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Abstract
A patient exhibited severe abrasion of resin posterior denture teeth including perfo-
ration of the denture base. New dentures were provided to explore the application
of zirconia teeth for complete dentures. [Correction added to online publication 07
November 2012: “Zirconium” corrected to “Zirconia”.] Traditional denture procedures
were combined with fixed prosthodontic CAD/CAM procedures to fabricate custom-
designed four-tooth posterior segments in hollow crown form to reduce weight and
with a retentive form for interlocking to the denture base. The new dentures were
successful in reducing wear of the denture teeth over the short-term follow-up period.

Zirconia is currently used in numerous applications, includ-
ing crowns, fixed dental prostheses (FDPs), dowels, cores, im-
plants, implant abutments, and orthodontic brackets.1-3 Of these
applications, fixed prosthodontic restorations are the most rel-
evant for complete dentures. Due to its compression resistance
of approximately 2000 MPa,1 zirconia has been shown to be
effective for posterior teeth of fixed prostheses supported by
and/or opposing natural teeth or implant-supported restora-
tions. Given that soft-tissue-supported prostheses experience
less masticatory force, the application of zirconia to dentures
can be reasonably extrapolated from the use of zirconia in cur-
rent practice.

Zirconia stabilized with 3% Y2O3 (3Y-TZP) is the form most
commonly used for dental restorations.1 In the following clin-
ical report, the Y-TZP zirconia system included an alloy of 5%
Y2O3 with 3% HfO2 and less than 1% Al2O3 (crystal diamond
high translucency YZ zirconia, DLMS-crystal zirconia). As re-
ported by the manufacturer, this type of zirconia has a flexural
strength of 950 MPa. The posterior tooth segments for this den-
ture application were formed entirely in zirconia as there was no
specific functional or esthetic advantage for layering porcelain.

Zirconia has numerous characteristics that make it attractive
for use in dental restorations, including the proposed denture
application. Zirconia is neither cytotoxic nor mutagenic, and it
has been shown to induce a smaller inflammatory response in
tissues and less bacterial colonization than other restorative ma-
terials.3,4 Zirconia is tooth colored and opaque, providing a de-

sirable alternative to fabricating less-esthetic porcelain-fused-
to-metal frameworks. Unlike most brittle, moderately strong
ceramic materials that are subject to failure, zirconia ceramic
has been shown to inhibit crack growth.5 It also has been shown
to wear less than other ceramic materials when opposed by zir-
conia during testing6 and to cause less wear on antagonists than
other ceramics do.7

Clinical report
A 50-year-old patient with 13.5-month-old complete maxillary
and mandibular dentures was referred for evaluation and treat-
ment. The dentures exhibited normal contact of the anterior
teeth but extreme wear in the posterior areas, with a higher
degree of wear on the left side than on the right. The patient’s
occlusal vertical dimension (OVD) was maintained by the ante-
rior teeth, which exhibited no abrasion. The degree of abrasion
on the posterior teeth resulted in a 5 to 7 mm interocclusal
space in the most severe areas. Abrasion occurred to the extent
that the maxillary denture was perforated through the denture
base with an opening of approximately 7 × 20 mm (Fig 1). The
referring dentist reported that the patient’s previous dentures
also exhibited a similar degree of abrasion over a period of
27 months. Both sets of dentures consisted entirely of resin-
based denture teeth.

During the initial consultation, the patient reported having
numerous teeth extracted immediately before the first dentures.
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Figure 1 (A) Anterior teeth displayed no wear and maintained the OVD.
(B) Tooth abrasion resulted in lack of occlusion of posterior teeth. (C)
Greater wear occurred on patient’s preferred chewing side. (D) Wear
pattern extended beyond tooth surfaces resulting in perforation of the
denture base.

Figure 2 (A) Zirconia teeth were milled in four-tooth segments. The
teeth were milled in a hollow form to reduce the weight of the zirconia
teeth. (B) Holes were created in subgingival areas of the segments in
the presintered stage to provide retention to the denture base.

He described wearing the dentures at night and using denture
adhesive throughout the 40-month denture-wearing period. No
unusual habits such as holding or biting objects with the teeth
were identified. Upon reviewing his diet, the patient reported
no unusual patterns except for frequent snacking on sourdough
pretzels. He also reported being told that he had a bruxing
habit.

Figure 3 The zirconia segments were filled with tooth-colored compos-
ite to prevent discoloration by the pink denture base resin. Additional
retention was created in the composite filler.

Figure 4 Trial insertion with resin denture teeth set in a customized
arrangement. Posterior teeth were scanned to generate the full-contour
pattern for milling the zirconia teeth.

