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RESTORATIVE DENTISTRY

Scanning electron microscope image
of lithium disilicate (IPS e.max) that
has been polished and etched with
hydrofluoric acid for 20 seconds.

Will it last?
Analyzing the survival and loss of tooth vitality when choosing between
complete (crown) or partial coverage (inlay and onlay) restorations
Kenneth A. Malament, DDS, MScD
Mariam Margvelashvili-Malament, DMD, PhD, MSc

THERE IS SIGNIFICANT INCREASE IN LIFE EXPECTANCY and in the number of retained natural teeth at an older age.1,2 Although

preventive dentistry is widely practiced, dental caries remains a prevalent oral disease, causing irreversible loss of tooth structure. Tooth
structure loss through attrition, abrasion, erosion, or combination of these is also persisting among the world population.3-5

In a very simplified sense, restorative dentistry aims to remove
decayed dental tissues and restore what is lost with a material to
replicate its shape, shade, and function. Based on the amount of
remaining tooth structure, a clinician can choose between complete (crown) or a partial coverage (inlay or onlay) restoration.1,6,7
Preparations for complete coverage restorations are more
invasive,8 and because the tooth can have large failing restorations
and decay, there is widespread opinion that complete coverage
restorations result in higher number of loss of tooth vitality.8 Thus,
over many years, restorative dentistry has favored minimally
invasive procedures to preserve as much tooth structure as possible. Thus modern dentistry is shifting toward partial coverage
restorations even in the teeth that require lingual, occlusal, and
buccal coverage restorations.9,10 Partial coverage restorations are
indeed more conservative due to the nature of the preparation
and the path of insertion.8
Teeth have become a sign of social status, and patients request
tooth-colored restorations. This drive for more natural-looking
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materials has led the industry to move away from gold and other
precious metals. In fact, a dentist is faced with many resin and
ceramic products, making it difficult to decide which material
to choose for a clinical situation.11
Lithium disilicate was introduced to the dental market in
the early 2000s as IPS e.max Press (Ivoclar Vivadent) and has
become a popular material for anterior restorations, combining excellent esthetics with acceptable mechanical properties.12
However, its flexural strength of 470 MPa and fracture toughness of 2.54 MPa have led to questioning the use of lithium
disilicate restorations in the posterior region,13 where occlusal loads are higher14 and where materials with higher flexural
strength and fracture toughness such as monolithic zirconia
have been preferred.15,16
Moreover, there is a widespread assumption that e.max lithium
disilicate glass ceramic with a thickness less than 1 mm is more
susceptible to catastrophic fracture,17 which leads to more invasive
tooth preparations or avoidance of the material.

Which type of glass ceramic restoration in the posterior
dentition, complete or partial, performs better over a long
time remains unanswered. There is also no evidence-based
answer for the question of which type of restoration, complete or partial, results in higher incidence in the need for
endodontic therapy.
Therefore, we performed a prospective clinical study with
twofold aim:
1. To compare long-term clinical survival and the clinical factors
influencing the outcomes of adhesively bonded e.max lithium
disilicate glass ceramic complete and partial coverage restorations, and to evaluate the performance of e.max lithium
disilicate glass ceramic restorations in the posterior teeth.
2. To assess the incidence of teeth requiring endodontic therapy
after receiving either a complete or a partial coverage glass
ceramic restoration with up to 36 years of follow-up.
The prospective study was initiated in 1985 and the database
parameters as well as the recall method were adopted from previously published studies of the same group of researchers.18-25
Clinical confounding variables evaluated were: dental arch, tooth
position in the dental arch, age and sex of participant, ceramic
thickness, and type of restoration.
We are sharing our scientific findings to help clinicians in
decision-making and provide evidence-based answers when
choosing restorations and materials.
THE EXPERIMENTAL METHOD

Participants requiring single-unit, defect-specific, posterior partial coverage restoration; single-unit anterior or posterior complete coverage restoration; or a combination were recruited in a
clinical private practice. Only the participants who chose glass
ceramic restorations were included in the current study.
Participants in this study were at least 20 years of age and had
demonstrated full-mouth plaque score (FMPS) and full-mouth
bleeding score (FMBS) 25%. Teeth included in the study had
adequate periodontal support; no or limited mobility; and
adequate remaining tooth structure for the choice of a single-unit,
defect-specific, partial or complete coverage restoration; and
had to be vital.
The decision as to which type of glass ceramic restoration
(complete or partial coverage) considered the extent of damage,
presence of fracture lines, and resistance and retention form.6,7

Case 1: A clinical case of e.max lithium disilicate glass ceramic
partial coverage restoration. (A) caries present in a mandibular
premolar. (B) Preparation for a partial coverage restoration. (C)
e.max lithium disilicate glass ceramic partial coverage restoration
adhesively bonded.

