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Dentists are trained to be as conservative as possible 
when attempting to meet both esthetic and functional 
goals in any given case. This often has dictated the use 
of orthodontics to move teeth into proper position to 
minimize the amount of restorative work necessary. 

With the advent in recent years of predictable bonding protocols for 
lithium disilicate, zirconium, and composite a paradigm shift has 
occurred in how a restorative dentist might treatment plan.1 It is 
now possible to predictably add restorative material to any surface 
of the teeth to achieve the treatment goals. This includes bonding 
of composite and indirect restorations to the occlusal surfaces of 
posterior teeth (when mostly in enamel) in order to alter the oc-
clusal vertical dimension (OVD). 

The case presented involves a patient with a constricted chewing 
pattern (CCP) who wanted to significantly improve his smile but 
was adamant at the initial examination that he was unwilling to 
undergo any orthodontic treatment. After data collection, careful 
analysis, and diagnosis a conservative treatment plan was devised 
that included the use of a 10-step approach (10 Step Management 
Considerations, Kois Center, koiscenter.com) and multidisciplinary 
restorative procedures. The treatment would involve alleviating 
the patient’s CCP by increasing the OVD utilizing a combination 
of direct and indirect restorations. To avoid increasing any biome-
chanical risk, preparations mostly in enamel would be used on the 

maxillary posterior teeth. These conservative additive restorations 
would be the key to minimizing the overall functional and biome-
chanical risks and treating the esthetic disability of the case.2

Clinical Case Overview
A 63-year-old male patient presented with concerns that his teeth 
were small in size and wanted them to be made to appear larger. He 
also was concerned about their discoloring and requested that they 
be made whiter. Additionally, he noted that his anterior teeth were 
chipping and breaking (Figure 1 and Figure 2). He was absolutely 
opposed to orthodontic treatment because of his professional 
public speaking but was open to other solutions with the goal of 
achieving “a million dollar smile,” he said. 

Using the Kois risk assessment and treatment planning protocol3,4 
a conservative plan was developed comprising a combination of 
direct composites, full-coverage crowns, and minimally prepared 
additive veneer onlays (AVOs). These additive indirect restora-
tions would prove to be critical in achieving both the functional 
and esthetic goals of the treatment.
			 
Medical and Dental History
The patient’s medical history revealed no significant concerns or con-
tributors to his dental health. He did not drink alcohol, smoke, or take 
any medications. He was American Society of Anesthesiologists (ASA) 
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classification II due to his age. Upon examination, significant attrition 
and some erosion was evident, particularly on teeth Nos. 6 through 11 
and 22 through 27 (Figure 3). He was tested for acid reflux and found 
negative, and after exploring his dietary intake no contributors for 
erosion were found. His dental history included orthodontics from 
ages 15 through 17. He reported worn, chipped anterior teeth and that 
he needed to “squeeze” to get his posterior teeth to touch. The patient 
was very self-conscious about his smile, and upon further conversa-
tion it was quite apparent that he wanted a smile he could be proud of.

Diagnosis, Risk Assessment, and Prognosis
Periodontal: The patient had no evidence of periodontal disease. 
He had mild attachment loss with 1 mm recession on teeth Nos. 19 
through 21 and less than 2 mm of horizontal bone loss (Figure 4). 
The periodontal diagnosis was American Academy of Periodontol-
ogy (AAP) stage 1, grade A.5

Risk: Low
Prognosis: Good

Biomechanical: The patient presented with no active caries. There 
were defective amalgam restorations on teeth Nos. 2, 15, and 18, a 
missing onlay on tooth No. 19, and tooth No. 31 had fractured off both 
lingual cusps below the gingival margin. In addition, teeth Nos. 19, 30, 
and 31 had structural compromises, with tooth No. 31 having a crown 
margin location issue. Teeth Nos. 6 through 11 and 22 through 27 
had a poor prognosis due to severe attrition and areas of erosion. If 
left untreated, teeth Nos. 19 and 31 would have a hopeless prognosis.
Risk: Moderate
Prognosis: Poor

Functional: Moderate attrition of 1 mm to 2 mm was present on 
teeth Nos. 1 through 4, 13 through 16, 18 through 21, and 28 through 

31, and severe attrition—more than 2 mm—was present on teeth Nos. 
6 through 11 and 22 through 27. Attrition was most evident on the 
palatal surfaces of the maxillary anterior teeth and labial surfaces 
of the mandibular anterior teeth (Figure 5 and Figure 6). This sug-
gested an adaptive-mediated CCP.6-8 The patient reported that he 
felt he had to push his jaw back in order to get his posterior teeth 
to touch and that his mandibular anterior teeth hit the back of his 
maxillary anterior teeth; he also said he often placed his tongue 
between his teeth. The positive answers on his dental history and 
his attrition pattern confirmed the diagnosis of a CCP.
Risk: Moderate
Prognosis: Poor

