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UPDATE ON ESTHETIC RESTORATIVE DENTISTRY
TERRY DONOVAN D.D.S.

SYNOPSIS

The contemporary restorative dentist has a host of options with which to
help his or her patients. Many of these options are considerably less invasive
than many of our conventional restorative therapies. Many patients present for
esthetic restorative treatment, and are becoming increasingly sophisticated in
their expectations of the final results. Additionally, manufacturers are bringing a
myriad of new products to the market, often accompanied by a blizzard of
information purported to demonstrate the benefits and efficacy of these new
products.

This presentation will analyze both successful and failed cases to
delineate the procedures essential for success with conventional and
contemporary adhesive restorative dentistry. An objective comparative evaluation
of many of the newer products on the market will also be given, with an emphasis
placed on clinical manipulation of these products.

TOPICS TO BE COVERED INCLUDE:
1. Essentials for soft tissue esthetics in fixed prosthodontics.
2. Effective gingival displacement.
3. New materials and techniques for fabrication of provisional restorations.
4. Adhesive Restorative Dentistry

-enamel bonding

-dentin bonding

-review of conventional and contemporary composite resins
-diagnosis and restoration of class V lesions

-materials and techniques for posterior composites
-prevention of post-operative sensitivity

-controversies regarding curing lights

-lab processed composites and poly-glass materials
-porcelain veneers, inlays and onlays

5. Restoration of the Worn Dentition



COURSE OBJECTIVES

At the end of this course participants should be able to:

1.

Understand the critical determinants of soft tissue management with
metal-ceramic and all-ceramic crowns, including requirements for tooth
preparation and gingival displacement.

Understand the differences between different all-ceramic crowns
systems, and know which systems to consider and which to avoid.

Understand the importance of quality provisional restorations and know
which material and technique to use in specific clinical situations.

Understand the differences between enamel and dentin bonding, and
the differences between different dentin bonding agents.

Understand the indications and contra-indications of various posterior
restorative materials.

Understand the materials and procedures that should be used to
eliminate post-operative sensitivity.

Understand the complex etiologies related to the worn dentition.

Understand preventive strategies to prevent wear and erosion in young
patients and how to treat advanced wear cases.
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Predictable aesthetics with
metal-ceramic and all-ceramic
crowns: the critical importance of
soft-tissue management

TeERRY E. DoONOVAN & GEORGE C. CHO

The metal-ceramic crown was introduced to the pro-
fession over 4 decades ago. At the time there was
tremendous excitement generated by the concept
because it theoretically combined the aesthetics of
the porcelain jacket crown with the potential for
clinical longevity (27). However, it is likely safe to
state that most clinicians were somewhat disap-
pointed by the initial clinical results obtained with
this treatment modality. It is highly likely that most
early aesthetic failures with metal-ceramic restora-
tions were due to a combination of errors in tooth
preparation, cervical margin design and soft-tissue
management. Nevertheless, the disappointment
with metal-ceramic restorations was the genesis for
the development of numerous all-ceramic alterna-
tives to the metal-ceramic restoration.

The past 2 decades has witnessed the unpre-
cedented introduction of alternatives to the metal-
ceramic crown (1, 2, 4, 10, 14, 33, 34, 37, 47, 48, 53,
55, 60, 61). In addition, many different techniques
for fabrication of all-porcelain labial margins have
been developed to improve the inherent aesthetic
performance of metal-ceramic restorations (Fig. 1, 2)
(15, 29, 45, 46, 56, 57). In clinical situations with suf-
ficient remaining enamel, etched porcelain laminate
veneers may also be considered to restore the teeth
to both optimum aesthetics and function (Fig. 3) (9,
23, 25, 36). Thus, the contemporary clinician has a
host of indirect alternatives for the aesthetic restora-
tion of anterior teeth. It is also clear that ceramic
technology has matured to the point that it is poss-
ible to mimic nature and provide restorations that
defy detection to even the trained observer (Fig. 4).

