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Abstract

The esthetic treatment of the anterior teeth has always 

presented a challenge in clinical practice. With the im-

provement of dental materials, many restorative op-

tions such as resin composites, all-ceramic crowns, 

and ceramic veneers have become available. The cur-

rent challenge in reconstructive dentistry is how to 

obtain excellent esthetic results while preserving the 

biological structures involved as much as possible. 

Thanks to the introduction of high-strength etchable 

dental ceramics, clinicians and technicians now have 

materials and procedures at their disposal that allow 

for the restoration of esthetics and function through a 

minimally invasive approach. New-generation, all-ce-

ramic restorations and adhesive systems allow greater 

preservation of residual hard tooth structures, espe-

cially with regard to single elements.

Purpose: To evaluate the clinical performance of lith-

ium disilicate (liDisi) veneers with a feather-edge fin-

ish line margin.

Materials and methods: A total of 265 liDisi veneers 

were cemented with resin cement after fluoridric acid 

and silane surface treatment and observed by different 

clinicians. These veneers were placed in 53 (32 female, 

21 male) patients between October 2009 and April 

2015, with a mean observation period of 54.4 months. 

Of these, 211 veneers were placed in the maxilla (77 

central incisors, 65 lateral incisors, 49 canines, 12 first 

bicuspids, 5 second bicuspids, 2 first molars, 1 second 

molar), and 54 in the mandible (16 central incisors, 14 

lateral incisors, 13 canines, 6 first bicuspids, 1 second 

bicuspid, 2 first molars, 2 second molars). The clinical 

evaluation used the modified Cali fornia Dental Associ-

ation (CDA) and Ryge criteria after recalling all patients 

between January and March 2017. The clinical param-

eters evaluated were color matching, quality of the ce-

ramic surface, the presence of marginal discoloration, 

and marginal integrity. The data were analyzed through 

descriptive statistical analysis.

Results: The clinical survival of the 265 veneers over 

the follow-up period was 99.63%. One restoration 

showed adhesive failure due to a traumatic event after 

3 years of clinical service. The color matching para-

meter was classified as Alfa in 93.9% (248/265) and 

bravo in 6.4% (17/265) of the restorations, with no 

Charlie or Delta ratings recorded. The ceramic surface 

was rated as Alfa in 97.7% (259/265) and beta in 2.2% 

(6/265), marginal discoloration as Alfa in 97.3% 

(257/265) and beta in 3% (8/265), and marginal integ-

rity as Alfa in 96.9% (256/265) and beta in 3.4% (9/265) 

of the restorations.

Conclusion: In this retrospective analysis, liDisi ve-

neers with a vertical finish line showed good clinical 

performance in terms of color matching, ceramic sur-

face, marginal discoloration, and marginal integrity. 

Despite the present results, further clinical studies are 

needed in order to investigate the long-term perfor-

mance of this type of restoration.

(Int J Esthet Dent 2019;14:2–14)
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Introduction

Porcelain laminate veneers (PlVs) are a min-

imally invasive esthetic restorative option 

with a high long-term success rate. This 

treatment option has been used due to its 

color stability, biocompatibility, mechanical 

properties, and good esthetic outcome.1-4 

For successful dental restorations, a mini-

mally invasive approach is essential. Thus, 

minimum-thickness, full-ceramic restorations 

have been increasingly indicated.5-13 

lithium disilicate (liDisi) ceramic used in 

its monolithic form, individualized with a 

staining technique, represents a material 

that is particularly suited to situations of ero-

sion or abrasion where it is necessary to re-

place or restore damaged enamel through a 

‘re-enameling’ process.14-16 It is also suitable 

for the prosthetic correction of malposi-

tioned or diastematic teeth as well as for 

restoring teeth that are incongruous in 

shape or color due to extended, poor-qual-

ity composite fillings. IPs Empress 2 and the 

newer brand IPs e.max (both Ivoclar Viva-

dent) are liDisi-based ceramics. liDisi is a 

heat-pressed or computer-aided design/

computer-aided manufacturing (CAD/CAM) 

ceramic with a crystalline phase consisting 

of liDisi and lithium orthophosphate, which 

increases resistance without negatively in-

fluencing translucency. It has a biaxial flex-

ural strength of 407 ± 45 MPa. This material 

is used to manufacture high-strength cores 

for porcelain-supported or monolithic res-

torations.