Dentofacial: Photographic documentation revealed considerable 
gingival display, undersized teeth, a slight diastema between the 
central incisors, and a deficient buccal corridor (Figure 7). Chairside 
smile evaluation included assessment of both a “normal” smile and a 
Duchenne smile, in which maximum lip dynamics occur to create a 
full smile.9 The patient demonstrated high lip dynamics, which made 
these esthetic shortcomings even more obvious. As a public speaker, 
the patient considered these characteristics debilitating and through-
out the diagnosis continued to express his strong desire for his teeth 
to appear larger and whiter and to have a less “gummy” smile.
Risk: High
Prognosis: Hopeless

Treatment Goals
The patient’s smile left him feeling self-conscious when speak-
ing in front of people. With the exception of orthodontics, he 
was willing to do whatever treatment was necessary to achieve 
an attractive smile. The treatment plan was designed to create a 
pleasing esthetic outcome, treat the CCP, and establish bilateral 

Fig 3. 

Fig 2. 

Fig 1. 

Fig 1. Preoperative full face/full smile with visible tissue display, small teeth, and deficient buccal corridor. Fig 2. Preoperative, note 100% overbite 
and the maxillary posterior occlusal plane reverse curve. Fig 3. Preoperative, note mandibular incisors showing attrition and erosion.
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simultaneous posterior tooth contact. This would involve clinical 
crown lengthening for the maxillary anterior teeth and opening 
the vertical dimension10 using a combination of direct and indirect 
restorations in order to achieve the functional and esthetic goals 
without significantly raising the biomechanical risk.

Treatment Plan
Phase 1: Pre-treatment–Deprogram, Wax-Up, and Consult
The patient wore a Kois deprogrammer for 3 weeks to determine the 
reference condylar position and centric relation (CR) and confirm 

the initial diagnosis of CCP; the orthopedic mandibular position 
moved anteriorly during deprogramming. A bite registration was 
taken in CR, and a Kois dentofacial analyzer was used to articulate 
the casts on a Panadent articulator (Panadent, panadent.com). A 
diagnostic wax-up was then fabricated using the aforementioned 
10-step diagnostic approach. Maxillary and mandibular incisal po-
sitions were determined to establish vertical dimension. Bilateral 
simultaneous centric contacts were established on the posterior 
teeth. The envelope of function was “flattened” by increasing the 
OVD. This was intended to relieve the CCP, reduce the overbite, and 

allow for more ideal tooth proportions.
Polyvinylsiloxane (PVS) putty matri-

ces of both arch wax-ups were fabricated. 
A consult was then scheduled with the 
patient to present the proposed treat-
ment plan, which would include refer-
ral to a periodontist for clinical crown 
lengthening of teeth Nos. 6 through 
11 and 23 through 26, bleaching teeth 
Nos. 20 through 29 during the crown-
lengthening healing period, and restor-
ative treatment as follows: teeth Nos. 2 
through 4 and 13 through 15, minimally 
prepared AVOs; teeth Nos. 6 through 11, 
18, 19, 30, and 31, full-coverage crowns; 
and teeth Nos. 20 through 29, direct 
composite bonding.

During the consult the wax-up was tried 
in using provisional material (Luxatemp®, 
DMG America, dmg-america.com) and 
PVS matrices.11 Upon seeing the mock-up 
in his mouth and his potential new smile, 
the patient was thrilled and immediately 
accepted treatment (Figure 8).

Phase 2: Clinical Crown  
Lengthening and Bleaching
With the temporary stints (Luxatemp) 
being used as a surgical guide, the pa-
tient had clinical crown lengthening 
(approximately 1 mm) done in the perio-
dontist’s office. This procedure was nec-
essary to achieve a less “gummy” smile 
and more ideal tooth proportions. A 
3-month healing period followed during 
which the patient was able to use a cus-
tom tray to bleach teeth Nos. 20 through 
29. The final shade of these natural teeth 
was then used as a guide for both the 
direct and indirect restorations.