For partial coverage restorations, defect-specific tooth preparations removed all the caries and created proper retention form.
Inlay or onlay partial coverage preparation design was then chosen
based on the remaining tooth structure.1 The complete coverage
restorations were approximately 1.2 mm in depth, and marginal
finishing burs were employed.
Restorations were completed in a conventional manner utilizing medium body polyether (Impregum, 3M ESPE) impression
Case 2: A clinical case of e.max
lithium disilicate glass ceramic
partial coverage restorations
as a part of complex fullmouth reconstruction. (A)
Preparation for partial coverage
restorations on maxillary molars
and premolars. (B) e.max
lithium disilicate glass ceramic
partial coverage restorations
adhesively bonded.
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Case 3: A clinical case of e.max lithium disilicate glass ceramic partial coverage restoration bulk fracture.

material. Lost-wax technique and a glass
ceramic pressing system were then used to
fabricate the definitive restorations.

the restoration(s) was evaluated, and the
incidence of postprosthetic root canal
therapy was assessed.

THE RESTORATIONS

THE RESULTS

After clinical evaluation and necessary
adjustment, all restorations were etched
(4.5% buffered hydrofluoric acid, IPS
Ceramic Etching Gel; Ivoclar Vivadent)
for 20 seconds, and silane (Monobond Plus;
Ivoclar Vivadent) was applied for 60 seconds. The teeth were etched with 38% phosphoric acid (Etch-Rite; Pulpdent), coated
with a desensitizer (Gluma Desensitizer;
Kulzer), and dentin bonded (Excite; Ivoclar
Vivadent). The restorations were adhesively luted with a light-polymerizing
resin (Variolink II; Ivoclar Vivadent) activated with an LED polymerization light
(Bluephase Style; Ivoclar Vivadent). All the
excess cement was removed thoroughly.
Prior to cementation, the following
parameters were entered or determined:
type of ceramics, type of restoration, restoration thickness measured by calipers at
up to seven points (mesial, distal, buccal,
lingual, mesial-occlusal, midocclusal,
distal-occlusal), tooth position, age and sex
of the patient. The restorations with at least
one of the above-described measurement
points less than 1 mm were grouped in the
thickness of less than 1 mm.
The participants were routinely
recalled every six months. The status of

Data collection began in 1985 and was
truncated for this analysis after almost
36 years in 2020. The study included 1,534
participants and 6,683 units, of which 3,496
were posterior complete, 1,007 posterior
partial, and 2,180 anterior complete coverage restorations. Out of 1,534 participants,
609 were men and 925 were women. The
mean age of the participant at the time of
restoration placement was 62 with a range
of 20 to 99 years.
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POSTERIOR VS. ANTERIOR

Posterior complete coverage restorations
had statistically significant higher biological failure rate than anterior. The overall
clinical performance of posterior complete
coverage restorations relative to biological
failure was still high with a cumulative survival of 95.15% over 35 years.
POSTERIOR COMPLETE VS.
PARTIAL COVERAGE

There was no difference in biological
failure rate between posterior complete
and partial coverage restorations. First
and second molars had the highest rate
of postprosthetic endodontic therapy in
both arches.

CUMULATIVE SURVIVAL

The clinical performance of 6,683 units up
to 36 years was excellent, with the estimated cumulative survival of 96.35%.
There were 84 biological failures (defined
as tooth needing postprosthetic endodontic therapy) recorded, out of which
61 occurred in posterior complete, 12 in
posterior partial, and 11 in anterior complete coverage restorations, providing a
crude estimate of an annual percentage of
biological failures of 0.16% with the survivor function time at 35.6 years. The incidence of 84 endodontic therapies occurred
during a cumulative monitoring period
of 51,564 years, with an overall survival
rate of 96.35%.