The tooth preparation indicated by man-

ufacturers for metal-free restorations has 

traditionally been a horizontal preparation 

with a well-defined margin: chamfer, shoul-

der, or a slight chamfer (Fig 1). To define a 

tooth preparation without a defined finish 

line, terms such as knife-edge, feather-edge, 

shoulderless (or more simply, vertical) are 

used, differentiating the preparation from 

the typical horizontal chamfer or shoulder 

Fig 1 horizontal preparation.

Fig 2 Vertical preparation.

Fig 3 Occlusal view of a vertical preparation.
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(Figs 2 and 3). The vertical preparation is 

classically indicated for perioprosthetic re-

habilitations17 and metal-ceramic restor-

ations. In contrast, little has been published 

on the use of all-ceramic crowns with a 

feather-edge preparation.18-20 Although the 

horizontal preparation has always been the 

margin of finish typically indicated for 

glass-ceramics, these materials have also 

been used with a horizontal preparation in 

an ‘unconscious’ manner by some clin-

icians. We refer here to the additional ce-

ramic restorations that exploit the opportu-

nity to cement adhesively etchable dental 

ceramic to the tooth structure. such restor-

ations, by their nature, often have a very thin 

Fig 4 The adhesive ceramic restoration artificially mimics the layering of natural teeth (image courtesy of Dr J. Manauta).

Fig 5 The workflow of the preparation procedure.

margin, similar to a feather-edge margin. 

These additional restorations are often 

made with feldspathic ceramics, which 

have poorer biomechanical characteristics 

than liDisi.

The combination of liDisi and a vertical 

preparation21 is, in the opinion of the pres-

ent authors, the most conservative ap-

proach possible in prosthetic dentistry: a 

high-strength, etchable ceramic that can be 

used at minimum thickness, and a vertical 

tooth preparation with maximum preserva-

tion of dental substance, especially in the 

cervical area (Fig 4).

The aim of the present study was to eval-

uate the clinical performance of liDisi heat-

Initial Wax-up Mock-up Depth cuts Depth cuts (after 
mock-up removal)

Preparation Finishing Final wax-up

0.3 mm

0.5 mm

1 mm
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pressed veneers with knife-edge margins 

placed in a private dental practice environ-

ment.

Materials and methods

since this is a retrospective study, no ap-

proval was requested from the ethics com-

mittee in accordance with the National Code 

on Clinical Researches.22,23

In this study, in the common context of 

general practice, three different clinicians 

treated 53 patients (32 female, 21 male) with 

265 liDisi veneers with a knife-edge prepara-

tion. The patients were recalled for profes-

sional oral hygiene treatment every 3 to 6 

months, depending on their periodontal 

condition at the beginning of the treatment.

The teeth were prepared with a vertical 

finish line and an overall reduction from 

0.2  to 1 mm for the incisal surfaces. The 

thickness of the preparation was performed 

according to the final volume of the restor-

ation (Figs 5 to 7). Provisional restorations 

were manufactured using a silicone index 

technique and cemented using a spot-etch-

ing technique. During the preparation and 

finishing procedure, the preservation of 

tooth structure was maximized (Figs 8 to 

12).

During the same clinical session of tooth 

preparation, a single retraction cord (ultra-

pack; ultradent and sil-Trax; Pascal) tech-

nique was used before the final impression 

was made with a polyether material (Imp-

regum Penta; 3M EsPE) using a single-im-

pression, double-mixing technique with a 

standard tray. The cord size was based on 

the depth of the gingival sulcus. A full-arch, 

irreversible, hydrocolloid impression (Algi-

noplast; heraeus Kulzer) was made of the 

opposing dentition and poured immediately 

with type IV dental stone (gC Fujirock EP; 

gC America).

All the veneers were fabricated according 

to the manufacturer’s instructions (Fig 13). 

Fig 6 Preparation through the simulation of the final restoration is a key element 

of this procedure.

Fig 7 The vertical preparation aims to maximize tissue preservation.

