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Abstract Introduction: Lithium disilicate glass–ceramic (LDC) restorations exhibit microorgan-

ism infiltration, recurrent caries, pulpal lesions, periodontal inflammation, and cement exposure

to the oral environment over time. All these factors lead to restoration failure. This systematic

review aimed to investigate the clinical outcomes of LDC full-coverage crowns (FCC) in permanent

teeth compared with those of other full-coverage restoration materials.

Materials & Methods: Search strategies were developed for four databases: Web of Science,

OVID, PubMed, and Scopus. Data extraction and quality appraisals were performed by two inde-

pendent reviewers. Data on the presence of caries, post-operative sensitivity, and periodontal

changes were extracted from the included clinical studies. In addition to the outcome measures, data

on the sample size, study groups, method of restoration fabrication, type of impression, and type of

abutment were recorded.

Results: We retrieved 3989 records for the title and abstract screening. Of these, 19 clinical stud-

ies met the inclusion criteria. The overall quality of the included studies indicates a low risk of bias.

Most studies reported no pulpal involvement, recurrent caries, or post-operative sensitivity and
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presented a favorable periodontal response after the cementation of LDC-FCC during different

follow-up periods.

Conclusion: Based on the endodontic and periodontic clinical responses of natural tooth abut-

ments and their supporting periodontium, LDC-FCC can be considered a clinically successful

restorative option.

� 2023 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Dental ceramics that are fabricated using modern manufactur-

ing processes are commonly used in the construction of fixed
dental prostheses (Li et al., 2014; Tinschert et al., 2004). Cera-
mic restorations offer satisfactory properties that are valued by

patients in ‘‘modern-day” dentistry. These include excellent
esthetics, functional quality, and biocompatibility (Santos
et al., 2015; Suputtamongkol et al., 2008). The variability in
dental ceramic restorations provides dental practitioners with

a broad range of choices based on the patient’s clinical condi-
tions and expectations (Seidel et al., 2020). Further advances in
the mechanical and esthetic properties of dental ceramics have

led to the introduction of lithium disilicate glass ceramics
(LDC) (Ritter, 2010; Sanches et al., 2021). These consist of
lithium oxide crystals embedded in a glassy matrix (Rizkalla

& Jones, 2004). The interlocking orientation of the crystals
prevents crack propagation, resulting in a superior flexural
strength of up to 440 MPa (Rizkalla & Jones, 2004). Owing
to their excellent biomechanical performance, favorable esthet-

ics, and biocompatibility, LDC can be used safely in the
production of monolithic restorations and as a core material
for ceramic veneers (Maunula et al., 2017; Wendler et al.,
2017).

All ceramic restorations, except LDC, can be classified

according to their fabrication method, composition, fusing
temperature, and microstructure (McLaren & Cao, 2009;
Warreth & Elkareimi, 2020). Ceramic restorations can be fab-

ricated through conventional stacking and sintering, heat- or
dry-pressing methods, split casting and infusion techniques,
or by computer-aided design and computer-aided manufactur-

ing (CAD/CAM) technology (Anadioti et al., 2014; Höland
et al., 2000; Sulaiman et al., 2015). All ceramic restorations
can be categorized into three groups based on their composi-

tion:1) glass-based ceramics (such as feldspathic porcelain, leu-
cite, and LDS), 2) glass-infiltration ceramics (e.g., in Ceram
groups), and 3) non-glass-based ceramics (polycrystalline
ceramics such as Alumina and Zirconia) (Warreth &

Elkareimi, 2020). LDC is among the most commonly used
glass-based ceramics, which can be used for two generations
(Teichmann et al., 2017). The IPS Empress 2 (Ivoclar

Vivadent, Schaan, Liechtenstein) belongs to the first
generation and IPS e.max Press (Ivoclar, Vivadent, Schaan,
Liechtenstein) represents the second generation. The second-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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generation LDC material signifies an improvement over the
first-generation IPS Empress 2 in terms of strength, the assort-
ment of translucency levels, and its enhanced ability to be used

as a monolithic restoration (Teichmann et al., 2017). In terms
of biocompatibility, all-ceramic materials such as LDC pro-
vide low solubility (Manicone et al., 2007) and high polishing

ability. These help reduce plaque accumulation (Chan &
Weber, 1986), and close marginal adaptation (Brawek et al.,
2013) for long term function. Conversely, the presence of mar-

ginal gaps results in a vicious cycle of plaque biofilm accumu-
lation, micro-infiltration of microbes, recurrent caries, pulpal
lesions, periodontal inflammation, and cement exposure to
the oral environment, ultimately leading to restoration failure

(Demir et al., 2014; Dolev et al., 2019; Tan et al., 2008).
In light of these circumstances and to provide insights into

the differing clinical applications of LDC restorations, data

analysis based on outcomes after a sufficient duration of clin-
ical service is necessary. Few systematic reviews have reported
on the performance of LDC restorations based on the assess-

ment of marginal adaptation and fatigue resistance
(Nawafleh et al., 2016; Sanches et al., 2021). Moreover, clinical
trials assessing recurrent caries occurrence and periodontal

and endodontic responses in teeth restored with LDC are
available (Schmitz et al., 2017, Fasbinder et al., 2010, Samer
et al., 2017). However, to our knowledge, no systematic
reviews have assessed these outcomes to provide an inclusive

conclusion. Therefore, this systematic review aimed to investi-
gate the clinical outcomes of single, full-coverage, lithium dis-
ilicate restorations in an adult population in comparison with

other materials commonly used for single, full-coverage
restorations such as zirconia, full metal, and porcelain-fused
metal crowns.
Table 1 Electronic search strategies for Web of Science

PubMed, Scopus and OVID Databases.

Database: PubMed

#1 (‘‘Milled ceramic” OR ‘‘Lithium disilicate” OR ‘‘Pressed

ceramic” OR ‘‘E-max” OR ‘‘All-ceramic”)

#2 (‘‘Full coverage*” OR ‘‘Crown*”

#3 #1 and #2

Database: SCOPUS

#1 ( TITLE-ABS-KEY ( all-ceramic ) ) OR ( TITLE-ABS-KEY

( e-max ) ) OR ( TITLE-ABS-KEY ( pressed AND ceramic ) )

OR ( TITLE-ABS-KEY ( milled AND ceramic ) ) OR

( TITLE-ABS-KEY ( lithium AND disilicate )

#2 ( TITLE-ABS-KEY ( crown* ) ) OR ( TITLE-ABS-KEY ( full

AND coverage* )

#3 #1 and #2

Database: Web of Science

#1 TS= (All-ceramic OR Milled ceramic OR E-max OR Pressed

ceramic OR Lithium disilicate)

#2 TS=(Crown* OR Full coverage*)

#3 #1 and #2

Database: OVID (Ovid MEDLINE� and Epub Ahead of Print, In-

Process & Other Non-Indexed Citations, Daily and Versions�1946

to 1 June 2020)

#1 All-ceramic.ti,ab. OR E-max.ti,ab. OR Pressed ceramic.ti,ab.

