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This article evaluates the long-term clinical performance of porcelain laminate
veneers bonded to teeth prepared with the use of an additive mock-up and
aesthetic pre-evaluative temporary (APT) technique over a 12-year period.
Sixty-six patients were restored with 580 porcelain laminate veneers. The
technique, used for diagnosis, esthetic design, tooth preparation, and provisional
restoration fabrication, was based on the APT protocol. The influence of

several factors on the durability of veneers was analyzed according to pre- and
postoperative parameters. With utilization of the APT restoration, over 80%

of tooth preparations were confined to the dental enamel. Over 12 years,

42 laminate veneers failed, but when the preparations were limited to the enamel,
the failure rate resulting from debonding and microleakage decreased to 0%.
Porcelain laminate veneers presented a successful clinical performance in terms
of marginal adaptation, discoloration, gingival recession, secondary caries,
postoperative sensitivity, and satisfaction with restoration shade at the end of

12 years. The APT technique facilitated diagnosis, communication, and preparation,
providing predictability for the restorative treatment. Limiting the preparation
depth to the enamel surface significantly increases the performance of porcelain
laminate veneers. (Int J Periodontics Restorative Dent 2012;32:625-635.)
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Porcelain laminate veneers (PLVs)
are a minimally invasive'= esthetic
restorative option with a high rate
of long-term success.5’-'3 To achieve
the best results with these restora-
tions, it is necessary to understand
the essential factors involved and
apply a clinical protocol that guaran-
tees reliability with regard to esthet-
ics and longevity.

Several clinical factors may al-
ter the success rates of PLVs, such
as treatment planning, types of
preparations, enamel preservation,
tooth vitality, presence of compos-
ite resin restorations, selection of
appropriate ceramics and compos-
ite resin cements, finishing, polish-
ing, and control and maintenance
over time. Failure to address these
factors can result in fractures, micro-
leakage, and debonding.>6.13-1¢

Adhesive cementation is a criti-
cal factor for the long-term success
of PLVs.’s Nevertheless, a stable
and lasting bond does not depend
exclusively on the composite resin
cement but on an understanding
of the bond interface and, conse-
quently, on the correct choice of
the three factors involved.
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The first factor at the bond in-
terface is the dental substrate. For
many years, cementation was con-
sidered a secondary factor for the
success of indirect restorations.
However, at present, the application
of adhesive systems has allowed
many concepts to be changed, par-
ticularly tooth preparation. Porce-
lain veneers essentially depend on
the bond to dental structures.’”-"?
In the case of veneers, the prepa-
rations can be confined to only the
enamel, with margins in the enamel
and little dentin exposure, or mini-
mally in the enamel, with large
amounts of dentin exposure and
composite resin. Mechanical inter-
locking with enamel is more stable
than the bond to dentin,'2'5 which
has a less homogenous nature,
creates humidity, and may have
areas of sclerosis. Tooth prepara-
tion should preferably not remove
healthy tooth structures unneces-
sarily. This will guarantee a larger
quantity of remaining enamel'? and
greater strength of the tooth, since
flexion of the tooth may be related
to fractures and debonding. Teeth
with color alteration may demand
a little more depth for the tooth
preparation. Teeth with abrasion
or erosion and those in older pa-
tients may have a thinner layer of
enamel since they have lost some
of their original volume, and there-
fore create conditions under which
the preservation of enamel is more
complicated.3420

The second factor is the ce-
ramic to be selected. Ceramics that
undergo a long vitreous phase, and
can therefore be acid etched and

silanized, have the best adhesive
behavior and consequently allow
more conservative preparations
and better esthetics because of
their translucency.

The third factor is the resin
adhesive cementation, which is
interposed between and inter-
dependent on the other two fac-
tors. Clinical follow-ups comparing
self-etch and total-etch adhesive
systems in PLVs showed a simi-
lar behavior over a period of 5
years, but a phosphoric acid agent
was applied to the enamel in all
samples.?

Tooth preparation is an im-
portant step because it tries to
consider obtaining an adequate
thickness of ceramic and tooth
structure wear. Basically, there are
two different approaches to tooth
preparation for veneers: (1) the tra-
ditional approach, which is based
on the existing tooth structure, and
(2) a more recent and sophisticated
method guided by the final volume
of the restoration. This approach
uses wax- and mock-ups.3?'