Fig 8 The same finish margin could be used in combined veneer and crown 

restorations.
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Fig 9 The vertical preparation applied in a full-mouth rehabilitation. Fig 10 The final volume of the ceramic restorations is shaped to 

achieve an increase in the vertical dimension of occlusion when it is 

needed.

Fig 11 Calibrated preparation could be performed in the same 

clinical session.

Fig 12 The final vertical preparation.

The manufacturer gave the authors a positive opinion 

on the use of the investigated finish line in the case of 

veneer restorations. 

Each veneer was assessed for proximal contacts, 

occlusal relationships, shade matching, and marginal 

adaptation. small occlusal adjustments were made 

before luting, where necessary, and the final occlusion 

was checked after cementation using cone-shaped 

burs with grit sizes of 100 and 125 μm.

Cementation was performed without rubber dam 

by two of the clinicians, and the operative field was 

isolated with retractors (Optragate; Ivoclar Vivadent), 

high-velocity evacuation, silicone, and Teflon tape. 

The third clinician preferred to use rubber dam during 

cementation. The restorations were etched with 5% 

hydrofluoric acid (Porcelain Fix; bJM lab) for 20 s, 

washed, and rinsed with water, then dried and si-

lanized with Monobond-s (Ivoclar Vivadent). The pre-

pared tooth was treated with a three-step adhesive 

system when a large amount of residual enamel was 

required, otherwise a dentin self-etching primer was 

used. Depending on the final thickness of the restor-

ations, a light-curable resin cement (Variolink Veneer; 

Ivoclar Vivadent) or a dual-polymerizing resin cement 

(Multilink Automix; Ivoclar Vivadent) was used.

Initial light polymerization was performed for a few 

seconds. Any excess cement was removed from the 

buccal and interproximal surfaces with a dental probe, 

dental floss, and a double-edged blade (surgical scal-

pel blade No. 12D; swann-Morton). The final polymer-

ization was performed for 3 min with a halogen curing 

light at 780 mW/cm2 (Optilux 501; Kerr). The occlusion 
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was refined where needed, and any adjust-

ed crown surfaces were polished. Final oc-

clusal adjustments were performed with 

egg-shaped burs (grit size 125 μm). The ce-

ramic surface was then polished with sili-

cone discs (Ceramic polisher 9545 F; bras-

seler) and felt wheels using polishing paste 

(Dia glace diamond paste; Yeti) (Fig 14).

Infiltration due to abutment decay, core 

fracture, or partial or complete debonding 

that exposed the tooth structure were the 

main criteria for failure. 

Fig 13 The pressed liDisi ceramic veneer on the master cast.

Fig 14 The ceramic restorations 48 h after luting.

The first evaluation was performed at the 

time of cementation (baseline), with revalu-

ations being made once every 3 to 6 months 

thereafter during routine professional hy-

giene appointments (Figs 15 to 17). Every 

examination was performed using an intra-

oral mirror, a sharp explorer, a periodontal 

probe (XP23/OW; hu-Friedy), radiographs 

(once a year), and, in some cases, photo-

graphs.

All the patients were recalled between 

January and March 2017. The veneers were 

evaluated for apparent changes in their out-

ward structural integrity (chips, cracks, frac-

tures) and marginal integrity using a sharp 

dental explorer, in accordance with the 

modified California Dental Association 

(CDA) and Ryge criteria. The analysis was al-

ways performed by a different clinician 

working in the same practice. For failed res-

torations, the examiner tried to determine 

the cause of failure.

Results

In this retrospective study, the clinical per-

formance of feather-edge, liDisi veneers 

placed in a general practice environment 

was evaluated. liDisi veneers had a survival 

rate of 99.63%. A total of 211 veneers were 

placed in the maxilla (77 central incisors, 65 

lateral incisors, 49 canines, 12 first bicuspids, 

5 second bicuspids, 2 first molars, 1 second 

molar) and 54 in the mandible (16 central 

incisors, 14 lateral incisors, 13 canines, 6 first 

bicuspids, 1 second bicuspid, 2 first molars, 

2 second molars).

