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Introduction
Tooth wear may result from various processes, 

including abrasion (an abnormal wearing away of the 
tooth substance by causes other than mastication), 
attrition (the mechanical wear resulting from 
mastication or parafunction, limited to contacting 
surfaces of the teeth) and lastly, erosion (the 
progressive loss of tooth substance by chemical 
processes that do not involve bacterial action)1,2. 
These mechanisms frequently act in concert 
with one another and they are well-regarded as 
naturally occurring lifelong processes that occur at 
a predictable rate of approximately 20-40µ/year, and 
often require little or no treatment3,4. When these 
baseline values are severely accelerated, however, 
the diagnosis of tooth wear turns from physiological 
to pathological5. Pathological tooth surface loss is a 
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Abstract

The etiology of tooth surface loss (TSL) 
is a multifactorial phenomenon that 
affects many individuals seeking 
rehabilitative dental treatment. 
Patients often present with 

parafunctional habits, such as bruxism, coupled with 
intrinsic variables such as highly abrasive antagonistic 
restorations. Pathological TSL has the potential to 
negatively impact a patient’s quality of life in regards 
to both function and aesthetics. The integration of 
CAD/CAM digital technology and the utilization of 
full-contoured anatomical zirconia crowns as a part of 
the comprehensive treatment plan for these patients 
allows for the delivery of predictable, minimally 
invasive all-ceramic restorations with a favorable 
long-term prognosis. 
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worldwide phenomenon of increasing significance6 
and the rehabilitation of a severely worn dentition 
constitutes one of the most challenging and complex 
procedures that today’s restorative dental team faces7. 
Patient clinical presentation of non-carious erosive 
tooth wear typically includes salient changes in tooth 
morphology, loss of anterior guidance8, compromised 
masticatory function9, collapsed occlusal vertical 
dimension, dentoalveolar compensation10, pulpal 
complications, and poor aesthetics11. Factors which 
when combined have an interplay on the patient’s 
overall quality of life12. Restoration of a severely 
eroded dentition is largely dictated by individual 
circumstances and requires careful diagnosis, 
treatment planning and collaboration on the part 
of the restorative dentist and auxiliary dental team, 
including other dental specialists and the laboratory 
technician. 

Case Presentation/ Patient Evaluation
The patient is a 68-year old Caucasian male (Fig. 

1) in good overall health who presented with a chief 
complaint of wanting to enhance the aesthetics and 
function of his severely worn mandibular dentition 
(Figs. 2-3). A comprehensive extra-oral, intra-oral 
and radiographic examination (Fig. 4) reveals a fully 
restored maxilla (teeth #2-#15) comprised of splinted 
individual metal-ceramic crowns (MCCs) and metal-
ceramic fixed dental prostheses (MCFDPs). Numerous 
posterior mandibular teeth have been restored with 

Figure 1-2 
Initial patient presentation. Mandibular anterior dentition displays evidence of erosive 

tooth surface loss.

Figure 4
Radiographic evaluation revealing complete maxillary arch restoration with 

metal-ceramic crowns and existing lithium disilicate crowns on mandibular 
posterior dentition (teeth #18-#21, #30, and #31).

Figure 3
Occlusal view of mandibular arch revealing fracture of definitive 

restoration (tooth #19) and aggressive generalized erosive wear (teeth 
#20 - #29).
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It was noted at the time of the initial examination 
that the gingival apices of the mandibular incisors 
and lower left canine were uneven with the adjacent 
teeth – a pathognomonic hallmark of continuous 
compensatory eruption of the alveolus and associated 
dentition18,19. The concomitant breakdown and 
gradual eruption of worn tooth structure frequently 
results in a well-maintained OVD, however, treating 
patients such as this is often met with challenges as a 
result of the limited inter-occlusal space available to 
accommodate the restorative materials necessary to 
complete an oral rehabilitation20.