Figure 5 (A) Impressions were made of the posterior segments of the
trial denture. The segments were replicated in a material for trimming.
The segments were indexed to the denture base for accurate reposition-
ing. (B) The segments were trimmed to fixed prosthodontic abutment
form. (C) The prepared abutment segments were repositioned in the
denture base for scanning. (D) The prepared abutment segments were
scanned and the abutment scans were merged with the full-contour
scans to generate the zirconia tooth segments.
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Figure 6 The milled, sintered, and glazed segments were repositioned
in the denture base with the anterior teeth. Occlusion and patient accep-
tance of the esthetic arrangement were verified during a trial insertion.

The oral examination revealed prominent ridge form on both
arches. The patient’s current dentures were evaluated and found
to be well adapted and stable on the ridges. Retention could not
be adequately assessed in light of the large perforation. The ab-
sence of posterior occlusion was considered to be a significant
reason for the reliance on denture adhesive, as functioning only
on anterior teeth would dislodge the dentures. The soft tissues
appeared normal, and there were no indications of tissue irri-
tation, tissue indentations, or pressure spots as might be seen
with clenching or bruxing. Except for the extreme wear of the

Figure 7 (A) The dentures were processed, refined, and polished. (B)
The dentures were provided to the patient after routine adjustments.

Figure 8 (A) At 8 months, dentures show loss of luster on the denture
base areas. Teeth exhibit no wear. (B) The patient at 8 months depicting
dentures with intact posterior occlusion.

dentures, the patient was evaluated as a class I patient based on
the Prosthodontic Diagnostic Index.8

The wear pattern on the dentures was consistent with lo-
calized abrasion, which could not be attributed to attrition, as
there was no potential for frictional contact of the posterior teeth
after the initial wear (Fig 1B, C). Since significant abrasion only
occurred on the posterior teeth, the cause of abrasion was likely
due to a material or object large enough to account for the 5 to
7 mm spaces in the posterior areas. The patient reported con-
suming three 16-oz bags of sourdough pretzels (Utz Quality
Foods, Inc., Hanover, PA) per week during the 40-month period.
Sourdough pretzels are characterized by thick loops of dough, a
hard inner consistency, and a rigid crust with exposed large salt
granules. The width of the pretzel loops (approximately 13 to
15 mm) was sufficient to have caused the posterior tooth wear.
The projecting salt granules could have served as an abrasive
material, and the large granule size (approximately 1 to 2 mm
in diameter) may have increased abrasion due to a prolonged
period needed to dissolve the salt.

Once the abrasion was attributed to the pretzels, the recom-
mendation was made to the patient to reduce his consumption.
When planning new dentures, the use of resin-based, including
composite-based, posterior denture teeth was ruled out.
Implant-supported prostheses were not acceptable to the pa-
tient. Other alternatives considered to prevent similar abrasion
included the use of porcelain denture teeth or metal onlay den-
ture teeth; however, potential chipping or fracturing of porcelain
teeth was a concern, and metal onlay teeth were regarded as
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esthetically unacceptable. The patient was informed that
zirconia is used for restorations on natural teeth and on dental
implants and may be an abrasion-resistant option for complete
dentures. The patient was receptive to the possibility of
obtaining more durable dentures and retained the option for
conventional dentures in the event the effort was unsuccessful.
This patient provided an opportunity to explore the application
of zirconia teeth in complete denture procedures.

Various macromechanical forms are possible to provide re-
tention of the teeth in the denture base. For this patient, retention
was accomplished by drilling several holes in the subgingival
areas of the zirconia teeth during the presintered stage (Fig 2).
This method was used instead of bonding the denture base to the
zirconia, because zirconia is typically not amenable to bonding
without additional preparation of the zirconia surface. Bonding
may be beneficial, however, to prevent potential leakage and
staining at the interface of the denture base and teeth. Several
procedures have been investigated to create a retentive and ac-
tive surface on zirconia for bonding. These include (a) fusing
a slurry of zirconia powder and “pore former” to the surface
of the pre- or postsintered zirconia and later burning off the
“pore former” to create a micromechanical surface for bond-
ing,9,10 and (b) using selective infiltration etching whereby a
glass-containing compound is heated to molten stage for diffu-
sion along grain boundaries. Upon cooling, the glass would be
dissolved in an acid bath, exposing a retentive surface.11,12 A
third procedure involves fusing etchable porcelain to the zirco-
nia, followed by etching the porcelain with hydrofluoric acid
to create micromechanical retention to resin.13-16 Additionally,
two systems are commercially available for embedding silica
on the surface of zirconia using air abrasion with aluminum tri-
oxide particles modified with silica. A laboratory version uses
110 µm silica-coated alumina particles (Rocatec, 3M ESPE,
St. Paul, MN), while a chairside system uses 30 µm particles
(CoJet, 3M ESPE).17-21 Both systems embed silica onto the zir-
conia surface, making the surfaces chemically reactive to resin
with silane coupling agents. In this denture procedure there was
no compelling need to incorporate micromechanical retention
in the denture teeth unless staining at the interface had been
observed to occur. The custom milling process and the hollow
form of the teeth provided a reliable and efficient means for
retention of the teeth to the denture base. Micromechanical re-
tention and/or chemical adhesion features are more valuable
for fixed prosthodontic restorations.