OR Milled ceramic.ti,ab. OR lithium disilicate.ti,ab.

#2 Crown*.ti,ab. OR full coverage*.ti,ab

#3 #1 and #2
2. Materials and methods

2.1. Research question

The PICO factors of this systematic review were:

� Population: Adults requiring single, full-coverage, all-
ceramic (lithium disilicate) restorations.

� Intervention: Single, full-coverage all ceramic (lithium disil-
icate) restoration.

� Comparator: Any other materials used for single, full-

coverage restorations.
� Clinical outcomes: pulpal involvement, recurrent caries,
post-operative sensitivity, and periodontal changes.

The work focused on clinical outcomes such as pulpal
involvement, recurrent caries, post-operative sensitivity, and
periodontal changes. The authors followed The Preferred

Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for systematic reviews and meta-
analyses (Liberati et al., 2009). The review protocol was prede-

termined but not published.

2.2. Search strategies

The search strategies were developed and applied by four
authors (M. S. I., Y. A.D., N. M.A., and H. M.A.) to the four
databases listed in Table 1. PubMed, SCOPUS, Web of
Science, and OVID Medline were searched for published arti-

cles on March 1, 2021, with no restriction filters at this stage.
All resulting citations and abstracts were downloaded and
imported to the Covidence online platform (https://www.covi-

dence.org/) for screening.

2.3. Inclusion and exclusion criteria

The primary inclusion criterion for this review was a clinical
study that assessed clinical outcomes, including pulpal involve-
ment, recurrent caries, post-operative sensitivity, and peri-
odontal changes in tooth-supported, single, full-coverage,

LDC prostheses. Case reports, case series, and review articles
in addition to studies that exclusively assessed fixed-partial
dentures, partial-coverage restorations, and non-tooth-

supported restorations were excluded.

2.4. Screening and study selection

Two reviewers independently selected and screened the studies
(N.M.A and H.M.A). The screening protocol included title
and abstract screening, followed by full-text screening as

shown in the PRISMA flow diagram (Fig. 1). Articles that
did not meet the inclusion criteria were excluded. Conflicts
between the reviewers were resolved by two senior reviewers
(M. S. I. and Y. A.D.).

2.5. Data extraction

Data were extracted by two reviewers (N. M.A. and H. M.A.)

using a customized data extraction spreadsheet in Microsoft
Excel (2020) software. Moreover, the results of the presence

https://www.covidence.org/
https://www.covidence.org/


Fig. 1 PRISMA flow diagram of study screening and selection.
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of pulpal involvement, recurrent caries, post-operative sensitiv-

ity, periodontal changes, and the degree of change were
extracted from the included studies. Additionally, data related
to sample size, including age and study groups, method of fab-

rication of the restoration, type of impression, and type of
abutment, were recorded.

2.6. Quality Assessment

Two independent reviewers assessed the risk of bias in the
included studies. Assessment tools for the included random-

ized clinical and observational studies were acquired from
the Cochrane Assessment Tools. Studies with two or more
‘‘High risk of bias” categories in any domain were considered
to have an overall high risk of bias.

2.7. Data synthesis

A qualitative summary of the characteristics and findings of

the included studies was reported. A quantitative meta-
analysis was not conducted due to the small number of
included studies and variations in the brand and type of

LDS, fabrication method, impression technique, and cementa-
tion protocol used.

3. Results

3.1. Study selection

We obtained 7742 records through an initial database search.
After removing duplicate studies, short communications, let-

ters to the editor, and technical notes, 3989 records were iden-
tified. The title and abstract screening of 3989 records yielded
238 studies for full-text screening. Eventually, 19 articles met

the inclusion criteria and were considered in this systematic
review (Fig. 1).

3.2. Characteristics of the included studies

The characteristics of the included studies are summarized in
Table 2. The reviewed studies comprised both retrospective
and prospective clinical datasets, and only nine of the 19



Table 2 Characteristics of included studies.

No. Study Type of Study

Clinical trial/

retrospective

Group

Sample Size

(# of crowns)

Participants Intervention Control Method of impression Method of

fabrication

Pressed/milled

Follow-up Time

1 Ahn et al., 2020 (Ahn

et al., 2022)

Clinical trial CEREC,

TRIOS

N = 12

EZIS:

N:16

Health status: without

any general disease

Age: 24 to 83 y

Gender: 10 male and

30 female

MLD based

on CAD/

CAM system:

CEREC

EZIS

TRIOS

– Digital impression

CEREC group:

CEREC Bluecam

EZIS group: EZIS PO

TRIOS group: TRIOS

3

CAD/CAM

Milled

Base line, 1 month, 2 mmonts,

3 months & 6 months

2 Hammoudi et al., 2020

(Hammoudi et al., 2022)

Clinical trial LDC

N = 362

TZ

N = 351

Health status: Good

overall dental health

Age: 25 to 63 years

Gender: 45 males and

17 females

LDC TZ Conventional

(Polyether material)

Not mentioned Base line, 14 months,

31 months, 39 months,

54 months & 65 months

3 Forrer et al., 2020

(Forrer et al., 2020)

Retrospective

study

CC:

N = 20

CP:

N = 39

CV:

N = 16

Health status: Not

mentioned

Age: Not mentioned

Gender: 30 males and

52 females

CC

CP

CV

– Not mentioned CAD/CAM

Milled

Base line & 4.08 ± 0.36 years

4 Scutella et al., 2020

(Scutella et al., 2020)

Retrospective

study

N = 122 Health status: Not

mentioned

Age: Mean age

56.4 years

Gender: 29 male and

58 female,

LDC – Digital impressions

(CEREC 3D Blue-

cam)

Chairside

CAD/CAM

Milled

5 years

5 Seidel et al., 2020 (Seidel

et al., 2020)