After the initial diagnostic appointment, 
irreversible hydrocolloid impressions were made of 
the maxillary and mandibular arches. These casts were 
poured in a type IV die stone, duplicated in silicone 
and subsequently mounted on a semi-adjustable 
articulator utilizing the face-bow transfer record and 
previously fabricated inter-occlusal bite registration. 
Mounting of the diagnostic casts revealed that the 
patient’s centric occlusion and maximum intercuspal 
position were coincident. The mounted casts further 
validated the initial concerns regarding the lack of 
space for materials required to appropriately restore 
the anterior dentition. For patients who seek treatment 
of the sequelae resulting from severe dental erosion, 
it is often a necessity to increase the existing OVD. 
Raising the vertical dimension typically requires the 
restoration of most if not all teeth in at least one arch 
in order to re-establish contact with the antagonistic 
dentition. Addressing the patient’s chief complaint 
in this instance only required the placement of 
restorations in the mandible since his maxillary 
MCCs were functional and not an aesthetic concern. 
A diagnostic wax up of teeth #18 through #31 was 
completed in the laboratory and individual quadrant /
sextant silicone (type 0) matrices were then fabricated 
to serve as tooth preparation reduction guides 
and as templates for the fabrication of provisional 
restorations. Increasing the OVD was once thought 
to be an ill-advised endeavor, however, contemporary 
treatment planning strategies in which the OVD 
is increased by as much as 5mm in dentate patients 
has been shown to be well-tolerated21. Three clinical 
situations in which it may be advised to alter the 
OVD include: 1) obtaining inter-occlusal clearance 
for restorative materials, 2) enhancing aesthetic 
treatment outcomes, and 3) correction of unfavorable 
occlusal situations (e.g., increasing the OVD in a class 
III occlusal relationship to obtain a class I occlusal 
relationship)7.

full-contour monolithic lithium disilicate crowns 
(teeth #18-#21, #30, #31) and show signs of wear 
and material fracture (Fig. 5). The mandibular 
anterior dentition is unrestored and shows evidence 
of progressive, long-standing erosion resulting 
from nocturnal bruxism in conjunction with highly 
abrasive antagonistic ceramic crowns in the maxillary 
arch (Fig. 6). 

The patient’s occlusal vertical dimension (OVD) 
and vertical dimension at rest (VDR) were assessed by 
means of a phonetic evaluation13, and the inter-occlusal 
space at rest14 was evaluated utilizing Niswonger’s 
technique15. A centric occlusion (CO) jaw position 
was established utilizing chin point guidance16 and 
an inter-occlusal bite registration was fabricated at 
this position utilizing a fast-set vinyl polysiloxane17. 

Figure 5

Figure 6
Unrestored 

mandibular arch 
exhibiting dentoalveolar 
compensatory eruption 
and severe incisofacial 
wear from unpolished 
antagonistic metal-
ceramic restorations.
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Treatment Protocol
There are currently no evidenced-

based standardized protocols in place to 
guide clinicians in the comprehensive 
restoration of a severely worn and eroded 
dentition11. Sensible generalized guidelines 
for therapy, however, should include at a 
minimum a review of the patient’s dietary 
history, observed para-functional habits22, 
and consideration of a minimally invasive 
treatment strategy involving restorative 
materials that possesses both strength and 
aesthetics. 

Material Selection
Material selection for erosive wear 

cases involves a mutual dialogue between 
the clinician and the ceramist. This 
collaboration between the chair and the 
bench is paramount to a successful and 
predictable result and must preclude any 
irreversible treatment. It was determined 
that for this particular patient a 3mm 
increase in the OVD in the anterior region 
(=1mm at the second molar) was essential 
to the goal of realizing a restoration that 
would be both bio-mechanically stable and 
would simultaneously satisfy the patient’s 
cosmetic desires. 