Phase 3: Tooth Preparation and 
Provisionalization
The patient returned to the office to begin 
the restorative phase. Teeth that were to 
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Fig 4. Preoperative panoramic ra-
diograph. Fig 5. Preoperative, note 
attrition and erosion present on 
maxillary anterior teeth and defec-
tive restorations on teeth Nos. 2 and 
15. Fig 6. Preoperative, note defec-
tive restoration on tooth No. 18 and 
questionable restoration on tooth 
No. 30. Teeth Nos. 19 and 31 had a 
hopeless prognosis. Teeth Nos. 20 
through 28 showed signs of erosion 
and attrition. Fig 7. Preoperative, 
close-up smile showed small size 
and proportion of teeth, visible tis-
sue display, and diastema between 
central incisors.

Fig 6. 

Fig 5. 

Fig 4. 

Fig 7. 
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Fig 8. Fig 9. 

Fig 13. Fig 12. 

Fig 11. Fig 10. 

receive indirect restorations were prepared, direct composite was 
bonded to the mandibular teeth, and provisional restorations were 
fabricated from the PVS matrices. The minimally prepared AVOs 
required no interproximal reduction and were left mostly in enamel. 
These ultraconservative restorations were vital to this case as they 
helped enable the structural integrity of the teeth to be retained,12 
facilitated opening the OVD, and filled out the buccal corridor (Fig-
ure 9) to allow the patient to have the broad, full smile he envisioned.

With financial considerations in mind, and in an effort to remove 
as little tooth structure as possible, the decision had been made to 
bond direct composite on teeth Nos. 20 through 29 (Figure 10). 
When placed with the proper protocol and attention to detail, direct 
composite bonding constitutes a predictable long-term restora-
tion.13 Putty matrices were used to transfer the precise anatomy 
and occlusion of the diagnostic wax-up to the mouth.

The patient returned a week later to evaluate his provisional res-
torations for chewing, speech, and joint comfort, all of which were 
deemed to be appropriate. New photographs were taken to confirm 

the esthetics and to see if any adjustments to the final restorations 
would be needed during fabrication. In order to capture an occlusal 
record as close to the final OVD as possible a small deprogrammer 
was bonded to the palatal surface of the provisional restorations 
between the maxillary central incisors, slightly separating (0.5 mm) 
the posterior teeth. After removal of the posterior provisional resto-
rations, the record was taken using a PVS bite material (Regisil® Rigid, 
Dentsply Sirona, dentsplysirona.com). Study models were made of 
the provisional restorations with a new Kois dentofacial analyzer 
registration to transfer the information to the dental laboratory.

Phase 4: Fabrication and Seating of Indirect Restorations
PVS impressions (Aquasil Ultra Smart Wetting® Impression 
Material, Dentsply Sirona) of the patient’s prepared teeth and 
provisional restorations were poured in a type IV die stone and 
scanned with a digital scanner, and the restorations were virtu-
ally designed. The designs were then milled in either zirconia 
(anterior) or lithium disilicate (posterior) and verified using dies, 

Fig 8. Try-in/mock-up before clinical crown lengthening. Fig 9. Maxillary model of prepared teeth showed conservative posterior adhesive and 
anterior cohesive tooth preparations. Fig 10. Postoperative, restoration of mandibular erosion, blending of composite to natural teeth, and level-
ing of mandibular plane. Fig 11. Maxillary posterior monolithic lithium-disilicate restorations and layered zirconia anteriors Fig 12. Postoperative, 
note improved arch form, added volume to the facial of teeth, and palatal surface of anteriors covered and restored to protect areas of erosion 
and attrition. Fig 13. Postoperative, note reduction of overbite from 100% to 50%, crown lengthening, and flattened posterior occlusal plane.
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articulated working casts, and solid models for complete seating 
(fit), occlusion, and proximal contacts. The anterior crowns were 
microlayered on the facials to replicate the natural dentition, while 
the posterior crowns were completed as monolithic prostheses to 
maintain the structural integrity of the material. The intaglio sur-
faces were prepared for delivery according to the manufacturer’s 
recommendations (Figure 11).

The maxillary restorations were fabricated and seated first 
(Figure 12). The anterior full-coverage crowns were fabricated 
in zirconia to keep the palatal surface as thin as possible, there-
by requiring less tooth reduction (Figure 13 and Figure 14). The 
crowns were seated cohesively using a self-adhesive resin cement 
(RelyX™ Unicem 2, 3M Oral Care, 3m.com). Next, the posterior 
lithium-disilicate (e.max®, Ivoclar Vivadent, ivoclarvivadent.com) 
AVOs were seated using an adhesive bonding protocol (All-Bond® 
2, Bisco, bisco.com; Variolink® II Esthetic Cementation System, 
Ivoclar Vivadent). Finally, a new PVS impression was made of the 
mandibular preparations and a bite registration was taken of the 

completed maxillary arch relationship to the mandibular prepara-
tions utilizing a 3D-printed Kois deprogrammer (Figure 15).14

The patient returned several weeks later for seating of the 
mandibular molar crowns (Figure 16). These lithium-disilicate 
full-coverage restorations were seated using cohesive protocols. 
The printed deprogrammer was used to adjust the occlusion into 
bilateral simultaneous posterior contact.14 The patient requested 
that a nightguard be fabricated because he had always worn one 
and believed it would protect his investment; therefore, impres-
sions were taken for production of a maxillary nightguard, which 
was seated at a follow-up appointment. 