Clinical trial N = 15 Health status: Good

Age: 18 years and

above

Gender: Not

mentioned

MLD ZVGC Conventional

(polyvinylsiloxane

material)

CAD/CAM

Milled

Base line, 1 year, 2 years &

3 years

6 Aziz et al., 2019 (Aziz

et al., 2019)

Retrospective

clinical study

N = 40 Health Status: Not

mentioned

Age: 29–79 years

Gender: 12 males and

20 females

LDGC CAD-

CAM

CL Digital impression

(CEREC Omnicam)

CAD/CAM

Milled

4 years

7 Samer et al., 2017 (Samer

et al., 2017)

Cross sectional

study/

retrospective

N = 88 Health status:

Medically fit

Age: 18–64 years

Gender: 16 males and

31 females

LDC – Not mentioned Pressed Not clearly mentioned

8 Schimtz et al., 2017

(Schmitz et al., 2017)

Retrospective

clinical study

N: 627 Health status: Not

mentioned

Age: Not mentioned

Gender: Not

mentioned

MLD – Not mentioned Not mentioned 48.17 ± 27.72 months

(continued on next page)
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Table 2 (continued)

No. Study Type of Study

Clinical trial/

retrospective

Group

Sample Size

(# of crowns)

Participants Intervention Control Method of impression Method of

fabrication

Pressed/milled

Follow-up Time

9 Rauch et al., 2017

(Rauch et al., 2017)

Clinical trial N = 41 Health status: Healthy

Age: 26.2–73.8 years

Gender: 13 males and

21 females

LDC – Digital impressions

(Cerec 3 units)

CAD/CAM

milled

Base line, 6 months, 1 year,

2 years, 3 years, 4 years,

5 years, & 6 years

10 Teichmann et al., 2017

(Teichmann et al., 2017)

Prospective

clinical study

LDFDP:

N = 33

LDC:

N = 106

LDIMP:

N = 32

Other-LD:

N = 13

Health status: Not

mentioned

Age:

LDC: mean age 23.9

LDFDP: mean age

40.7

LDIM: mean age 40.7

Gender: 30 males and

38 females

LDC -

LDFDP

-

LDIMP

- Other-

LD

Conventional

(Polyether or A-

Silicon material)

Pressed Base line, 6 months, 1 year,

2 years, 3 years, 5 years &

7 years

11 Seydler et al., 2015

(Seydler & Schmitter,

2015)

Clinical trial N = 30 Health status: Not

mentioned

Age: Less than

18 years

Gender: 22 males and

38 Females

LDC VZ Digital Impression

(Blue cam; Sirona

Dental Systems)

CAD/CAM

Milled

1 year & 2 years

12 Toman et al., 2015

(Toman & Toksavul,

2015)

Clinical trial N = 125 Health status: Not

mentioned

Age: Not mentioned

Gender: 13 males and

21 females

LDC – Conventional

(Venylpolyvinyl

siloxane material)

Pressed Base line, 6 months, then

annually

13 Batson et al., 2014

(Batson et al., 2014)

Clinical trial MC:

N = 12

LDC, ZC

N = 10

Health status: Not

mentioned

Age: Not mentioned

Gender: Not

mentioned

LDC MC

ZC

CL

tooth

Digital Impression:

iTero

CAD/ CAM

Milled

Base line, 1 month &

6 months

14 Esquivel-Upshaw et al.,

2013 (Esquivel-Upshaw

et al., 2013)

Clinical trial N = 12 Health status: Good

overall dental health

Age: Above 18

Gender: Not

mentioned

LDC

LDCV

MC Conventional

(Polyvinyl siloxane)

Not mentioned Base line, 1 year, 2 years &

3 years

15 Cortellini et al., 2012

(Cortellini & Canale,

2012)

Clinical trial N = 235 Health status: Healthy

Age: 20–61 years

Gender: 32 males and

44 females

LDC – Conventional

(Polyether material)

-CAD/CAM

Milled

-Pressed

Base line, 1 year, 2 years &

3 years

16 Gehrt et al., 2012 (Gehrt

et al., 2013)

Clinical trial Adhesively

luted:N = 72

Glass-

ionomer

cement:

N = 32

Health status: Not

mentioned

Age: Mean age,

34 ± 9.6 years

Gender: 15 males and

26 females

LDC – Conventional

(Polyether material)

Pressed Base line, 5 years, 6 years,

7 years, 8 years & 9 years
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Table 2 (continued)

No. Study Type of Study

Clinical trial/

retrospective

Group

Sample Size

(# of crowns)

Participants Intervention Control Method of impression Method of

fabrication

Pressed/milled

Follow-up Time

17 Fasbinder et al., 2010

(Fasbinder et al., 2010)

Clinical trial LDC-4:

N = 23

LDC-5:

N = 39

Health status: Not

mentioned

Age: Not mentioned

Gender: Not

mentioned

LDC:

-LDC-4

-LDC-5

– Digital impression CAD/CAM

Milled

Base line, 6 months, 1 year &

2 years

18 Suputtamongkol et al.,

2008

(Suputtamongkol et al.,

2008)

Clinical trial N = 10 Health status: Good

to excellent overall

dental health.

Age: 20–56 years

Gender: 5 males & 25

females

LLD:

-LDC-1

-LDC-2

-LDC-3

– Conventional

(Polyvinyl siloxane

Material)

Pressed Base line, 1 year & 2 years

19 Taskonak et al., 2006

(Taskonak & Sertgöz,

2006)

Clinical trial N = 20 Health status: Not

mentioned

Age: 21–59 years

Gender: 3 males and

12 females

LDC LDFPD Conventional

(Polyvinyl siloxane

material)

Pressed Base line, 1 year & 2 years

MLD: Monolithic Lithium Disilicate crown, VZ: zirconia frameworks veneered with CAD/CAM-produced lithium disilicate ceramic, D: Day, M: Month, Y: Year, B: Baseline, NA: Not applicable,

LLD: Layered lithium disilicate crowns, LDC-1: Lithium Disilicate crown cemented with Variolink II resin cement (Ivoclar Vivadent), LDC-2: Lithium Disilicate crown cemented with temporary

cement. retrieved after 1 year of insertion., LDC-3: Lithium Disilicate crown cemented with temporary cement. retrieved after 2 years of insertion, LDC-4: Lithium Disilicate crown cemented with a

self-etching, dual-curing cement with a self-etching primer and adhesive, LDC-5: Lithium Disilicate crown cemented with an experimental self-adhesive, dual-curing cement, ZVGC: zirconia coping

hand- veneered with glass–ceramic, LD: Lithium disilicate, LDGC CAD-CAM: Lithium disilicate glass–ceramic (LDGC) computer-aided design (CAD)-computer- aided manufacturing (CAM), CL:

Contralateral, CP: Pressed Lithium Disilicate Crowns, CV: veneered pressed lithium disilicate crowns, CC: computer-aided design and computer-aided manufacturing lithium disilicate crowns,

FPDC: Veneered zirconia based FPD, FPDM: Metal Ceramic FPD, MC: Metal Crowns, LDC: Lithium Disilicate Crowns, ZC: Zirconia Crowns, LDFDP: Lithium disilicate fixed dental prosthesis,

LDIMP: Lithium disilicate implant-supported crowns, Other-LD: resin-bonded FDPs, inlay-retained FDP, implant FDP, ILD: In direct lithium disilicate restorations (inlay, partial crown and

crown), LDCV: Lithium disilicate core ceramic/veneer ceramic crowns, ZFPD: Zirconia Fixed Partial Denture, ILDC: implant supported lithium disilicate crowns, TZ: Translucent zirconia crown.
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Fig. 2 (A) Risk of bias appraisal for randomized clinical studies, (B) overall risk of bias for each domain of for randomized clinical

studies, (C) Risk of bias appraisal for observational studies, (D) overall risk of bias for each domain of for randomized clinical studies.

410 Y.A. Al-Dulaijan et al.
studies had control groups (Aziz et al., 2019; Batson et al.,
2014; Esquivel-Upshaw et al., 2013; Hammoudi et al.,

2022; Seidel et al., 2020a; Seydler & Schmitter, 2015;
Taskonak & Sertgöz, 2006; Teichmann et al., 2017). The
sample sizes were heterogeneous between the included stud-

ies and within the groups in individual studies. In some of
the included studies, demographic data, such as age, health
status, and sex of the participants were missing (Aziz

et al., 2019; Batson et al., 2014; Esquivel-Upshaw et al.,
2013; Fasbinder et al., 2010; Forrer et al., 2020; Gehrt
et al., 2013; Schmitz et al., 2017; Scutella et al., 2020;
Seidel et al., 2020a; Seydler & Schmitter, 2015; Taskonak

& Sertgöz, 2006; Teichmann et al., 2017; Toman &
Toksavul, 2015). While there was heterogeneity among the
studies in terms of the impression technique used (conven-

tional vs. digital), some studies did not mention the impres-
sion technique used (Forrer et al., 2020; Samer et al., 2017;
Schmitz et al., 2017). Similarly, variation was observed con-

cerning the ceramic prosthesis fabrication technique,
wherein 10 studies used CAD/CAM milling, 7 used the press
technique, and 3 did not report it (Esquivel-Upshaw et al.,
2013; Hammoudi et al., 2022; Schmitz et al., 2017). The

mean follow-up period in the included studies ranged from
one month to nine years.

3.3. Risk of bias appraisal

Most of the reviewed randomized clinical studies did not pro-
vide information about sample randomization, allocation,

blinding of participants, or outcome assessments (Fig. 2).
However, most of the included observational studies showed
an overall low risk of bias (Fig. 2). Two of the eight included
observational studies showed a high risk of bias in the con-

founding bias domain owing to variations in clinical skills
among the operators (undergraduate or postgraduate stu-
dents) who prepared and placed the crowns. One study also

showed a high risk of bias as a higher percentage of partici-
pants refused to report for recall visits
3.4. Outcomes of the included studies

3.4.1. Pulpal involvement

Of the 19 included studies, only six assessed pulpal involvement

during the follow-up period. These findings are summarized in
Table 3A. Two studies reported no pulpal involvement during
the follow-up periods. Four studies showed a very low percentage

of caries recurrence under LDC after one year or longer. Overall,
most studies reported no pulpal involvement with the placement
of LDC, and in the few crowns associated with pulpal involve-

ment, the involvement occurred after a long follow-up period.

3.4.2. Recurrent caries

Of the 19 studies assessed, 17 studies reported recurrent dental

caries after LDC placement. Only 6 of the 17 studies had
control groups that were used to compare the performance.
These findings are summarized in Table 3B. Fourteen out of

the 19 studies reported no recurrent caries during the follow-
up period. Overall, most studies reported minimal to no recur-
rent caries upon the use of LDC. Only four patients showed a
very low percentage of recurrent caries under LDC after two

years or longer.



Table 3 Included Studies Reporting Outcomes.

No. Study Assessment Method Intervention: N (%) Control: N (%) Summary of Results (p-value)

a. Pulpal Involvement

1 Forrer et al., 2020

(Forrer et al., 2020)

Presence of pulpal involvement CC:

Base line: 04 yers: 1

(11.1)

CP

Base line: 0

4 years: 1 (2.9)

CV

Base line: 0

4 years: 0

– There was no pulpal involvement

noticed on teeth with CC, CP, CV

after 4 years of follow up.

2 Schimtz et al., 2017

(Schmitz et al., 2017)

Presence of pulpal involvement MLD

Base line: NA

48.17 months: 1 (0.16)

– There was pulpal involvement

noticed on a tooth with MLD after

48.17 m of follow up.

3 Teichmann et al., 2017

(Teichmann et al., 2017)

Presence of pulpal involvement LDC:

4.2 years: 1 (0.94)

7.3 years: 1 (0.94)

10 years: 1 (0.94)

12.3 years: 1 (0.94)

12.6 years: 2 (1.88)

-LDFDP:

6.7 years: 1 (3)

-LDIMP: NA

-Other-LD: Not mentioned

Among the LDC group, pulpal

involvement was found in 1 tooth at

all follow up intervals. In the LDFDP

group, only one sample had pulpal

involvement at 6.7 y follow up

interval.

4 Seydler et al., 2015

(Seydler & Schmitter,

2015)

Presence of pulpal involvement MLD

Base line: NA

1 year: 2 (6.6)

2 years: 0 (0)

VZ

B:NA

1 year: 2 (6.6)

2 years: 0 (0)

Pulpal involvement was found after

1 year in both MLD and VZ groups.

No pulpal involvement was found

after two years of follow among all

groups.

5 Gehrt et al., 2012

(Gehrt et al., 2013)

Presence of pulpal involvement LDC:

40.2 months: 1 (1.1)

94.7 months: 2 (2.1)

– There was one tooth with LDC with

pulpal involvement at 40.2 m follow

up, and two at 94.7 m follow up.