However, it is equally clear that the clinical results
achieved by most of the profession fall far short of

Fig. 1. The routine use of intrinsic coloration and all-por-
celain labial margins has significantly improved the aes-
thetics of metal-ceramic restorations. Note the textured
opaque that enhances light refraction.

Fig. 2. These anterior crowns with all-porcelain labial
margins demonstrate excellent aesthetics in the cervical
third of the restorations.
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Fig. 3. Because of the contact lens effect, porcelain veneers
can be placed with supragingival margins, thereby in-
suring an optimal periodontal response.

Fig. 4. With intrinsic coloration techniques and trans-
lucent body and incisal porcelains, natural aesthetics can
be achieved with contemporary metal-ceramic restora-
tions.

this lofty goal. Failure to obtain optimum results
probably has less to do with the restorative medium
chosen than it does with failure to adequately pre-
pare the soft and hard tissues to receive the restora-
tions (Fig. 5, 6) (8, 16). In order to achieve aesthetic
and functional success with any and all of these
modalities, it is imperative that the clinician first
bring the gingival tissues to optimal health prior to
definitive tooth preparation and maintain this state
of health through the provisional stage (7, 13, 17).
Finally the clinician must understand the nature of
the restorative materials to be utilized and prepare
the teeth adequately in the correct planes to provide
sufficient room for the chosen materials. He or she
must also accurately communicate the aesthetic
treatment plan to a laboratory technician or cera-
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mist capable of fabricating restorations of the
highest caliber (35).

It is beyond the scope of this chapter to discuss all
the important parameters essential for success with
anterior indirect restorations. However, we strongly
believe that excellent clinical results can be achieved
with many different ceramic systems providing that
the soft tissue is managed properly, the teeth are ad-
equately prepared and a quality laboratory technol-
ogist is used. The details regarding optimum tooth
preparation are well known and have been ad-
equately described elsewhere (43, 50, 51). Cervical
margin geometry with ceramic restorations is well
understood and has also been thoroughly discussed
(19).

This chapter discusses the essentials of soft tissue
management inherent in intracrevicular restorative
dentistry related to anterior teeth. The clinician faces
two basic problems with soft tissue management. In

Fig. 5. This metal-ceramic crown is an aesthetic failure
due to under-preparation and poor soft tissue manage-
ment.

Fig. 6. The crown shown in Fig. 5 was replaced with a Cap-
tek restoration after the tooth was adequately prepared.
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Fig. 7. These anterior teeth have been adequately pre-
pared, but are aesthetic failures due to poor choice of
margin geometry and recession due to poor soft tissue
management.

Fig. 8. These anterior restorations have failed due to me-
diocre laboratory support and recession due to improper
soft tissue management.

the situations in which restorative margins are to be
placed in the gingival sulcus and are intended to be
hidden by healthy gingival tissues, the goal is to
maintain tissue health and at the same time prevent
recession and subsequent exposure of the restorative
margin (Fig. 7, 8). The second problem is to place
the restoration deep enough in the sulcus to avoid
detection and at the same time keep the margin an
appropriate distance from the attachment or crest
of the alveolar bone so that biological width is not
violated (Fig. 9-11) (24, 26, 41).

Preventing gingival recession

It is important to understand that gingival recession
is not an inevitable consequence of aging but rather

Fig. 9. This restoration has failed due to improper tooth
preparation resulting in over-contour and opacity, and
poor soft tissue management in the form of biological
width violation.

Fig. 10. These restorations are overcontoured due to inad-
equate tooth preparation, and the chronic inflammatory
response is due to biological width violation.

Fig. 11. After removal of the restorations in Fig. 10, the
under-reduction of the teeth for metal-ceramic restora-
tions is evident. Note that the cervical finish lines are
located deep in the gingival crevice.
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a result of some sort of pathogenic process. If excel-
lent gingival health is attained prior to definitive
margin placement and appropriate restorative tech-
niques are utilized during therapy, the relationship
between the prepared cervical margin and the gingi-
val tissues can be very stable over the long term. This
assumes adequate professional maintenance and
personal oral hygiene over the long term.