This paper provides clinical
data on the aesthetic pre-evaluative
temporary (APT) technique,®# which
takes the final volume of the resto-
ration into consideration. Use of the
APT technique, step by step, may
guide the clinician from the time
of diagnosis, communication, and
preparation through the final result,
making the treatment predictable.
This study retrospectively evalu-
ated the long-term clinical perfor-
mance of PLVs bonded to teeth
prepared using the APT technique
over a period of 12 years.
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IELICRE Distribution of PLVs according to location

No. of PLVs %
Maxilla
Anterior 299 72.2
Posterior 115 27.8
Mandible
Anterior 122 73.5
Posterior 44 26.5

PLV = porcelain laminate veneer.

IEL WA Distribution of PLVs according to the restoration and
cementation material

No. of PLVs %

PLV material

IPS| 201 347
IPS I 320 55.2
IPS Esthetic 16 2.7
Creation 43 7.4
Cementation material

3M Opal 171 29.5
Variolink Il 305 52.6
Bisco Choice 14 24
Variolink Veneer 41 7.1
Herculite 49 8.4

PLV = porcelain laminate veneer.

Method and materials

Between May 1997 and May 2009,
580 PLVs were cemented. The
sample consisted of 66 patients
(19 men, 47 women), and the ve-
neers were cemented in the maxilla
(299 anterior teeth, 115 posterior

teeth) and mandible (122 anterior
teeth, 44 posterior teeth) (Table 1).

Veneers were fabricated using
both a pressed ceramic technique
(IPS Empress |, I, and Esthetic,
Ivoclar Vivadent) and a refractory
die technique (feldspathic porce-
lain; Creation, Jensen Industries).

The following products were used
as cementation materials for PLVs:
Variolink Il (lvoclar Vivadent), 3M
Opal (3M ESPE), Herculite (Heraeus
Kulzer), Variolink Veneer (lvoclar
Vivadent), and Bisco Choice (Bisco
Dental) (Table 2).
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The preparations were per-
formed according to the APT3#
protocol. In this technique, after

a three-dimensional smile design
analysis, the dentist creates an im-
mediate mock-up with composite
resin, which will provide critical
guidelines, such as the position
and length of the maxillary incisors,
for the technician to execute the
diagnostic wax-up. The wax-up is
then transferred to the mouth us-
ing a silicone index, which is tested
esthetically and functionally. Once
approved by the restorative team
and the patient, the APT restoration
is used as a precise guideline to

prepare the tooth structure based
on the planned final tooth con-
tours. The tooth structure will un-
dergo only the minimal necessary
preparation or even no preparation
in certain areas using depth cutter
burs through the APT restoration
according to the pre-established
goals. The previous silicone index
is also used to check the prepara-
tion depths (Figs 1 to 11).
Photographs, radiographs, and
individual clinical forms were used
to follow up with patients. A sys-
tematic recall was carried out at 1,
6, and 12 years. Pre- and postop-
erative parameters were evaluat-

Figs 1a to 1c The patient exhibited a canted smile line.

ed. All veneers were made by one
dentist and rated by three examin-
ers. Rules were established for the
clinical examination and rating?:
two dentists made independent
evaluations, and the characteristic
with the lowest rating determined
the category. Descriptive statistics
were used in this study.

Results

A total of 580 PLVs were cemented
in 66 patients, who were followed
for a period of 12 years. Patients and
teeth were evaluated according to
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Figs 2a to 2c A new smile design was created with the mock-up.

Canting was corrected.

Figs 3a and 3b A wax-up was applied on the teeth before preparation as the APT restoration.

preoperative parameters: bruxism
(9.1%), abrasion (50.5%), presence
of discoloration (61.2%), crowding
(10.5%), diastema (10.9%), caries/

fillings (16.2%), and vital teeth
(99.7%) (Table 3).

The preparation design was
classified as being in the enamel

surface (80.5%), dentin exposure/
enamel margin (14.7%), or den-
tin exposure/dentin margin (4.8%)
(Table 4).
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Fig 4 Facial tooth preparation was done Fig 5 Preparation depths marked with a Fig 6 Completed preparation depths
through the APT restoration using a depth pencil. through the incisal edges of the APT resto-
cutter to mimic the exact final contours of ration.

the PLVs.

Fig 7 After the preparation depths were Fig 8 Using a rounded-end fissure dia- Fig 9 Preparation finalized using a sand-

completed, the APT restoration was re- mond bur, the facial and incisal prepara- paper disk. Note that the composite resin

moved for the final detailed preparation. tions were completed until the pencil marks filling at the mesioincisal edge of the left
disappeared. central incisor was also removed.

Figs 10a and 10b  Provisional restorations in place.
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Figs 11ato 11c The PLVs were bonded and the final smile design
was achieved, which mimicked the mock-up and APT restoration.