6 Aziz et al., 2019

(Aziz et al., 2019)

Presence of pulpal involvement LDGC CAD-CAM:

4 years: 0 (0)

– There was no pulpal involvement

noticed on teeth with LDGC CAD-

CAM after 4 years of follow up.

b. Recurrent caries

1 Hammoudi et al., 2020

(Hammoudi et al., 2022)

Presence of recurrent caries LDCBase line: 0

(0)

14 months: 0 (0)

31 months: 0 (0)

39 months: 0 (0)

54 months: 0 (0)

65 months: 0 (0)

TZBase line: 0

(0)

14 months: 0 (0)

31 months: 0 (0)

39 months: 0 (0)

54 months: 0 (0)

65 months: 0 (0)

There was no recurrent caries noticed

on teeth with LDC and TZ at all

follow up intervals (No p-value was

reported).

2 Forrer et al., 2020

(Forrer et al., 2020)

Presence of recurrent caries CC:Base line: 0

(0)

4 years: 0 (0)

CPBase line: 0

(0)

4 years: 0 (0)

CVBase line: 0

(0)

4 years: 0 (0)

– There was no recurrent caries noticed

on teeth with CC, CP, CV at 4 years

of follow up (No p-value was

reported).

(continued on next page)
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Table 3 (continued)

No. Study Assessment Method Intervention: N (%) Control: N (%) Summary of Results (p-value)

3 Scutella et al., 2020

(Scutella et al., 2020)

Presence of recurrent caries LDC:

5 years: 0 (0)

– There was no recurrent caries noticed

on teeth with LDC after 5 years of

follow up (No p-value was reported).

4 Seidel et al., 2020

(Seidel et al., 2020b)

Presence of recurrent caries MLD:Base line: 0

(0)

1 year: 0 (0)

2 years: 0 (0)

3 years: 0 (0)

ZVGC:Base line: 0

(0)

1 year: 0 (0)

2 years: 0 (0)

3 years: 0 (0)

There was no recurrent caries noticed

on teeth with MLD and ZVGC after

1, 2, and 3 years of follow up (No p-

value was reported).

5 Samer et al., 2017

(Samer et al., 2017)

Presence of recurrent caries LDC:0

(0)

– There was no recurrent caries noticed

on teeth with LDC (No p-value was

reported).

6 Schimtz et al., 2017

(Schmitz et al., 2017)

Presence of recurrent caries MLD

Base line: NA

48.17 months: 0 (0)

– There was no recurrent caries noticed

on teeth with MLD at 48.17 months

of follow up (No p-value was

reported).

7 Rauch et al., 2016

(Rauch et al., 2017)

Presence of recurrent caries LDC:Base line: 0

(0)

6 months: 0 (0)

1 year: 0 (0)

2 years: 1 (2.4)

3 years: 1 (2.4)

4 years: 2 (4.9)

5 years: 1 (2.4)

6 years: 1 (2.4)

– There was no recurrent caries noticed

on teeth with LDC at 6 months and

1 year follow up (No p-value was

reported).One tooth with LDC had

recurrent caries at 2, 3, 5 and 6 y of

follow-up. Two teeth with LDC had

recurrent caries at 4 y of follow-up

(No p-value was reported).

8 Teichmann et al., 2017

(Teichmann et al., 2017)

Presence of recurrent caries LDC:

5.5 years: 1

10.3 years: 2

-LDFDP N:

5.5 years: 1

-LDIMP: NA

-Other-LD: Not mentioned

LDIMP and LDC had a significantly

higher survival than LDFDP

(LDIMP vs. LDFDP: both tests p-

value = 0.001; LDC vs. LDFDP: p-

value = 0.001 and p-value = 0.005)

at different follow-up periods.

9 Seydler et al., 2015

(Seydler & Schmitter,

2015)

Presence of recurrent caries MLD

Base line: NA

1 year: 0 (0)

2 years: 0 (0)

VZ

Base line:NA

1 year: 0 (0)

2 years: 0 (0)

There was no recurrent caries noticed

on teeth with MLD and VZ at all

follow-up periods (No p-value was

reported).

10 Toman et al., 2015

(Toman & Toksavul,

2015)

Presence of recurrent caries LDC:0

(0)

– There was no recurrent caries noticed

on teeth with LDC at all follow-up

periods (No p-value was reported).

11 Esquivel-Upshaw et al.,

2013

(Esquivel-Upshaw et al.,

2013)

Presence of recurrent caries LDC

Base line: NA

1 year: 0 (0)

2 years: 0 (0)

3 years: 0 (0)

LDCV:

Base line: NA

1 year: 0 (0)

2 years: 0 (0)

3 years: 0 (0)

MC:

Base line: NA

1 year: 1 (8)

2 years: 1 (8)

3 years: 2 (18)

Statistically insignificant differences

were found at 1 y follow-up with p-

value of 0.99, at 2 y follow-up with p-

value of 0.99 and at 3 y follow-up

with p-value of 0.32.
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Table 3 (continued)

No. Study Assessment Method Intervention: N (%) Control: N (%) Summary of Results (p-value)

12 Cortellini et al., 2012

(Cortellini & Canale,

2012)

Presence of recurrent caries LDC:

42.59 months: 0 (0)

31.2 months: 0 (0)

17.49 months: 0 (0)

8.12 months: 0 (0)

– There was no recurrent caries noticed

on teeth with LDC at all follow-up

periods.

13 Gehrt et al., 2012

(Gehrt et al., 2013)

Presence of recurrent caries LDC:

58.6 months: 1

– Not mentioned clearly

14 Fasbinder et al., 2010

(Fasbinder et al., 2010)

Presence of recurrent caries LDC-4 (%):

6 months: 0 (0)

1 year: 0 (0)

2 years: 0 (0)LDC-5 (%)

:

6 months: 0 (0)

1 year: 0 (0)

2 years: 0 (0)

– There was no recurrent caries noticed

on teeth with LDC-4 and LDC-5 at

all follow-up periods.

15 Aziz et al., 2007

(Aziz et al., 2019)

Presence of recurrent caries LDGC CAD-CAM:

24 months: 1 (2.5)

– There was one sample with recurrent

caries noticed on teeth with LDGC

CAD-CAM at 24-month of follow

up.