Hollow denture teeth, similar in form to conventional crowns
or FDPs (Fig 2), were considered to be preferable to solid
teeth to reduce the weight of the denture teeth without sac-
rificing strength. Zirconia is substantially heavier than tradi-
tional porcelain or resin; even in a hollow form, the zirconia
teeth were approximately three times the weight of porcelain
teeth and five times the weight of resin-based teeth. A poten-
tial complication of the hollow design could have been discol-
oration, if the moderately translucent zirconia teeth were filled
and processed with a pink denture base resin; however, this
problem was avoided by filling the zirconia teeth with tooth-
colored resin immediately prior to processing the denture bases
(Fig 3).

Denture teeth were not available in zirconia molds or shades,
and no computer software program designed to fabricate den-

ture teeth in zirconia was known to the authors at the time of
this procedure. Such a computer program likely would have
provided not only the mechanism for designing and milling
the zirconia teeth, but also a method for accurately positioning
the zirconia teeth on the denture base throughout the process.
A software program and milling equipment designed for fixed
prosthodontic procedures were used to the extent possible, and
laboratory procedures were adapted as needed.

Clinical and laboratory procedures

The clinical phase for the zirconia dentures followed traditional
complete denture procedures for the preliminary and master im-
pressions, as well as for refinement of the occlusal rims and for
interocclusal records. The new zirconia dentures were designed
to include resin-based anterior teeth since no wear occurred in
the anterior areas of the previous dentures. Denture teeth were
set to create a customized arrangement, which was checked in-
traorally for optimal esthetics and occlusion (Fig 4). Laboratory
procedures also paralleled traditional complete denture proce-
dures, except for the fabrication and processing of the zirconia
teeth.

The zirconia teeth were processed in four-tooth posterior seg-
ments. A customized arrangement of the teeth for trial dentures
was completed prior to scanning; therefore, no benefit would
have been derived by milling 16 individual teeth. A CAD/CAM
system for fixed prosthodontic zirconia restorations was used
to design and fabricate the zirconia denture tooth segments
(DLMS-Crystal Zirconia, Scottsdale, AZ). First, a scan was
made of the posterior segments of the trial tooth arrangement to
generate the full contours and occlusal anatomy of the zirconia
teeth. Next, an impression was made of the posterior segments
of the trial tooth arrangement, the impression was poured in
stone, and a vacuum-formed shell was created for each segment.
The posterior teeth were removed from the trial denture bases,
and indexing areas were formed in the trial bases for eventual
repositioning of the segments. Using the vacuum-formed shells,
the posterior segments were replicated in a semirigid polyether
impression material (Ramitec, 3M ESPE) on the denture bases
while registering the indexing areas. The posterior segments,
formed with a material (Ramitec) with properties that facili-
tated carving (Fig 5), were removed and carved to simulate
tooth preparation form for crowns. The carved segments were
repositioned on the denture bases using the indexing areas.
Then, the carved segments were scanned to serve as prepared
dies for the design of crown segments by the computer pro-
gram. The computer program integrated the initial scan of fully
contoured teeth onto the tooth preparation scan to enable the
designing, processing, and milling of each four-tooth fixed-
prosthodontic-type restoration.

All segments were milled to provide zirconia thickness of
approximately 1.5 mm except for the margin areas (Fig 2).
The segments were formed using zirconia (DLMS) and milled
(CBMS, Cercon, Dentsply Intl, York, PA). After milling and
prior to sintering the segments, perforations were made in the
subgingival areas of the teeth for retention of the segments
within the denture base. The segments were then stained, sin-
tered, further stained, and glazed.
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The zirconia segments were repositioned in the trial denture
bases and were evaluated intraorally to confirm proper occlusal
relationship (Fig 6). The soft tissue areas of the dentures were
refined in the trial dentures and prepared for processing. After
flasking the dentures and eliminating the denture base wax,
the zirconia segments were filled with tooth-colored resin (Vita
Zeta, Vita Zahnfabrik, Bad Säckingen, Germany). Additional
retention was created in the resin that filled the segments (Fig 3).
The dentures were processed, removed from the flasks, cleaned,
and polished. They were provided to the patient with routine
checks and adjustments. Occlusal adjustments were made using
conventional diamond burs and polished with rubber wheels
(Dedeco Classic #4950 and #4960, Dedeco Intl., Long Eddy,
NY) (Fig 7).

