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Abstract

Purpose: To evaluate the clinical per-

formance of lithium disilicate (LiDiSi) 

crowns with a feather-edge finish line 

margin over a 9-year period.

Materials and methods: In total, 110 lithi-

um disilicate crowns, 40 anterior (36.3%) 

and 70 posterior (63.7%), were cement-

ed with resin cement after fluoridric acid 

and silane surface treatment and ob-

served by a different clinician. The data 

were analyzed using the Kaplan-Meier 

method. The clinical evaluation used 

the California Dental Association (CDA) 

modified criteria after recalling all pa-

tients between January and April 2013.

Results: Two crowns had failed and were 

replaced due to core fractures. One 

chipping occurred on a first molar and 

the ceramic surface was polished. The 

overall survival probability was 96.1% 

up to 9 years, with a failure rate of 1.8%.

Conclusion: In this retrospective analy-

sis, lithium disilicate with a vertical fin-

ish line used in single-crown restor-

ations had a low clinical failure rate up 

to 9  years.

(Int J Esthet Dent 2015;10:246–257)
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Introduction

Although the metal-ceramic form is still 

the gold standard among prosthetic re-

storative materials, all-ceramic crowns 

are now commonly used by dentists. 

The use of materials without metal has 

the key advantage of achieving an es-

thetic outcome in a simpler way, which 

meets the growing needs of patients. Yet 

esthetics is not the only advantage of a 

metal-free approach;1 due to adhesive 

techniques it is also more conservative 

and allows for the preservation of den-

tal tissue.2-4 All-ceramic restorations, 

especially in the rehabilitation of single 

crowns, give predictable results over the 

medium and long term.5,6

IPS Empress 2 and the newer brand 

e.max (Ivoclar Vivadent) are lithium disil-

icate (LiDiSi)-based ceramics. LiDiSi is a 

heat-pressed or CAD/CAM ceramic with 

a crystalline phase, consisting of LiDiSi 

and lithium orthophosphate, which in-

creases resistance without negatively 

influencing translucency. It has a biax-

ial flexural strength of 407  ±  45  MPa.7 

This material is used to fabricate high-

strength cores for porcelain-supported 

or monolithic restorations.8

The tooth preparation indicated by 

manufacturers for metal-free restor-

ations has always been a horizontal 

preparation with a well-defined margin: 

chamfer, shoulder, or a slight chamfer.

To define a tooth preparation without 

a defined finishing line, terms such as 

knife edge, feather edge, shoulderless, 

or more simply, vertical preparation are 

used, differentiating it from the typical 

horizontal chamfer or shoulder.9

The vertical preparation is classically 

indicated for perio-prosthetic rehabilita-

tion10,11 and for ceramo-metal restor-

ations. In contrast, little has been pub-

lished on the use of all-ceramic crowns 

with a feather-edge preparation.12,13

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 ‘un-

conscious’ manner by some clinicians. 

We refer here to the additional ceramic 

restorations that exploit the opportunity 

to cement adhesively etchable dental 

ceramic to the tooth structure.14 Such 

restorations, by their nature, often have 

a very thin margin, comparable to a 

feather-edge margin. These additional 

restorations are often made with feld-

spathic ceramics,15 which have poor-

er biomechanical characteristics than 

 LiDiSi.

The combination of LiDiSi and a ver-

tical preparation is, in our opinion, the 

most conservative approach possible 

in prosthetic dentistry: a high-strength, 

etchable ceramic that can be used at 

minimum thickness,16 and a vertical 

tooth preparation with maximum preser-

vation of dental substance, especially in 

the cervical area.17

We retrospectively reviewed the clin-

ical performance of 110 LiDiSi crowns 

with knife-edge margins placed at a pri-

vate dental practice over a 7-year period 

from 2004 to 2010.