16 Suputtamongkol et al.,

2008

(Suputtamongkol et al.,

2008)

Presence of recurrent caries LLD:Base line: 0

(0)

1 year: 0 (0)

– There was no recurrent caries noticed

on teeth with LLD after 1 year of

follow-up.

17 Taskonak et al., 2006

(Taskonak & Sertgöz,

2006)

Presence of recurrent caries LDC (%):Base line: 0

(0)

1 year: 0 (0)

2 years: 0 (0)

LDFDP (%):Base line: 0

(0)

1 year: 0 (0)

2 years: 0 (0)

There was no recurrent caries noticed

on teeth with LDC and LDFPD after

1 and 2 years of follow-up.

c. Post-operative sensitivity

1 Samer et al., 2017

(Samer et al., 2017)

Presence of post-operative sensitivity LDC:0

(0)

– There was no post-operative

sensitivity noticed on teeth with LDC

at different follow-up periods.

2 Schimtz et al., 2017

(Schmitz et al., 2017)

Presence of post-operative sensitivity MLD

Base line: NA

48.17 months: 4 (0.64)

– (No p-value was reported).

3 Seydler et al., 2015

(Seydler & Schmitter,

2015)

Absence of post-operative sensitivity MLD

Base line: NA

1 year: 22 (73)

2 years: 28 (93)

VZ

Base line:NA

1 year: 24 (80)

2 years: 29 (96)

(No p-value was reported).

4 Toman et al., 2015

(Toman & Toksavul,

2015)

Presence of post-operative sensitivity LDC:0

(0)

– There was no post-operative

sensitivity noticed on teeth with LDC

at different follow-up periods.

5 Esquivel-Upshaw et al.,

2013

(Esquivel-Upshaw et al.,

2013)

Presence of post-operative sensitivity LDC

Base line: NA

1 year: 1 (8)

2 years: 1 (8)

3 years: 0 (0)

MC:

Base line: NA

1 year: 2 (15)

2 years: 1 (8)

3 years: 2 (18)

Statistically insignificant differences

were found at 1 y follow-up with p-

value of 0.99, at 2 y follow-up with p-

value of 0.99 and at 3 y follow-up

with p-value of 0.31.

(continued on next page)
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Table 3 (continued)

No. Study Assessment Method Intervention: N (%) Control: N (%) Summary of Results (p-value)

LDCV:

Base line: NA

1 year: 0 (0)

2 years: 1 (8)

3 years: 0 (0)

6 Cortellini et al., 2012

(Cortellini & Canale,

2012)

Presence of post-operative sensitivity LDC:

42.59 months: 0 (0)

31.2 months: 0 (0)

17.49 months: 0 (0)

8.12 months: 0 (0)

– There was no post-operative

sensitivity noticed on teeth with LDC

at all follow-up periods.

7 Fasbinder et al., 2010

(Fasbinder et al., 2010)

Presence of post-operative sensitivity LDC-4:

6 months: 2 (8.7)

1 year: 0 (0)

2 years: 0 (0)

LDC-5:

6 months: 3 (7.7)

1 year: 0 (0)

2 years: 0 (0)

– (No p-value was reported).

8 Aziz et al., 2007

(Aziz et al., 2019)

Presence of post-operative sensitivity LDGC CAD-CAM:

Base line: NA

2 months: 1

– There was no post-operative

sensitivity noticed on teeth with

LDGC CAD-CAM after 2 months of

follow-up.

9 Suputtamongkol et al.,

2008

(Suputtamongkol et al.,

2008)

Presence of post-operative sensitivity LLD:

Base line: NA

1 year: 0 (0)

– There was no post-operative

sensitivity noticed on teeth with LLD

after 1 year of follow-up.

10 Taskonak et al., 2006

(Taskonak & Sertgöz,

2006)

Absence of post-operative sensitivity LDC (%):Base line:

(95)

1 year: (95)

2 years: (100)

LDFDP (%):Base line:

(90)

1 years: (90)

2 years: (100)

(No p-value was reported).

d. Periodontal changes

1 Ahn et al., 2020

(Ahn et al., 2022)

Mean scores of:PD

(mm)BI

(score)PI

(score)

CEREC:

PD:

Base line: 1.4 ± 0.4

1 month: 1.5 ± 0.5

3 months: 1.6 ± 0.7

6 months: 1.9 ± 0.6

BI:

Base line: 0.3 ± 0.5

1 month: 0.7 ± 0.8

3 months: 0.8 ± 0.7

6 months: 0.7 ± 0.6

PI:

Base line: 0.5 ± 0.5

1 m: 0.8 ± 0.7

3 months: 1.1 ± 0.8

6 months: 1.1 ± 0.8

– Statistical insignificant differences

were found between the groups in the

PD, BI, and PI indices with p-value

of > 0.05.
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Table 3 (continued)

No. Study Assessment Method Intervention: N (%) Control: N (%) Summary of Results (p-value)

EZIS:

PD:

Base line: 1.2 ± 0.6

1 months: 1.4 ± 0.4

3 months: 1.5 ± 0.5

6 months: 1.7 ± 0.6

BI:

Base line: 0.2 ± 0.4

1 m: 0.3 ± 0.5

3 months: 0.4 ± 0.5

6 months: 0.3 ± 0.6

PI:

Base line: 0.6 ± 0.5

1 m: 0.6 ± 0.6

3 months: 0.5 ± 0.6

6 months: 0.5 ± 0.6

TRIOS:

PD:

Base line: 1.5 ± 0.4

1 m: 1.6 ± 0.4

3 months: 1.8 ± 0.5

6 months: 2.1 ± 0.5

BI:

Base line: 0.2 ± 0.4

1 m: 0.2 ± 0.4

3 months: 0.4 ± 0.5

6 months: 0.6 ± 0.9

PI:

Base line: 0.7 ± 0.5

1 m: 0.6 ± 0.5

3 months: 0.7 ± 0.5

6 months: 0.7 ± 0.7

2 Forrer et al., 2020

(Forrer et al., 2020)

Mean change in:

PI

BoP

Recession

PD

CAL

CP:

PI:

Base line: 0.17 ± 0.14

4 years: 0.03 ± 0.07

BoP:

Base line: 0.24 ± 0.30

4 years: 0.25 ± 0.28

Recession:

Base line: 0.09 ± 0.14

4 years: 0.16 ± 0.27

PD:

Base line: 2.62 ± 0.40

4 years: 2.61 ± 0.65

CAL:

Base line: 3.76 ± 0.74

– Periodontal parameters (mean sites

with plaque, mean sites with BoP)

significantly improved at the follow

up appointment (mean sites with

plaque p-value < 0.001, mean sites

with BOP with p-value = 0.017).