The patient was followed for 8 months prior to this publi-
cation. At the 8-month visit, the patient reported having ended
consumption of the sourdough pretzels. Within the 8-month pe-
riod, the zirconia dentures had been exposed to the sourdough
pretzels for 4.5 months. The dentures exhibited loss of luster
and slight wear of the denture base in the areas adjacent to
the teeth; however, the zirconia teeth exhibited no abrasion or
loss of the glazed surface (Fig 8). The patient reported being
very satisfied with the dentures. When informed about possi-
ble “clicking” of the teeth, as is sometimes encountered with
porcelain teeth, the patient indicated no such awareness. The
patient has continued to use denture adhesive as he has from
the time of extractions, and to wear the dentures at night. The
patient continues to be monitored for changes in the zirconia
teeth and abrasion of the adjacent denture base.

Discussion
During this treatment period, two methods for using zirconia
teeth in future complete denture procedures were envisioned:
(1) premanufactured denture teeth, and (2) CAD/CAM fab-
ricated teeth custom-designed for each patient. With the first
option, zirconia teeth could be manufactured and made acces-
sible in a variety of molds similar to currently available denture
teeth. Through a manufacturing process that would produce
high volume in a factory setting, the mass production of zir-
conia teeth could integrate features, such as hollow form, op-
timal thickness to balance strength and weight considerations,
tooth-colored resin internally, and retention for interlocking
with denture base resin.

With the second option, laboratory computer programs for
designing and milling could provide a wide range of tooth
molds or patterns, avoiding an extensive inventory of manu-
factured teeth. Ideally, a CAD/CAM program would automate
the process of creating denture tooth segments while simultane-
ously including retentive features in the zirconia teeth; however,
a combination of new clinical procedures and modifications to
existing computer technology would be needed. A combined
clinical and laboratory program would enable several features:
(1) virtual customized tooth arrangements milled in resin mate-
rial for trial insertion, and (2) evaluation of tooth arrangement
by the clinician and patient with an option for virtual alteration
before or after trial insertion. Since the fabrication of zirconia
teeth consumed a substantial portion of the laboratory effort
for the patient described in this report, the development of a

software program designed specifically for complete denture
applications would significantly reduce the effort required to
fabricate customized denture tooth arrangements.

Shortly after treatment of this patient, two computer-
generated denture systems (Dentca CAD/CAM Denture,
Dentca, Inc, Los Angeles, CA; and Avadent Digital Dentures,
Global Dental Science LLC, Scottsdale, AZ) were introduced
commercially. Both systems incorporate commercially avail-
able premanufactured resin-based teeth, and both systems mill
denture bases by scanning traditional impressions provided by
the dentist. Teeth are selected from a library of tooth molds;
then, computer programs arrange the teeth in occlusion and rela-
tion to each denture base from clinical data provided by the den-
tist. Additional anatomical data are obtained from the scanned
impressions and from the occlusal devices, which relate the
arches in centric relation at the selected OVD. Denture teeth
may be trimmed to accommodate limited interocclusal space,
to refine the occlusion, and to provide esthetic modifications.
Neither system currently offers the capability for custom-milled
denture teeth regardless of the tooth material; however, these
systems incorporate advances in denture fabrication that have
been available in fixed conventional and implant prosthodon-
tics for several years. The application of custom-milled denture
teeth in removable complete dentures is only a matter of time
and demand.

Summary
The patient described in this report presented with a severe
degree of denture tooth abrasion. Tooth abrasion in complete
dentures remains a significant concern, particularly with com-
monly used resin-based denture teeth. Porcelain denture teeth
are resistant to abrasion but susceptible to fracture. Zirconia is
anticipated to improve resistance to abrasion, result in fewer
tooth fractures, and provide a longer useful life than other
materials used for teeth in complete dentures. In conclusion,
zirconia denture teeth may serve as a valuable alternative to
existing denture teeth, provided that procedures for designing,
fabricating, orienting, and processing the teeth are comparable
to or improvements on traditional procedures.
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