There are five major strategies for preventing gin-
gival recession when placing anterior indirect res-
torations, and all are primarily under the control of
the clinician. These strategies include:

® attaining optimum soft tissue health prior to im-
pression making;

® minimizing iatrogenic soft tissue trauma during
margin placement and gingival displacement pro-
cedures;

e providing provisional restorations of excellent
quality;

e eliminating all excess temporary cement; and

® waiting an appropriate time period to allow the
tissues to heal after periodontal surgical therapy.

The first, and perhaps most important strategy, is at-
taining optimum soft tissue health prior to deter-
mining the final cervical margin location and mak-
ing the final impression. This principle is self-evi-
dent but is often ignored in the interests of
expediency.

It is highly unlikely that a patient requiring
multiple anterior indirect restorations would present
with optimum soft tissue health (39). The clinical di-
agnosis may range from mild gingivitis to chronic
periodontitis, and it is critical that an accurate diag-
nosis be made and that the appropriate therapy be
initiated. In situations with significant periodontal
destruction, this is usually accomplished.

However, with mild gingivitis, the teeth are often
prepared, provisional restorations are fabricated and
impressions are made at the same appointment.
This expedited approach is a prescription for disas-
ter. First, the gingival inflammation complicates
what should be relatively simple, innocuous gingival
displacement and impression procedures. More im-
portantly, it is reasonable to assume that the patient
will make an improved effort to comply with oral hy-
giene procedures during the provisional phase or
after cementation of the expensive definitive restora-
tions. When this occurs, the gingival inflammation
will resolve or at least be reduced, in which case the
tissues move in an apical direction, frequently ex-
posing the crown margins. This may occur either
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during the provisional phase or after cementation of
the definitive restorations. In either situation, the cli-
nician is faced with a catastrophic aesthetic failure.

The ideal approach is to delay final margin loca-
tion determination until after the gingival tissues
have attained a state of optimum health. In most
situations with multiple anterior restorations, the
teeth are prepared after initial scaling and prophy-
laxis, with cervical margins in a supragingival posi-
tion. Excellent indirect provisional restorations are
fabricated that restore optimum crown contours,
provide excellent marginal integrity, provide access
for optimum oral hygiene procedures and provide
for occlusal and interproximal stability and patient
comfort (20, 32, 44, 62). In addition, these pro-
visional restorations should provide important diag-
nostic information to the clinician and can be alter-
ed intraorally until approved aesthetically by the pa-
tient. At this point, the provisional restorations can
serve as the blueprint for the definitive restoration,
and the clinician can move forward to the laboratory
phase of restoration fabrication with confidence (13,
17).

After quality provisional restorations have been
provided, definitive periodontal therapy is per-
formed. When adequate healing has occurred and
the tissues are deemed healthy using conventional
clinical parameters, gingival enhancement is
achieved by placing the patient on a weak chlorhex-
idine rinse (such as Peridex®, Colgate-Palmolive,
Cincinnati, OH) for 2 weeks (54). The optimum loca-
tion for the cervical margin in the gingival crevice
is determined, and the margin dropped to this pre-
determined position. Specific criteria for this margin
placement will be given later in this chapter. At this
juncture the provisional restorations are relined or
remade to restore marginal integrity, impressions are
made and the patient is instructed to continue use of
the mouthrinse until the definitive restorations are
permanently placed.

In order to avoid iatrogenic recession, it is critical
that the rotary instrumentation used to drop the cer-
vical finish line to its final intracrevicular position
not damage the soft tissue. A gingival retraction cord
soaked in water should be placed into the sulcus for
3-5 minutes prior to margin preparation. After re-
moval of the cord, a defined space will permit pre-
cision placement of the finish line with minimal
chance for iatrogenic trauma. The use of rotary in-
struments specifically designed to minimize damage
is highly recommended (Abrasive Technology Tissue
Protection Diamonds, Premier Dental Products,
Norristown, PA) (Fig. 12).



Predictable aesthetics with metal-ceramic and all-ceramic crowns

Fig. 12. These tissue protection diamonds are specifically
designed to prevent trauma to the soft tissues when drop-
ping cervical finish lines to their final intracrevicular posi-
tion.