One adhesive failure was recorded after 

3 years of clinical service after a traumatic 

event. This complication was managed by 

cleaning the intaglio surface of the veneer 

and the tooth surface, then luting the res-

toration again. The clinical survival of 265 

liDisi veneers placed in 53 patients over a 

mean observation period of 54.4 months 

(with veneers in service between 24 and 105 
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Fig 15 Follow-up.

Fig 16 Follow-up.

Fig 17 3.5-year 

follow-up. 
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Table 1 Follow-up periods for different veneer locations

Veneer locations and follow-up time

T 1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 2.3 2.4 2.5 2.6 3.1 3.2 3.3 3.4 3.5 3.6 3.7 4.1 4.2 4.3 4.4 4.5 4.6 4.7

24 1 1 1 1 1 1

27 1 1 1 1 1 1 1

33 2 2 2 1 2 2

34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

35 1 1 1 1 1

36 2 2 2 1 2 2 2 1 1 1 1 1 1 1 1 1

37 2 2 1 3 2 1

38 1 1 1 1 1 1

39 1 1 1 1 1 1

41 1 1 1 1

44 1 1 1 1 1 1

46 3 2 2 3 2 2

49 1 1

50 1 1

51 1 1 2 2 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1

52 1 1 1 1 1 1

53 1 1 1 1

56 1

57 2 1 3 2 1 1 1 1 1 1

60 1 1 1 1 1 1

months) was studied between January and 

March 2017 (Table 1).

The modified CDA and Ryge criteria 

were recorded in this investigation to assess 

color matching, quality of the ceramic sur-

face, presence of marginal discoloration, 

and marginal integrity. The evaluation of 

color matching was classified as Alfa ac-

cording to the modified CDA and Ryge cri-

teria in 93.9% (248/265) and bravo in 6.4% 

(17/265) of the restorations, with no Charlie 

or Delta ratings recorded. The ceramic sur-

face was rated as Alfa in 97.7% (259/265) 

and beta in 2.2% (6/265), marginal discolor-

ation as Alfa in 97.3% (257/265) and beta in 

3% (8/265), and marginal integrity as Alfa in 

96.9% (256/265) and beta in 3.4% (9/265) of 

the restorations (Table 2).

Discussion

In this retrospective study, the clinical per-

formance of feather-edge liDisi veneers 

placed in a general practice environment 

for up to 105 months with a mean observa-

tion period of 54.4 months was investigated. 

The cumulative survival rate was 99.63%. 

This survival rate is comparable with the re-

sults of the studies by Aykor and Ozel 

(2009),12 guess and stappert (2008),34 

Fradeani et al (2005),11 and Fradeani 1998,35 

which investigated the survival rate of heat-
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Veneer locations and follow-up time

T 1.1 1.2 1.3 1.4 1.5 1.6 2.1 2.2 2.3 2.4 2.5 2.6 3.1 3.2 3.3 3.4 3.5 3.6 3.7 4.1 4.2 4.3 4.4 4.5 4.6 4.7

61 1 1 1 1 1 1

62 1

65 1 1 1 1 1 1 1 1

66 1 1 1 1

69 1 1 1 1 1

70 1 1 1

72 2 2 1 1 2 2 1

73 1 1

76 1

77 1 1

80 1 1 1 1 1 1 1 1

81 1 1

84 1

87 1 1 1 1 1 1

88 1

94 1 1 1 1 1 1

97 1 1 1 1

98 1 1 1 1 1 1

99 1 1 1 1 1 1 1 1

105 1

T: Time (in months)

Table 2 Data referring to the final check between January and March 2017 according to the modified CDA and Ryge criteria

Clinical rating for the 265 LiDiSi veneers

Alfa Bravo Charlie Delta

Color matching 248 17

Ceramic surface 259 6

Marginal discoloration 257 8

Marginal integrity 256 9
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pressed ceramic veneers with a traditional 

preparation.

In the present investigation, 93.9% of ve-

neers received the highest rating (Alfa) for 

color matching. Only 6.4% received a bravo 

rating; the lack of optimal color matching in 

these cases was probably due to the ultra-

conservative preparation, even in severely 

discolored teeth. Indeed, when the same 

ingot is used to press all the restorations for 

the same case, a single or a few discolored 

teeth could affect the final perfect color 

matching of the restorations.