Materials and methods

In a general practice, the same clinician 

treated 59 patients (42 women, 17 men) 

with 110 LiDiSi crowns (40 mandibular, 

70 maxillary; 39 anterior, 71 posterior) 
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with a knife-edge preparation over a 

69-month period (Table  1). Crown se-

lection was based on patient need and 

desire, with no distinction based on age 

or gender. The patients were recalled 

for professional 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 verti-

cal finishing line and an overall reduc-

tion from 0.2  mm to 2  mm for the oc-

clusal and incisal surfaces. Provisional 

crowns were prepared to maintain gin-

gival health and tooth position and ce-

mented with eugenol18 provisional ce-

Two weeks after tooth preparation, 

the Youdelis double-retraction cord (Ul-

trapack, Ultradent; and Sil-Trax, Pascal) 

technique was used before the final im-

pression was made with polyether ma-

terial (Impregum Penta, 3M ESPE) us-

ing a single-impression, double-mixing 

technique with a standard tray. The cord 

size was based on the depth of the gin-

gival sulcus. A full-arch, irreversible, hy-

drocolloid impression (Alginoplast, Her-

aeus Kulzer) was made of the opposing 

dentition and poured immediately with 

type IV dental stone (GC Fujirock EP, GC 

America).

All the crowns were fabricated by the 

same dental technician according to the 

manufacturer’s instructions. Each crown 

was assessed for proximal contacts, 

occlusal relationships, shade matching, 

and marginal adaptation. Small occlusal 

adjustments were made before luting, 

where necessary, and the final occlu-

sion was checked after cementation us-

ing conic-shaped burs with grit sizes of 

Cementation was performed without 

a dental dam; the operative field was 

isolated with cotton rolls and high-ve-

locity evacuation. The restorations were 

etched with 5% hydrofluoric acid (Por-

and rinsed with water, then dried and 

silanized with Monobond-S (Ivoclar Vi-

vadent).19,20 The prepared tooth was 

treated with a dentin self-etching primer 

and a dual-polymerizing resin cement 

was used (Multilink Automix, Ivoclar Vi-

vadent).

Initial light polymerization was per-

formed for a few seconds. Any excess 

cement was removed from the buc-

cal and lingual surfaces with a dental 

probe, dental floss, and a double-edged 

blade (surgical scalpel blade No. 12D, 

Swann-Morton). The final polymerization 

was performed for 3  min with a halogen 

curing light at 780  mW/cm2 (Optilux 

501, Kerr). The occlusion was refined, 

where needed, and any adjusted crown 

surfaces were polished. Final occlusal 

adjustments were performed with egg-

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

ramic surface was then polished with 

silicone discs (ceramic polisher 9545F, 

paste (Dia Glace diamond paste, Yeti).

Infiltration due to abutment decay, 

core fracture or partial debonding that 

exposed the tooth structure were the 

main criteria for irreparable failure. The 

first evaluation was performed at the 

time of cementation (baseline), with 

revaluations being made once every 

3 to 6 months thereafter during routine 

professional hygiene appointments. 

Every examination was performed us-

ing an intraoral mirror, a sharp explorer, 
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Time (m)
Maxillary crowns Mandibular crowns

Anterior Posterior Replaced Anterior Posterior Replaced

108 3

107 2

102 1

95 1

94 1

91 4

88 2

86 1

86 2

84 1

84 2

84 1

83 1

82 1

82 1

81 3

80 3

80 2 1 – premolar

80 1

76 1

76 1

75 1

73 1

73 1

73 1

73 1

72 1

71 3 2

68 2 1

67 1

67 1

67 1

64 2

62 2

62 2

61 1

61 1

59 4 2

58 2

Table 1 Crown locations and distribution
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 periodontal probe (XP23/OW probe, Hu-

Friedy), radiographs (once a year), and, 

in some cases, photographs.

All the patients were recalled between 

January and April 2013. The crowns 

were evaluated for apparent changes in 

their outward structural integrity (chips, 

cracks, fractures) and marginal integrity 

with a sharp dental explorer, in accord-

ance with the modified CDA and Ryge 

criteria.21,22 The analysis was always 

performed by a different clinician work-

ing in the same practice and at the Oral 

Surgery and Oral Medicine Department 

of Milan University at San Paolo Hospi-

tal in Milan. For failed restorations, the 

examiner tried to determine the cause 

of failure.