Statistical significant reduction in

PPD with p-value = 0.031 and

increase in recession with p-

value = 0.018 was noticed in the CC

group.

(continued on next page)
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Table 3 (continued)

No. Study Assessment Method Intervention: N (%) Control: N (%) Summary of Results (p-value)

4 years: 2.77 ± 0.70

CV:

PI:

Base line: 0.12 ± 0.14

4 years: 0.08 ± 0.11

BoP:

Base line:0.44 ± 0.33

4 years: 0.18 ± 0.19

Recession:

Base line: 0.06 ± 0.08

4 years: 0.12 ± 0.13

PD:

Base line: 2.38 ± 0.57

4 years: 2.40 ± 0.80

CAL:

Base line: 3.44 ± 0.94

4 years: 2.52 ± 0.82

CC:

PI:

Base line: 0.23 ± 0.24

4 years: 0.01 ± 0.04

BoP:

Base line: 0.25 ± 0.28

4 years: 0.12 ± 0.13

Recession:

Base line: 0.36 ± 0.36

4 years: 0.59 ± 0.47

PD:

Base line: 3.01 ± 0.46

4 years: 2.60 ± 0.90

CAL:

Base line: 4.40 ± 1.08

4 years: 3.9 ± 1.10

3 Teichmann et al., 2017

(Teichmann et al., 2017)

Presence of periodontal disease LDC (N):

1 year: 1

3.9 years: 1

4 years: 1

4.5 years: 1

7.6 years: 1

10.3–10.6 years: 4

-LDFDP:

3.1 years: 2

-LDIMP:

13.4 years: 1

14.8 years: 2

-Other-LD: Not mentioned

LDIMP and LDC had significantly

higher survival than LDFDP at

different follow-up intervals.

LDIMP vs. LDFDP: p-value = 0.001

at different follow-up intervals.

LDC vs. LDFDP: p-value = 0.001

and p-value = 0.005 at different

follow-up intervals.

4 Seydler et al., 2015

(Seydler & Schmitter,

2015)

Presence of periodontal disease MLD

Base line: NA

1 year: 0 (0)

2 years: 0 (0)

VZ

Base line:NA

1 year: 3 (10)

2 years: 1 (0.3)

(No p-value was reported).

5 Batson et al., 2014

(Batson et al., 2014)

Mean Change in:

Buccal GCF

LDC

Buccal GCF:

MC:

Buccal GCF:

No significant difference was found

among the three crown systems for
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Table 3 (continued)

No. Study Assessment Method Intervention: N (%) Control: N (%) Summary of Results (p-value)

Lingual GCF

Presence of BoP

Base line: 32.00 ± 9.56

1 month: 44.13 ± 24.51

6 months: 43.33 ± 19.10

Lingual GCF:

Base line: 39.40 ± 16.77

1 month: 56.88 ± 23.74

6 months: 39.83 ± 15.72

BoP:Base line: 5

(50)

1 month: 2 (25)

6 months: 2 (33)

Base line: 46.25 ± 23.95

1 month: 43.75 ± 14.06

6 months: 32.67 ± 14.51

Lingual GCF:

Base line: 33.25 ± 12.17

1 month: 43.17 ± 17.48

6 months: 37.50 ± 20.05

BoP:Base line: 8

(67)

1 month: 5 (42)

6 months: 3 (50)

ZC:

Buccal GCF:

Base line: 47.90 ± 22.79

1 month: 39.00 ± 12.12

6 months: 39.29 ± 14.40

Lingual GCF:

Base line: 44.10 ± 22.49

1 month: 37.00 ± 17.61

6 months: 42.57 ± 23.73

BoP:Base line: 6

(60)

1 month: 5 (56)

6 months: 2 (29)

GCF volumes or BOP.

6 Esquivel-Upshaw et al.,

2013

(Esquivel-Upshaw et al.,

2013)

Presence of periodontal disease LDC

Base line: NA

1 year: 0 (0)

2 years: 0 (0)

3 years: 0 (0)

LDCV:

Base line: NA

1 year: 0 (0)

2 years: 0 (0)

3 years: 0 (0)

MC:

Base line: NA

1 year: 1 (1.2)

2 years: 1 (1.2)

3 years: 1 (1.2)

Statistically significant differences

were found at 1 y follow-up with p-

value of 0.99, at 2 y follow-up with p-

value of 0.99 and at 3 y follow-up

with p-value of 0.99.

7 Cortellini et al., 2012

(Cortellini & Canale,

2012)

GI

PI

LDC:

GI

Score = 1: 18 (7.6)

PI:

Score = 1: 12 (5)

– GI and PI score of 1 was found in 18

cases and 12 cases, respectively at

different follow-up periods.

8 Gehrt et al., 2012

(Gehrt et al., 2013)

Presence of periodontal disease LDC:Base line: 0

(0)

5 years: 0 (0)

6 years: 0 (0)

7 years: 0 (0)

8 years: 0 (0)

9 years: 0 (0)

– (No p-value was reported).

(continued on next page)
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Table 3 (continued)

No. Study Assessment Method Intervention: N (%) Control: N (%) Summary of Results (p-value)

9 Aziz et al., 2019

(Aziz et al., 2019)

Presence of periodontal disease LDGC CAD-CAM:

4 years: 0 (0)

CL:

4 years: 0 (0)

Statistically insignificant differences

were found among the groups at

before and after insertion follow-up

with p-value of 0.452 and 0.486,

respectively.

Compared to control with p-value of

0.727 and 0.430, respectively.

10 Suputtamongkol et al.,

2007 (Suputtamongkol

et al., 2008)

Presence of periodontal disease LLD:Base line: 0

(0)

1 year: 0 (0)

– (No p-value was reported).

11 Taskonak et al., 2005

(Taskonak & Sertgöz,

2006)

GI = 0

PI = 0

LDC:

GI %:

Base line: 95

1 year: 80

2 years: 75

PI %:

Base line: 100

1 year: 70

2 years: 60

LDFDP:

GI %:

Base line: 90

1 year: 85

2 years: 85

PI %:

Base line: 100

1 year: 67

2 years: 80

There was an increase in GI and PI in

both intervention and control groups

at all follow-up periods.