The quality of the ceramic surface was 

given the highest rating in 97.7% of the res-

torations. Pressable systems have higher 

strength and fracture toughness than pow-

der/liquid systems (porcelain) due to their 

lower porosity and higher concentration of 

crystals.36

All the ceramic restorations were per-

fectly polished by the dental laboratory, and 

only in the case of occlusal adjustments 

was postcementation polishing performed. 

The marginal discoloration and marginal in-

tegrity evaluation showed slightly better re-

sults, probably because the feather-edge 

design with less tooth preparation exhibited 

smaller marginal openings compared with 

the traditional preparation technique, which 

presented microleakage after 5 years in 9% 

of restorations.37-39

Marginal discoloration events that re-

ceived a beta score were recorded in 3% of 

restorations, a significantly better result 

compared with the recorded 9.5% of cumu-

lative 5-year rates weighted in the systemat-

ic review published by Petridis et al in 2012.37 

The marginal discoloration rate is similar to 

the data presented by Morimoto et al38 in 

their systematic review, probably due to the 

more conservative preparation approach of 

the included studies. Compared with the 

overall cumulative survival rate in other clin-

ical studies, the present authors found bet-

ter clinical performance of glass-ceramic 

veneers (94%) and feldspathic porcelain ve-

neers (87%).38

Preparation through the mock-up and 

the absence of a marginal chamfer or shoul-

der allows the clinician to preserve the 

enamel even in the cervical area, the most 

critical zone.3,4,33

several studies have shown a relation-

ship between fracture of the ceramics and 

insufficient thickness of the restoration;24-26 

on the other hand, deep preparation that 

exposes a large amount of dentin could ex-

pose the restoration to an increased risk of 

debonding and microleakage.27-33 Ceramics 

with a vitreous phase, which allow bonding, 

demand less dental preparation. The larger 

the amount of tooth preserved, the smaller 

the deflection of the tooth, and this could 

explain the absence of failure in the short 

and medium terms. The tooth–ceramic in-

terface becomes very strong after adhesive 

cementation, reinforcing the ceramic and 

restoring the strength of the tooth.40

While liDisi crowns have been tested 

with shoulderless preparations, no data are 

available on the use of a vertical finish line 

margin on veneers, either clinically or in vi-

tro. Only two previous articles reported the 

use of feather-edge tooth preparation with 

liDisi in full-crown restorations. The results 

of our analyses are similar to the data pub-

lished by Cortellini in 2012,19 and Valenti and 

Valenti in 2015.20

A vertical tooth preparation combined 

with a liDisi restoration represents the max-

imum preservation of dental substance be-

cause of the limited thickness of the crown 

in the cervical area, and, thanks to the trans-

lucency of liDisi, allows for the minimiza-

tion of restoration thickness without influ-

encing resistance.

The slight overcontour present at the 

margin of the restoration is not a periodon-

tal health-risk factor because this approach 

recreates an artificial cementoenamel junc-

tion, where the all-ceramic crown replaces 
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the enamel with a stable gingival level and 

with no sign of inflammation.19,20

The success rate of the restorations 

achieved in the present study was probably 

influenced by the flexural strength of liDisi, 

and a minimally invasive preparation with 

the highest degree of enamel preservation, 

not only on the margins but also on the 

tooth surface. Only one failure was record-

ed after 3 years of clinical service. The clin-

ician who had performed this restoration 

had performed a cementation using rubber 

dam. The static and dynamic occlusal con-

tacts were correct (achieving the contact 

on the palatal tooth structure in the maxi-

mum intercuspation position and avoiding 

any interference during protrusive and later-

al movement), so the failure was probably 

due to a traumatic event (the patient was 

chewing a sweet and came across an unex-

pected seed inside it) rather than an adhe-

sive failure.

Conclusions

The clinical performance of liDisi with 

feather-edge margins, shown in this retro-

spective analysis, suggests that this ap-

proach achieves similar results to those re-

ported for other margin designs or different 

kinds of restorations, allowing for very con-

servative tooth preparation and an excellent 

esthetic outcome. Although the survival 

analysis of this study is a useful reference re-

garding the medium-term capabilities of 

liDisi used in vertical tooth preparations, 

longer-term randomized controlled clinical 

trials should also be conducted.
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