It is also critical that the attachment apparatus not
be iatrogenically damaged during gingival displace-
ment procedures. Much of the iatrogenic damage
that occurs during gingival displacement is a result
of placing a cord deep in the sulcus of inflamed
tissues. The previously articulated philosophy of at-
taining optimal gingival health prior to definitive
margin placement, coupled with a finish line that is
by design placed a short distance into the gingival
sulcus, permits relatively atraumatic retraction pro-
cedures. A retraction cord of the appropriate diam-
eter (Ultrapack Retraction Cord, Ultradent Products,
Salt Lake City, UT) soaked in a documented hemo-
static agent (Hemodent, Premier Dental Products)
should be placed into the gingival sulcus for 8-10
minutes (18, 40). One critical procedure to prevent
damage at this juncture is to thoroughly soak the re-
traction cord with water prior to removal from the
gingival sulcus. Histological evaluation has demon-
strated that removal of a dried cord from the sulcus
tears the inner epithelial lining, initiates bleeding
and may cause irreversible recession (3).

The attainment of optimal tissue health prior to
impression making, the use of gingival enhancement
and use of an atraumatic preparation, displacement
and impression technique are all critical compo-
nents of effective soft tissue management and the
prevention of recession. An equally important com-
ponent is the fabrication of provisional restorations
of excellent quality. This area of therapy is too often
neglected by many practitioners, and the restora-
tions provided can at best be termed “temporaries”.
The provisional restorations may be made early in
the restorative sequence as part of the healing phase

of therapy or after the preparations are finalized. No
matter where in the sequence they are fabricated,
the provisional restorations must have appropriate
crown contours and excellent marginal integrity and
provide adequate aesthetics. It is beyond the scope
of this chapter to discuss techniques for provisional
fabrication, and that information is readily available
(20, 32, 44, 62). We prefer a combination indirect and
direct technique, but whatever technique is utilized,
the aforementioned criteria must be met.

Cementation of the provisional restorations is a
critical step. If all-ceramic restorations are planned,
a non-eugenol cement should be used to prevent
any inhibition of polymerization of the resin cement
with eugenol contained in zinc-oxide eugenol ce-
ments (49). If a conventional cement such as glass-
ionomer or zinc-phosphate is to be used for the de-
finitive restorations, a zinc-oxide eugenol temporary
cement (Temp-Bond, Kerr Dental Mfg., Romulus,
MI) is preferred. While zinc-oxide eugenol cements
are no longer considered obtundant to pulpal
tissues, they do provide an excellent initial seal of
the preparation perhaps due to their anti-microbial
effects, and this seems to eliminate or reduce sensi-
tivity during the provisional stage. Zinc-oxide eu-
genol is, however, a potent soft tissue irritant, and
regardless of which type of temporary cement is
used, it is critical to remove every remnant of tem-
porary cement from the sulcus before dismissing the
patient.

This may seem like a rather mundane recommen-
dation, but at the termination of a long appointment
it is very easy for the operator to be less than meticu-
lous with excess cement removal, and any speck of
temporary cement left in the sulcus will result in gin-
gival inflammation. This inflammatory reaction is re-
versible upon removal of the irritant, but often a
slight amount of recession will occur subsequent to
the healing process. This recession, however slight,
is detrimental to the long-term goal of hiding the
margin beneath healthy tissue.

Patients requiring multiple anterior restorations
frequently also require definitive periodontal surgi-
cal therapy for pocket elimination or crown length-
ening. In these situations it is critical to delay gingi-
val displacement and impression procedures after
the surgery to allow sufficient time for stabilization
of the gingival crest. Many experts believe that a
waiting period of 6 to 8 weeks is sufficient to attain
adequate stability, but for many patients this time
frame is too short. One excellent study demonstrated
that, in many patients, the gingival crest tissues con-
tinued to recede for 5 to 6 months after the surgical
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Fig. 13. This fixed partial denture is not acceptable due to
recession of the gingival tissues.

procedure (58). It appears empirically that patients
with thin, scalloped gingival tissues are more prone
to recession than those with thick, flat tissues. This
prolonged waiting period of 5 to 6 months would
seem to be essential with the former type of patient.
These patients will obviously be wearing provisional
restorations for a prolonged period, and a recom-
mended precautionary procedure is to remove and
re-cement these provisional restorations approxi-
mately every 6 weeks to prevent leakage and sub-
sequent recurrent caries.