The final outcome is shown in Figure 17 and Figure 18.

Discussion
In the initial consultation, it was clear that the patient viewed his smile 
as a disability.2 After considering the outcome, which was achieved 
without significant structural compromise to the restored teeth, it 
was apparent that orthodontics may not have improved the result.

The final restorations added both cer-
vical and incisal length to the maxillary 
incisors to improve esthetics. Clinical 
crown lengthening provided the apical 
tooth length required, as the patient’s 
periodontal risk was classified as low. 
With the incisal edges needing addi-
tional length, orthodontic intrusion 
was determined to offer no benefit to 
the tooth reduction required.

The maxillary anterior teeth demand-
ed cohesively retained ceramic restora-
tions because of the exposed palatal 
dentin. Orthodontic tooth movement 
to relieve a CCP requires, in part, that 
the maxillary incisors be rotated out of 
the path of the chewing envelope. In this 
case that would have resulted in unnec-
essary facial tooth reduction. Without 
orthodontic treatment, space for restor-
ative materials on the maxillary incisors 
was managed by increasing tooth length, 
increasing OVD, and the choice of re-
storative materials, thus protecting the 
structural integrity of the teeth through 
the preparation design.

A negative curve in the patient’s maxil-
lary anterior-posterior occlusal plane pro-
vided sufficient inter-occlusal space for 
restorative materials with a change in the 
OVD. To satisfy the patient’s esthetic de-
mands for visible tooth display, minimal 
axial reduction was necessary because of 
the additive capability of the AVOs.

Some discussion of the AVOs is war-
ranted. The clinical rationale and utiliza-
tion of these restorations is multifaceted. 
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Fig 14. Postoperative panoramic 
radiograph showed no interproximal 
reduction on maxillary posterior 
teeth and radiopaque maxillary 
anterior zirconia restorations. Fig 15. 
Maxillary restorations seated with 
deprogrammer in place to achieve 
bilateral simultaneous occlusion. 
Fig 16. Blending of shade and con-
tour from molar crowns to bicuspids 
and anterior composite restorations, 
which covered all areas of erosion. 

Fig 16. 

Fig 15. 

Fig 14. 
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Adding volume to the buccal surfaces of the posterior teeth (veneer-
ing) allowed for larger, more proportionate teeth, broadened the pa-
tient’s smile, and filled out the buccal corridor. Adding to the occlusal 
surfaces of the posterior teeth (onlaying) allowed for opening of the 
OVD. Predictably opening vertical dimension restoratively, without 
increasing biomechanical risk, is a relatively recent capability. With 
the advent and continuing success of lithium disilicate clinicians can 
reduce occlusal posterior surfaces minimally, preparing mostly in 
enamel.11 The AVO can be relatively thin, much like a veneer, and 
cover all posterior cusps, similar to an onlay. Lithium-disilicate 
restorations calibrated for increased OVD are adhesively applied 
to tooth structure (mostly in enamel) via silane coupling of the 
restorations and adhesive resin protocols.

Conclusion
This treatment was successful in altering the visible tooth display 
in the patient’s smile and the size and proportion of his teeth while 
minimizing the chances of anticipated long-term complications. 
Since this case was completed, the patient has had two 6-month 
recall appointments without reported complications. The patient’s 

Fig 17. Postoperative, note closing of the diastema, more appropriate 
tooth proportions, and filled out buccal corridor. Fig 18. Postoperative 
full-face smile, note the harmony of the teeth to the lower lip, no 
gummy smile, and filled out buccal corridor.

Fig 17. 

needs were met in that the smile he desired was achieved without 
increasing the risks for predictable negative events to his dentition. 

The patient has since shared with the author that his new smile 
has changed his professional outlook and self image, stating how 
much he appreciates “the power of a simple smile” and feeling much 
better and more confident about his appearance. As a clinician, noth-
ing is more rewarding than providing treatment that is life changing.
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