonstrate Porcelain Layering

the completely sintered color effects. )
For metalceramic and allceramic technigues, the remair-

Ing steps ore identical. Opacious denfins of the desired

shade are built up and fired; since il is a simple matter

to adjust the fired material, slight overbuilding is preferred
(Figure 21}. Stains or dentin modifiers con be added 1o
create high chroma effects as necessary. Dentin loyers

are built up using the base shade dentin in the middle
‘ Ihird, with @ higher chroma deniltin in the gingival third,

and o higher value dentin in the incisal third. This creotes

he sublle conliusls 1hal ure evident in natural feeth. Again,

it is best to slightly overbuild the denlins, which can be
adjusted dlter firing (Figure 22),

Once the infernal siucture (skeleton| of the opacious

dentins and dentin porcekains have been tired, it is easier

Figure 26. Once the incisal effects were created, the enamel skin
(translucent layer) was completed. fo conirol the position ond dimensions of the enamel mate-

rials. The lingual wall of the incisal edge lincisal frame)
in the finished core that could cause fallure. Core dimen-

sions in lower siress arens on the facial aspects of the

posterior dentition can be thinned to 0.5 mm, os long os
the ocelusal and palatal areas are thicker than 0.7 mm
Ideally the framework should have a lingual and proxi-
mal collar tor strength and support of the porcelain The
collor should be 1 mm thick and 2 mm high. For anterior ,
teeth, the core dimensions con be frimmed o 0.3 mm on |

lhe facial aspects, os long os the interproximal, palatal,

and Incisal edge thickness remains at 0.7 mm, and a
1-mm thick collar of the lingual aspect is presenl

One of the unique benefiis of the InCeram syslem

Is that the care franslucency can be altered during fabrr

Figure 27. Facial view of the buildup for correction bake, in which an
cation. * This is beneficial in clinical situations where “incisal halo” effect can be created.,

PP 595



Practical Periodontics & AESTHETIC DENTISTRY

is buill up with the appropriate enamels and translucent
porceloins and subsequently fired Due to the small vol-
ume of porcelain, firing shrinkage is minimal, thus afferd:
ing maximum posilional control of the incisal edge. Slight
aver- and underbuilding can be adjusted prior o the
placement of the next layer (Figure 23}

Mamelen or other infernal effects are then created.
Special highchroma porcelains (Intensives, Vident, Brea,
CA) or fluorescent stains (Internos, Vident, Brea, CA) are
loyered on top of the fired dentin 1o create these effects,
These are airfired to only 800 C° to set them an the sur-
face. Firing fo 80Q C° will not affect the internal micro:
structure of the fired dentins and enamels, thus minimizing
the devitrifying effect of multiple firings. Since they are
incompletely sintered at this point, the Opplled effect pow-
ders appear chalky (Figure 24), Wetting the surface with
a glycerintype liquid alters the refraciive index lo allow
viewing the fired effects [Figure 25]. This step can be
repeated as necessary until the desired effects are
obtained. If the effects are excessive, they are removed
prior fo proceeding fo the next layer. With a fullcontour
buildup technique, effects cannot be viewed until sinter
ing is completed.

The final step in the process is the placement of the
enamel/Iranslucent layer. Due fo the contral of the inter
nal layers (skeleton), the enamel/translucent loyer (skin]
is easily manipulated. Various iranslucent powders can
be built up incrementally as in the lateral segmental tech-
nique (Figure 26) Overbuilding is preferred o allow slight
contouring of the porcelain after firing, rather than a sec-
ond addifion of franslucent porcelains to complele con-
tour, It is crifical to prevent devitrification by minimizing
the number of firing cycles of the ranslucent porceloins.
Devitification is caused by crystol growth within the porce-
lain on multiple firings and makes the restoration appear
cloudy. Materials added to franslucent parcelains to cre-
afe |he opalescent effect act as nucleating agenls medi-
ating this process. Dentin powders generally do not have
opalescent agents added to the material, and devitrifi-
cation on mulliple firings is less common. If an incisal halo
effect is desired, It is created by placing a thin bead of
a mixture of dentin and encmel porcelain al the incisal

edge of the focial translucent layer Slight corrections of
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Figure 28. View of the definitive all-ceramic restorations following
correction firing and prior to definitive contouring and glazing.

Figure 29. Postoperative view of the patient. Note the optimal contour
and aesthetics achieved with this buildup technique.

form can also be completed by the oddition of small
amounts of franslucent porcelains, which are then fired to
complete lhe ceromic layering [Figures 27 and 28|, Prior
ta glazing, the enamel/franslucent layer is tired a maxi-

mum of thwo times.

Contouring and Glazing

Contouring and surface texturing are completed as neces:
sary using diamond burs ond stones. It is important 1o note
that the natural dentition exhibit a degree of surface tex-
ture, even in the teeth of geriatric potients. Proper confour
and lexiure are prerequisites for the achievement of naturak
looking restorations. There is currently discussion regord-

ing the need to auloglaze or overglaze the restoration.”



Ii is believed thal auloglazed porcelain and polishing
enables noturaHocking restarations 1o be accomplished
Dus to development of o compressive layar on the over
glazed suitace. these restorations exhibit significantly
enhanced flexural strengths as compared 1o autoglazed
percelain © Once overglozed porcelain is palished, this
lechnigue cannot be distinguished from the overglazed

fechnigue (Figure 29].

Conclusion

A technique has been presenied that allows systematic
contral of the shade and shape of melckceromic and al-
ceramic restorations. While this layering process may
appear lime-intensive, the time spent building porcelain
is exactly the same as that utlized by other rechniques;
the only difference is the duration of tinng. The benefits
of this lechnique ore comglete conirol of each step in the
porcelain stratification procedure and the ability lo view
and adjust each layer incrementally.

Due to poor matching of exisfing shade guides to the
color ranges of notural teeth, shade communication hos
historically been problematic. A new shademalching sys
tem (3-D Master, Vident, Brea, CA) has been developed
based on extensive study of natural feeth. The sysiem uses
color scienice fa creale o logical arrangement and spac-
ing within Ihe color space of natural teeth, which greatly

facilitates the shade-malching and communication process.
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