In summary, recession of the gingival tissues as-
sociated with anterior crown placement is prevent-
able. Attainment of optimum gingival health prior to
determination of the final margin location is manda-
tory. Atraumatic tooth preparation and gingival dis-
placement techniques are essential. Fabrication of
quality provisional restorations is perhaps one of the
most important factors for predictable success.
Meticulous removal of excess temporary cement is
obviously critical. Finally, provision must be made
for tissue shrinkage after periodontal surgical pro-
cedures. If all these strategies are utilized and patient
compliance is gained with oral hygiene procedures,
placement of anterior restorations with minimal gin-
gival recession is predictable and so is the expected
outcome (Fig. 13-15).

Gingival inflammation

While gingival recession exposing restorative mar-
gins is a frequent occurrence with anterior restora-
tions, a far more pervasive problem is that of chronic
marginal inflammation associated with restorations
with subgingival margins. Many years ago such in-
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flammation was attributed to poor oral hygiene, and
patients were admonished to improve their oral hy-
giene practices, usually to no avail.

With metal-ceramic restorations, the configur-
ation of the cervical margin can affect plaque ac-
cumulation due to inherent differences in rough-
ness. Highly polished metal margins or glazed por-
celain margins are certainly smoother and less
conducive to plaque accumulation than disap-
pearing margins with a critical interface area of oxid-
ized metal and opaque and porous body porcelain
(6, 28, 38, 59). The use of disappearing shoulder mar-
gins should be discouraged because of this inherent
roughness and potential for plaque accumulation
and concomitant gingival inflammation.

While both oral hygiene and cervical margin de-
sign may be causative factors for gingivitis, the pri-
mary causative factor with chronic gingival inflam-

Fig. 14. An acrylic resin provisional restoration has re-
placed the fixed partial denture in Fig. 13 and will act as
the blueprint for the definitive restoration.

Fig. 15. This metal-ceramic fixed partial denture essenti-
ally duplicates the aesthetic result achieved with the pro-
visional restoration in Fig. 14.
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mation surrounding anterior restorations is violation
of biological width (Fig. 16, 17) (24, 26, 41). For many
years, clinicians were taught that the margin of
choice with metal-ceramic crowns was a metal col-
lar, and aesthetics were theoretically achieved by
attempting to hide the metal margin deep in the gin-
gival sulcus. The folly of this approach has been
known for many years, and contemporary clinicians
generally utilize all-porcelain margins where indi-
cated, thus eliminating the necessity for placing the
margins deep in the gingival sulcus.

However, it is tempting for many clinicians to place
cervical finish lines deep into the sulcus with the ob-
jective of preventing margin exposure in the event
some gingival recession does occur. This is precisely
the wrong approach. Placing the margin deep into the
sulcus creates difficulties with gingival retraction and
increases the likelihood that irreversible damage
leading to recession might occur. In addition, clinical
studies on margin location indicate that the closer the
restorative margins are placed to the epithelial attach-
ment, the poorer is the periodontal response (21, 22,
42). Expressed in reverse, the studies show the further
arestorative margin is from the attachment, the better
is the soft tissue response.

Specific recommendations have been made in the
literature. One popular philosophy is to place the
prepared finish lines 0.5 mm from the healthy free
gingival margin (5). This concept addresses the in-
herent variability among operators when attempting
to determine the location and depth of the attach-
ment. Because of this demonstrated inability to con-
sistently determine the position of the periodontal
attachment, the healthy free gingival margin is used
as the best available anatomic landmark. This is a
compromise, but for most practitioners is an accept-
able solution. A more precise philosophy is to sound
through the attachment with a periodontal probe to
determine the exact location of the alveolar crest.
This concept places cervical margins no closer than
3.0 mm from the measured alveolar crest (30, 31).