The survival rate of the ceramic 

crowns was evaluated statistically using 

the Kaplan-Meier method with MedCalc 

12.1 software (MedCalc). The survival 

time was defined as the period of time 

starting at baseline and ending when 

the clinician estimated that an irrepara-

ble failure of the crown had occurred. 

If the crown was considered a failure, it 

was replaced with a new one.

Time (m)
Maxillary crowns Mandibular crowns

Anterior Posterior Replaced Anterior Posterior Replaced

56 3 2 6 2

52 3

51 6

50 1

49 1

49 1

48 1

48 1

48 1

46 1

45 1

44 1

44 1

44 1

40 1

40 1

39 2

39 3 1 – molar

39 1

39 1

29 41 0 10 30 2

70 40

Table 1 Continued
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Results

The clinical survival of 110 crowns 

placed in 59 patients (18 men, 41 wom-

en) over 7 years (with crowns in service 

between 39 and 108 months) was stud-

ied between January and April 2013. Of 

the 110 crowns, 39 (35.45%) were an-

terior and 71 (65.55%) were posterior; 

70 crowns were placed in the maxilla 

and 40 in the mandible. Table  1 shows 

the data regarding location, time of 

placement, and time of failure of the 110 

crowns.

Two crowns failed due to core frac-

tures (both posterior mandibular): a 

mandibular first molar after 12 months, 

and a mandibular first premolar after 56 

months (Fig  1). 

with a zirconia restoration and the pre-

molar with an LiDiSi restoration. These 

two crowns are not included in the evalu-

ation table (Table  2). 

One fiber post-decementation oc-

curred on a maxillary canine after 46 

months (Fig  2); the restoration was 

treated as a Richmond crown, sanded, 

and luted with a self-adhesive cement 

(Rely X Unicem 2 Automix, 3M ESPE). 

The crown is still functioning and was not 

considered a failure.

The 108 crowns were rated excellent 

for marginal discoloration and marginal 

integrity (Table  2); one crown on a maxil-

lary first molar scored Charlie for porce-

lain surface (Fig  3) because a chipping 

occurred in the buccal-distal cuspid. 

The porcelain surface was polished; 

the crown is still functioning and was 

not considered a failure. One hundred 

crowns scored Alfa for color match, as 

did 102 for porcelain surface.

Fig 1  Clinical failure: complete fracture of man-

dibular first premolar.

Fig 2  Post-decementation covered by resin. The 

post-cement and an internal crown were sanded 

and luted as a Richmond crown.

Fig 3  Chipping in the buccal-distal cuspid was 

polished and rated as acceptable.
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The total failure rate was 2.81% (2/71) 

for posterior crowns and 0% (0/39) for 

anterior crowns. According to the Ka-

plan-Meier23 survival estimation method, 

the overall survival probability of the 110 

crowns was 96.1% up to 9 years (Fig  4). 

The survival probability was 100% for 

the 39 anterior crowns and 94.5% for 

the posterior crowns for up to 9 years 

(Fig  5).

Discussion

In this retrospective study, we evaluated 

the clinical performance of feather-edge 

LiDiSi crowns placed in a general prac-

tice for up to 9 years. LiDiSi crowns had 

a survival rate of 96.1%. This rate is com-

patible with the results of other studies 

that have investigated the survival rate 

of LiDiSi crowns with horizontal marginal 

finish lines5-24 and with ceramo-metal 

single restorations.25

In our investigation, the crowns re-

ceived the highest rating (Alfa) for the 

modified CDA and Ryge criteria. The 

porcelain surface (4.6%), and the single 

Charlie for the porcelain surface due to 

a Grade 1 chipping,26 occurred on the 

vestibular cuspid of the maxillary first 

molar (Fig  3). Compared to our previous 

study,27 the margin discoloration and 

Fig 4  Kaplan-Meier analysis: overall. Fig 5  Kaplan-Meier analysis: anterior and pos-

terior.