The application of composite resin for 
cases involving tooth surface loss has merit 
as a suitable medium-term restorative 
material and indeed composite possesses 
several advantages: it is economical, 
minimally invasive and easy to repair. 
Disadvantages of resin-based materials, on 
the other hand, include an accelerated rate 
of wear that is approximately 3-4 times that 
of ceramic or cast metal alloys23, marginal 
fracture and surface roughness24. 

In patient cases that involve extensive 
erosion and restoration failure due to 
parafunctional habits, it becomes necessary 
utilize a stronger material to ensure a 
favorable long-term prognosis. Since the 
introduction of zirconia into the dental field 
in the early 1990’s25, the application of this 
ceramic has been shown to be an excellent 
material of choice for patients who exhibit 
bruxism26. Utilizing rapidly evolving CAD/

CAM digital technology, the ability to 
manufacture fully anatomic monolithic 
zirconia restorations has become both 
predictable, efficient and economical27. 
The high-strength of monolithic zirconia 
restorations allows for tooth preparations 
similar to those for cast metal alloys, with 
a minimum occlusal and axial reduction 
of 0.5-0.7mm and 0.5mm, respectively. 
These conservative preparation guidelines 
potentially reduce the risk of untoward 
biological complications, such as 
endodontic therapy28,29,30. Issues with 
the intense opacity of zirconia have now 
been overcome as a result of our growing 
understanding of the optical properties of 
this material. Available options for zirconia 
now include super high translucent (SHT) 
cubic zirconia discs and blocks which 
possess a multilayered (ML) technology 
which are capable of reproducing highly 
aesthetic multicolored dentin and enamel 
without the use of external surface stains31. 
This high-strength, highly aesthetic 
zirconia was the obvious material of choice 
selected for this rehabilitation.

Figure 7 
Tooth shade analysis using the Vita 

Linearguide 3D Master.

Figure 8 
Vita Linearguide 3D Master shade guide. 

Tooth Preparation/ 
Final Impressions/ 
Provisionalization

Prior to tooth preparation, crown 
lengthening was performed for all teeth 
in the mandibular arch in order to aid 
resistance and retention form (posterior 
quadrants, bilaterally) and to enhance 
aesthetics (anterior sextant). Following 
a 16-week healing and tissue maturation 
period, new diagnostic alginate 
impressions were made and the existing 
wax-up was transferred to each cast. A 
type 0 silicone matrix was fabricated from 
the new wax-up and utilized intra-orally 
to create a bis-acryl provisional mock-up 
of each posterior quadrant as a means of 
creating the proposed increase in OVD. 
Immediately prior to tooth preparation, 
shade selection was performed (Fig. 
7) and photographically documented 
utilizing the Vita Linearguide 3D Master 
(Fig. 8). 

The anterior sextant was prepared 
first, employing a minimally invasive 
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was made of the prepared teeth (#22-#26 only) and 
these teeth were then provisionalized and splinted 
together with a bis-acryl temporary material. The 
new provisionals were then utilized to maintain the 
increased OVD and the posterior quadrants were 
prepared and provisionalized in a similar manner. All 
photographs, diagnostic casts, bite-registration and 
final impressions were delivered to the laboratory for 
fabrication of the definitive restorations. 

Laboratory Phase
The final impressions were poured in a type IV 

resin-reinforced die stone and mounted on the Artex 
CR semi-adjustable articulator. Tooth preparations 
were then scanned in the 3Shape D2000 and designed 
with the Nondas anatomy library (Fig. 9). Occlusion 
was carried out within the 3Shape digital platform 
prior to milling (Fig. 10). Amann Girrbach’s Zolid 
FX Multi Layered zirconia, shade A2/A3, was selected 
based on pre-operative shade photographs and milled 
as a full-contour monolithic restoration. After milling 
was complete, the individual restorations were finished 
and macro anatomical contouring was completed in 
the pre-sintered state using the Green State Finishing 
kit from Wagner Rotary. The sintering process was 
competed using the Amann Girrbach Ceramill 
Therm 3. Upon completion of the sintering cycle, a 
final contour check and adjustments were performed 
with a Wagner Rotary “Blueberry” contouring wheel, 
followed by a Diacool 403 tapered barrel and an HE 
Silicone Wheel.