FAILURE RATE BY SEX

There was no difference in biological failure rate between men and women. There
was no statistically significant difference
in survivor function for total restorations,
or complete and partial coverage restorations, between men and women.
FAILURE RATE BY AGE

There was no difference in biological failure rate of different age groups.
TIME TO FAILURE

The survival of 2,392 posterior e.max lithium disilicate complete and partial coverage restorations placed in 738 participants

was evaluated at 17 years. Only 22 failures
were recorded with a 16-year cumulative
survival of 96%.
The average time to failure was 3.5 years.
No debonded restorations were recorded.
The majority of failures (77%) occurred
within 6 years. There were no failures
beyond 8 years of service.
TYPE OF BONDING

The data indicated that acid etched and
adhesively bonded monolithic IPS e.max
pressed lithium disilicate complete (97%)
and partial (95%) coverage restorations
exhibited excellent survival in the posterior teeth.
COMPLETE VS. PARTIAL

No statistically significant difference was
found between complete and partial coverage restorations.
Clinicians widely use complete coverage
restorations, especially in the posterior
dentition.26 However, the opinion leaders in
the dental community are becoming more
critical of the preparation protocols needed
for these restorations.27,28 Quantification of
preparation types showed a 68% to 76%
removal of tooth structure for complete
coverage restorations, which is significantly more than the amount removed
for partial coverage restorations.8
Other concerns associated with crown
preparation were postprosthetic need for
endodontic therapy, weakening of the
tooth, catastrophic root fracture, and
finally, the need for extraction.7,29 In contrast, indirect partial coverage restorations
can offer a minimally invasive treatment
procedure with reliable occlusal schemes.30
Although the difference was not statistically significant, neither in survival
rates nor in the need of endodontic
therapy, it provides scientific evidence for

encouraging clinicians to use partial coverage restorations in the posterior teeth given
that remaining tooth structure is adequate.
This is opposed to always leaning toward
complete coverage restorations, which,
in some respect, is still considered to be a
gold standard among clinicians.
However, this should not serve as an
encouragement for fabricating partial coverage restorations where they’re not indicated.
The newer dental trend entails insertion of two restorations (buccal and
lingual) for a single tooth. Although,
some studies have been
published using this
technique, their number
of patients and units is
very small and follow-up
time is shorter.9,10
If a tooth requires
buccal, occlusal, and
lingual coverage restorations, it is more convenient and financially
feasible to fabricate single
complete coverage restoration. Because there
is no difference in the
survival or loss of tooth
vitality, complete coverage restorations
should not be neglected. For a tooth that
has significant loss of tooth structure,
or requires restoration of several surfaces due to severe wear, a crown is a
well-validated treatment modality.

posterior dentition due to high occlusal
loads that could lead to premature fractures. In 2,392 posterior restorations studied over 17 years, only 22 fractures were
recorded. Most failures occurred within
the first 6 years and then declined, with
five additional failures at 8 years. There
were no additional failures in the 236 restorations with time in service of from 8
to 17 years. This declining failure rate
suggests a lack of fatigue degradation in
these longer-term restorations and will be
explored in a future publication.

The clinical performance
of 6,683 units up to 36
years was excellent, with
the estimated cumulative
survival of 96.35%.

THE ROLE OF MATERIALS

Ceramic materials have evolved dramatically over the last two decades,11 with
so many ceramic materials that choice
is based on personal preference and
opinion, rather than evidence. One such
widely spread opinion-based assumption
is to avoid the use of lithium disilicate in

Of the 22 failures, 18 occurred in the
molar region, and no debonding was seen.
Our group has previously reported that
Dicor glass ceramic has a higher risk of
fracture in the molar region. Although
there is also a trend of higher failure in
the molar region for the lithium disilicate,
no statistical significance was yielded.
Even for the mandibular second molars
that showed the highest failure rate (six
failures), the estimated annual risk of
failure was only 0.4% and without statistical significance. This provides evidence
for choosing lithium disilicate for the
molar region.

Case 4: A clinical case of e.max lithium disilicate glass ceramic complete coverage restorations as a part of complex full-mouth
reconstruction. (A) Anterior view of a severe wear case before treatment. (B) During treatment after complete preparations. (C) e.max lithium
disilicate glass ceramic complete coverage restorations adhesively bonded.
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The lack of influence of thickness can
be explained by the adhesive luting
protocol used for both complete and
partial coverage restorations.

have provided evidence-based answers
to these everyday clinical questions.
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