I Preoperative parameters

Patients (n = 66) Teeth (n = 580)

n % n %
Bruxism 6 9.1
Abrasion 34 51.5 293 50.5
Discoloration 37 56.1 355 61.2
Crowding 8 12.1 61 10.5
Diastema 8 12.1 63 10.9
Caries/fillings 23 34.8 94 16.2
Vital teeth 64 97.0 578 99.7
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IELIEY M Distribution of PLVs according to preparation design

No. of PLVs %
Enamel surface 467 80.5
Dentin exposure/enamel margin 85 14.7
Dentin exposure/dentin margin 28 4.8

PLV = porcelain laminate veneer.

IV Postoperative parameters

No. of PLVs %

Crown lengthening

No modification 270 46.5
Apical 44 7.6
Coronal 266 45.9
Gingival recession

No recession 497 85.7
Physiologic 83 14.3
Color match

Very good 549 94.7
Good 31 53
Unacceptable 0 0.0
Marginal adaptation

Very good 546 94.1
Good 34 5.9
Unacceptable 0 0.0

PLV = porcelain laminate veneer.

Postoperative parameters ana-
lyzed included crown lengthening
(no change, 46.5%; apical, 7.6%,;
and coronal, 45.9%) and presence
of gingival recession (no reces-
sion, 85.7%; physiologic recession,
14.3%). In the evaluation obtained

by the patient and dentist, the col-
or match of the veneers was estab-
lished as being very good (94.7%),
good (5.3%), or unacceptable
(0.0%). With regard to marginal ad-
aptation, the PLVs were classified
as very good (94.1%), good (5.9%),

or unacceptable (0.0%). Problems
observed in the PLVs were also
evaluated with regard to fracture/
chipping, debonding, microleak-
age, secondary caries, sensitivity,
and postoperative root canal treat-
ment (Table 5).
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Forty-two PLVs (7.2%) were re-
corded as being failures or unsuc-
cessful within the sample due to
fracture/chipping (3.4%), debond-
ing (2.0%), microleakage (1.2%),
secondary caries (0.2%), sensitivity
(0.2%), and postoperative root ca-
nal treatment (0.2%) (Table 6).

Discussion

Variations among materials, opera-
tors, and patients can contribute to
clinical failures.z® Therefore, clinical
research and studies are important
to evaluate the performance of
restorative materials and to deter-
mine the factors strongly related to
failures since certain intraoral con-
ditions cannot be reproduced in a
laboratory."

Studies have used modified
United States Public Health Service
(USPHS) or Ryge criteria?'2222% or

preparation design

IEL Y Frequency distribution of failures according to

E D/E D/D Total
Fracture/chipping 6 9 5 20
Debonding 0 0 12 12
Microleakage 0 2 5 7
Secondary caries 0 0 1 1
Sensitivity 0 0 1 1
Postoperative root canal 0 0 1 1

E = enamel surface; D/E = dentin exposure/enamel margin; D/D = dentin exposure/dentin margin.

a variation of the USPHS system
(modified California Dental Asso-
ciation [CDA]/Ryge criteria)®'"?2 to
perform postoperative evaluations.
However, there are many other fac-
tors that can be studied.z Thus,
some clinical studies have adopted
other parameters directed more to-
ward evaluation of the veneers.>813
Based on the guidelines described
in the literature and on questions
arising in daily clinical practice,
pre- and postoperative parameters
were established in this study in an
effort to cover the clinical factors
that influence the performance of
porcelain veneers in the simplest,
most clinical, and direct manner.
Longitudinal  evaluations  of
porcelain veneers have shown ex-
cellent results in a period of 5 to
12 years, with success rates rang-
ing between 85% and 98%.583 In
the longest follow-up with 3,500
porcelain veneers over 15 years,

the authors found a failure rate of
only 7%, two-thirds of which were
fractures (22%) or leakage and
(11%).” These data,

with reference to the high rate of

debonding

success, are in agreement with the
results obtained in this retrospec-
tive study.

In this study, a low failure
rate (7.2%) was computed during
the evaluation period. Fracture/
chipping (3.4%) and debonding
(2.0%) contributed greatly to this
value, although clinically, in many
instances, the parts could either be
repaired or recemented.