The stain and glaze process was completed with 
an initial stain and glaze combination bake using a 
variety of GC Lustre Pastes, including L-N, L-A, L-2 
and INsitu ISB stains. The second bake was used 
for the final stain and glaze process using the above 
mentioned stains to complete the final touches (Fig. 
11). After a final evaluation of contour, occlusal 
morphology, occlusion, and inter proximal contacts 
was performed, the restorations were polished using 
Wagner Rotary Calais ZR polishing compound. The 
intaglio surface of each restoration was subsequently 
particle abraded at 2.5 p.s.i. with a 50µ alumnus oxide 
and subsequently returned to the dental clinic for 
delivery to the patient. 

Delivery Sequencing
At the delivery appointment, all anterior 

provisional restorations were removed and the tooth 
preparations cleaned with a low abrasive pumice 
and oral rinse solution. Each restoration was seated 

0.5mm shoulder preparation circumferentially 
and limiting the incisal reduction to rounding off 
existing sharp line angles while preserving vertical 
height of the clinical crown. A two cord technique 
was utilized to achieve adequate isolation for the 
six anterior tooth preparations during impression 
making. A stock tray loaded with a monophase 
VPS as well as a low-viscosity VPS wash was used 
for the final impressions. Immediately following 
the final impression, a VPS bite registration 

Figure 9 
3Shape tooth 

preparation scan images 
showcasing the Nondas 
anatomical library for 
the mandibular anterior 
sextant. 

Figure 10 
3Shape scan images 

being utilized to contour 
and adjust occlusal 
anatomy of mandibular left 
quadrant. 

Figure 11 
Amann Girrbach Zolid Multilayer FX monolithic zirconia restorations. 
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individually and evaluated for strength 
of interproximal contacts and occlusion 
utilizing 21µ Accufilm II articulating 
paper. Upon patient approval of aesthetics, 
each crown was luted one at a time with 
a resin-modified glass ionomer cement 
(GC FujiCEM 2) and cured with a 405nm 
light source for 60 seconds. All excess 
cement was cleaned from the margins 
and occlusion and contacts were re-
evaluated prior to patient dismissal. At 
the one week post-operative follow-up 
visit, a full-arch impression of the left 
quadrant was made (teeth #28-#31). This 
sequence was repeated for the remaining 
right quadrant (teeth #18-#21), following 
delivery of the definitive restorations for 
#28-#31 (Fig. 12). Treatment planning in 
this manner allowed for greater control 
of the impression making process and 
development of the occlusal scheme in 
the laboratory, ultimately concluding 
with a successful aesthetic and functional 
final result that the patient was extremely 
satisfied with (Fig. 13). 

Conclusion
For patients that exhibit severe tooth 

surface loss, with or without a collapse 
of OVD, full-coverage restorations that 
cover at least one arch are frequently 
inevitable. The incorporation of CAD/
CAM technology and the utilization 
of highly translucent monolithic cubic 
zirconia crowns for patients with erosive 

wear have proven to be an effective, aesthetic 
and conservative means of oral rehabilitation 
when treating these complex cases. A 
thorough understanding of the etiology of 
the erosive lesions is critical for each case in 
order to end the disease process. Additionally, 
continued recall and oral hygiene visits are 
recommended for these patients in order to 
safeguard their long-term well-being and 
functional oral health. 

*The authors wish to extend their 
sincere appreciation to Custom Automated 
Prosthetics (C.A.P.) for the contribution 
of their world class scanning and milling 
facilities, and a special acknowledgement of 
gratitude to Carrie-Ann Cokely CDT, for her 
expert skill that went into the digital workflow 
and design of this complex case. 
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