Given these recommendations for cervical margin
placement, we believe that most finish lines are
placed in a position that is too deep into the sulcus.
It is likely that the cause of chronic inflammation
around the majority of anterior restorations is bio-
logical width violation due to the location of the
margins relative to the attachment. The major error
made by many clinicians is the failure to follow the
anatomic sculpting of the tissues and alveolar bone,
especially in the interproximal area, and thus inter-
proximal margins are placed too close to the attach-
ment (Fig. 18, 19).

Fig. 16. Soft tissue management is equally as important
with all-ceramic crowns as it is with metal-ceramic
crowns. Note the biological width violation resulting from
margins placed too deep in the gingival sulcus.

Fig. 17. The all-ceramic crowns in Fig. 16 have been re-
moved. The cervical finish lines are too deep primarily in
the inter-proximal areas, where the preparations have
failed to follow the scalloped pattern of the soft tissues
and underlying alveolar crest.

Fig. 18. The chronic inflammatory response around these
anterior crowns is a result of margins placed too deeply
in the sulcus.

127



Donovan & Cho

Fig. 19. After the crowns in Fig. 18 have been removed, it
is clear the margins had been placed too deep into the
sulcus. Crown lengthening will be required to move the
attachment to a more apical position.

Most authorities recommend that, whenever poss-
ible, cervical margins should be placed in a supra-
gingival location to obtain optimum soft-tissue
health (52). Other advantages resulting from supra-
gingival margins are ease of impression making and
improved ability to evaluate the quality of the mar-
gins (11). With porcelain laminate veneer restora-
tions, such an approach is recommended due to the
inherent translucency of the veneers, which creates
a “contact lens effect” and effectively blends the ve-
neer imperceptibly into the cervical portion of the
tooth (Fig. 3) (36).

However, when crown restorations are required,
cervical margins are generally placed in an intracrev-
icular location, as it is usually impossible to blend
in crowns imperceptibly with tooth structure. It is
important to consider the patient’s individual smile
prior to determining the specific margin location
when placing anterior restorations. As many as 25%
of patients display no anterior gingival tissues with
a normal or even exaggerated smile (12). With the
appropriate informed consent, it is possible to place
crown margins in a supragingival location in these
patients without compromising the functional aes-
thetic result. This supragingival positioning of the
cervical margins greatly simplifies any problems
with soft tissue management.

In summary, chronic marginal inflammation as-
sociated with anterior restorations can be prevented
by placing crowns with smooth, precise margins in
the proper intracrevicular position. That position is
a relatively short distance into the sulcus (0.5 mm) as
measured from the crest of healthy gingival tissues.
Margins must be a minimum of 3 mm from the al-
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veolar crest, and patients must be instructed in and
encouraged to perform optimum oral hygiene pro-
cedures (Fig. 20-22). Finally, depending on the initial
diagnosis and level of disease, an appropriate recall
and maintenance program must be initiated.

Summary and conclusions

The many advances that have occurred in the field
of fixed prosthodontics and ceramics allow fabri-
cation of metal-ceramic and all-ceramic restorations
that mimic nature and frequently deny detection.
However, no matter how natural and lifelike such
restorations may be, the final aesthetic result de-
pends most on the health of the surrounding gingi-
val tissues. The key to success is effective soft tissue

Fig. 20. These anterior restorations have several aesthetic
deficiencies both in terms of the restorations themselves
and the soft tissue management.

/ANy

Fig. 21. After the appropriate periodontal therapy for the
patient illustrated in Fig. 20, acrylic resin provisionals
were fabricated and tested intraorally to develop optimum
aesthetics.
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Fig. 22. The definitive restorations basically duplicate the
aesthetic result achieved with the provisional restoration
in Fig. 21.

management with the primary goal of healthy gingi-
val tissues covering sound, smooth restorative mar-
gins.

The essential details of effective soft tissue man-
agement have been explained. It is important to
understand that these principles are equally import-
ant with both metal-ceramic and all-ceramic crowns.
Meticulous attention to detail is essential and will
result in a high degree of predictable success regard-
less of which restoration is chosen.
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