Some problems that occur
during the first year are generally
related to adhesive failure during
cementation and appear to oc-
cur most frequently in the first 6
months. Afterward, problems de-
cline or stabilize at low rates.? Bond
failures may have an influence
on marginal staining, gaps, and
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fractures of the ceramic since in-
complete impregnation or polym-
erization of the adhesive/cement
may accelerate the process of hy-
drolysis in the short term.> Over
time, these failures may be more
related to fatigue at the bond in-
terface or crack propagation within
the ceramic, resulting from either
masticatory forces, dissolution of
the resin matrix in the oral medi-
um, or the development of gaps
due to hydrolysis of the bonds
between the components of the
ceramic.?1415.24

There was a low rate of sec-
ondary caries (0.2%) in this study.
The location of the PLVs enabled
oral hygiene procedures to be per-
formed more easily. Consequently,
the occurrence of complications,
such as secondary caries and peri-
odontal disease, has not been
reported in many studies®'? but
could become a significant factor
according to the patient’s hygiene.®

The least common problems
associated with PLVs are marginal
discoloration and loss of color sta-
bility because all margins are in
areas in which hygiene is easy to
maintain, the porcelain is often eas-
ily finished and polished, and its
glazed surface is mostly impervious
to extrinsic staining.' Supragingi-
val preparations also had a positive
effect on the survival rate of porce-
lain veneers." In this study, margin-
al adaptation was considered good
or very good (100%), and there
was minimal microleakage (1.2%),
probably because the preparations
were situated at the gingival level,
which facilitated impressions and

cleaning of the margins. These fac-
tors may also have added to the
low rate of gingival recession. No
gingival recession was observed in
85.7% of PLVs.

The degree of satisfaction with
restoration shade is correlated with
the patient and dentist, and in this
study, no restoration was consid-
ered unacceptable (100% good/
very good) after the study period
with regard to color match. No oth-
er material is as capable of repro-
ducing the beauty and naturalness
of a tooth as porcelain. The esthet-
ics of these materials is related to
color, translucency, luminosity, and
metamerism, in which part of the
color comes from the adjacent tis-
sues, remaining dental structure,
neighboring teeth, coping, and the
cementing agent.?

Several clinical factors may in-
terfere with the success of restora-
tions. However, variations in cavity
preparation may explain many of
these differences.” Traditional ap-
proaches to veneer preparation
can lead to major dentin exposure
since the recommended prepara-
tion thickness values are frequently
close to the average measurements
of enamel thickness.?'

Enamel preservation can still
be achieved with bonded porcelain
restorations.37.10.152021 Al

though some studies' have found

veneer

no differences in the success rates
of veneers with dentin exposure
and those completely confined to
enamel, others’#'526 have empha-
sized that there is an increased risk
of failure when veneers are bond-
ed to large amounts of exposed

dentin or on an existing filling.
Nevertheless, more conservative
preparations undoubtedly help to
preserve tooth vitality and reduce
postoperative sensivity.?’

In addition to compressive
strength, the flexural strength of
the tooth/porcelain set may be af-
fected. Deeper preparation into
dentin, a substrate that has a much
lower modulus of elasticity than
porcelain, provides a less rigid
base for restoration placement than
enamel. This approach has resulted
in much higher fracture rates than
other enamel-supported restora-
tions. The residual dentin thickness
after preparation may therefore in-
fluence the life expectancy of the
restoration.¢?

The APT technique is based
on the "additive mock-up” de-
sign, which takes into consideration
the final
tion and has allowed a greater
preparations
to be completely confined to the

volume of the restora-

number of dental
enamel (80.5%), whereas without
the guide, the dentist resorts to
freehand preparation, invariably
exposing dentin.'??' The best way
to avoid unnecessary overprepara-
tion is to prepare the tooth in ac-
cordance with the APT restoration.?
In this study, low incidences of
sensitivity (0.2%) and postopera-
tive root canal therapy (0.2%) were
obtained. This was because the
approaches used preserved the
enamel, promoted a superior bond
to the dentin, lowered postcemen-
tation sensitivity, improved support
for the ceramic restoration, and re-
duced endodontic intervention.>?’
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Clinical follow-up of the porce-
lain veneers has been carried out
for long periods with the purpose
of obtaining more reliable data on
the longevity of the ceramic/silane/
resin cement/adhesive/tooth in-
terface, and the esthetic, biologic,
and functional results have been
considered encouraging.! Etched
porcelain veneers offer a predict-
able and safe treatment modality
that preserves a maximum amount
of sound tooth structure® and have
proven to be one of the most suc-
cessful treatment modalities that
modern dentistry has to offer."®

Conclusions

Within the limits of this investi-
gation, it may be concluded that
PLVs present a successful clinical
performance in terms of marginal
adaptation, gingi-

val recession, secondary caries,

discoloration,

postoperative sensitivity, and sat-
isfaction with restoration shade af-
ter 12 years of function. The APT
technique facilitated diagnosis,
communication, and preparation,
providing predictability for the re-
storative treatment. With the use
of APT restorations, over 80% of
tooth preparations were confined
to the dental enamel, significantly
increasing the clinical long-term
performance of PLVs.
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