Table 2 Clinical rating of 108 lithium disilicate crowns

Parameter Alfa Bravo Charlie Delta

Color match 100 8 0 0

Porcelain surface 102 5 1 0

Marginal discoloration 108 0 0 0

Marginal integrity 108 0 0 0
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marginal integrity evaluation showed 

slightly better results, probably because 

the shoulder with less tooth preparation 

exhibited smaller marginal openings.28

While zirconia crowns have been test-

ed with shoulderless preparations,12 no 

data are available on the use of a verti-

cal finish line margin on glass ceramic, 

clinically or in vitro, but generally the use 

of knife-edge margins is contraindicated 

with metal-free restorations28,29 to avoid 

stress development in the finish-line ar-

ea and margin restoration fractures.

Only one previous article reported 

the use of feather-edge tooth prepar-

ation with LiDiSi,13 but it is more a de-

scription of the treatment concept than 

a retrospective analysis. The results of 

our analyses are similar to the data pub-

lished by Cortellini in 2012.13

Fig 6  Central incisor single-crown restoration with 

feather-edge finish margin line.

A vertical tooth preparation combined 

with an LiDiSi restoration represents the 

maximum preservation of dental sub-

stance because of the limited thickness 

of the crown in the cervical area, and, 

thanks to the translucency of LiDiSi, al-

lows the minimization of restoration thick-

ness without influencing resistance.30,31 

The slight overcontour present at the 

margin of the restoration is not a peri-

odontal health risk factor because this 

approach recreates an artificial CEJ 

where the all-ceramic crown replaces 

the enamel with a stable gingival level 

and with no sign of inflammation.32

The success rate of the restorations 

achieved in this study was probably 

influenced by the flexural strength of 

LiDiSi,7 improved by the use of resin ce-

ment4 for luting after the crown surface 

was treated with HF and silane.33-35 The 

likely reasons for the two crown failures 

observed are that, for the early one (12 

months), the restoration was too thin in 

the occlusal aspect, and for the later 

one, the patient’s unintentional biting of 

a chicken bone.

Like any retrospective study, this 

evaluation has some limitations. The 

crowns were not placed simultaneously 

and we evaluated all the crowns individ-

ually, even where each patient had more 

than one crown on average (Table  3). 

Another bias might have occurred be-

cause the crowns were manufactured as 

monolithic for the posterior restorations 

and veneered for the anterior ones. In 

addition, differences existed between 

the number of anterior and posterior 

crowns and between crowns located in 

the maxilla and mandible. Nevertheless, 

the clinical evaluation process involved 

a different clinician working at the Dental 
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Clinic of Milan University at Sao Paolo 

Hospital, and the results of this study in-

dicate excellent outcomes, with an esti-

mated survival probability of 96.1% for 

up to 9 years.

The clinical performance of LiDiSi with 

feather-edge margins, shown in this ret-

rospective analysis, suggests that this 

approach gives a similar result to those 

reported for other margin designs24 or 

different kinds of restorations,12 allow-

ing for very conservative tooth prepar-

ation and an excellent esthetic outcome 

(Fig  6). Although this survival analysis 

is a useful reference regarding the me-

dium-term capabilities of LiDiSi used in 

vertical tooth preparations, longer-term 

randomized controlled clinical trials 

should also be conducted.

Conclusions

Within the limitations of this retrospec-

tive clinical analysis of 110 LiDiSi crowns 

with feather-edge marginal preparation 

in a private general practice, an overall 

failure rate of 1.8% was achieved. This 

result is similar to the failure rate reported 

for single-crown restorations with other 

margin designs and different metal-free 

materials.

Table 3 Patient crown distribution

Number of crowns per patient Patients Total crowns

13 1 13

6 2 12

5 1 5

4 1 4

3 6 18

2 10 20

1 38 38

Total 59 110

Maxillary anterior 30

Mandibular anterior 10

Maxillary posterior 40

Mandibular posterior 30
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