NA:Not applicable, CC: computer-aided design and computer-aided manufacturing lithium disilicate crowns, CP: Pressed Lithium Disilicate Crowns, CV: veneered pressed lithium disilicate crowns,

MLD: Monolithic Lithium Disilicate crown, LDC: Lithium Disilicate Crowns, LDGC CAD-CAM: Lithium disilicate glass–ceramic (LDGC) computer-aided design (CAD)-computer- aided

manufacturing (CAM), LDFDP: Lithium disilicate fixed dental prosthesis, LDIMP: Lithium disilicate implant-supported crowns, Other-LD: resin-bonded FDPs, inlay-retained FDP, implant FDP,

VZ: zirconia frameworks veneered with CAD/CAM-produced lithium disilicate ceramic, TZ: Translucent zirconia crown, ZVGC: zirconia coping hand- veneered with glass–ceramic, MC: Metal

Crowns, LDCV: Lithium Disilicate Core ceramic/veneer ceramic crowns, LDC-4: Lithium Disilicate crown cemented with a self-etching, dual-curing cement with a self-etching primer and adhesive,

LDC-5: Lithium Disilicate crown cemented with an experimental self-adhesive, dual-curing cement, LLD: Layered lithium disilicate crowns, PD: Pocket Depth, BoP: Bleeding on Probing, PI: Plaque

Index, GI: Gingival index, CAL: Clinical Attachment Loss, GCF: Gingival Crevicular Fluid, BI: Bleeding Index, CEREC: CEREC Bluecam, CEREC AC, CEREC MC, computer-aided design and

computer-aided manufacturing system, EZIS: EZIS PO, EZIS VR, EZIS HM computer-aided design and computer-aided manufacturing system, TRIOS: TRIOS 3, EXO-CAD, ARUM-4X

computer-aided design and computer-aided manufacturing system, CL: Contralateral.

4
1
8

Y
.A

.
A
l-D

u
la
ija

n
et

a
l.



Clinical outcomes of single full-coverage lithium disilicate restorations 419
3.4.3. Post-operative sensitivity

Of the 19 included studies, only 10 assessed postoperative sen-

sitivity. A summary of these findings is provided in Table 3C.
Five of the studies reported no postoperative sensitivity to
LDC, and those that reported sensitivity to LDC showed the

disappearance of sensitivity with time.

3.4.4. Periodontal changes

Out of the 19 studies, periodontal changes were assessed as an

outcome in 11 studies, as shown in Table 3D. Among these 11
studies, no periodontal changes were reported during the
follow-up period after LDC placement in six studies. While

Ahn et al. (2022) reported no significant difference in the
pocket depth (PD), bleeding index (BI), and plaque index
(PI) among all groups of LDC crowns after a six-month

follow-up period, Forrer et al. (2020) reported a statistically
significant improvement in PI and bleeding on propping
(BoP) at all follow-up periods after the placement of LDC
crowns. They also reported a statistically significant decrease

in PD and a significant increase in recession in the CC group.
Similarly, Batson et al., (2014) indicated no significant differ-
ences in buccal and lingual gingival crevicular fluid (GCF) vol-

umes or BoP among all study groups at the different follow-up
periods. While Cortellini & Canale (2012) reported a gingival
index (GI) and a PI score of ‘‘100 in 18 cases and 12 cases,

respectively, Taskonak & Sertgöz (2006) reported an increase
in GI and PI in both the intervention and control groups at
all follow-up periods.

4. Discussion

Lithium disilicate-based ceramics have been widely used as

indirect restorative materials because of their esthetically
pleasing appearance, ability to mimic natural teeth, and ease
of fabrication using computer-aided design and manufacturing
technology (Rauch et al., 2018). Although clinicians frequently

face various interventions, the paucity of evidence for each
intervention hinders the decision of the optimal option for a
patient’s needs (Schwartz et al., 1997). The two-year and

five-year survival rates of LDC crowns are reportedly 100%
and 97.8%, respectively (Pieger et al., 2014). Nevertheless,
these crowns are associated with common complications such

as chipping, cracking, and fracture of the veneering porcelain
(Raigrodski et al., 2012; Sax et al., 2011). Several studies have
compared the mechanical and optical properties of LDC

crowns used for full-coverage restorations with those of other
similar restorations such as zirconia and porcelain-fused metal
crowns (Al-Thobity et al., 2021; Amaral et al., 2020; Nam
et al., n.d.; Zarone et al., 2019; Ziyad et al., 2021). However,

the current systematic review was novel as it discussed the
presence of recurrent caries, as well as periodontal and pulpal
outcomes of single, full-coverage lithium disilicate restora-

tions. Early and late biological complications are critical and
can affect the clinical outcomes of these restorations. Postop-
erative hypersensitivity and pulpal injuries are common early

complications induced by cavity preparation and cementation
techniques (Fotiadou et al., 2021; Wisithphrom et al., 2006).
Recurrent caries is the most common cause of late failure
(Hickel et al., 2007).

In clinical studies, a control group serves as the baseline for
determining the effectiveness of the study treatment (Schwartz
et al., 1997). In this review, of the 19 included studies, 11 did
not have control groups. This condition made it unfeasible
to perform a meta-analysis comparing LDC with other

restorative materials (Ahn et al., 2022; Cortellini & Canale,
2012; Fasbinder et al., 2010; Forrer et al., 2020; Gehrt et al.,
2013; Rauch et al., 2017; Samer et al., 2017; Schmitz et al.,

2017; Scutella et al., 2020; Suputtamongkol et al., 2008;
Toman & Toksavul, 2015).

Different techniques have been used to manufacture dental

restorations. CAD/CAM has recently gained popularity in
modern dentistry over conventional fabrication methods
(Kollmuss et al., 2016; Susic et al., 2017). Different philoso-
phies exist regarding these manufacturing methods with vari-

able expected outcomes (Kollmuss et al., 2016). However,
three of the included studies did not mention the method used
to fabricate the prosthesis (Esquivel-Upshaw et al., 2013;

Samer et al., 2017; Schmitz et al., 2017). A previous review
reported that the quality of CAD/CAM restorations is incon-
sistent and does not demonstrate superior performance com-

pared with existing conventional techniques (Ahmed, 2018).
We identified 11 studies that did not mention the overall

health status of their participants (Aziz et al., 2019; Batson

et al., 2014; Fasbinder et al., 2010; Forrer et al., 2020; Gehrt
et al., 2013; Schmitz et al., 2017; Scutella et al., 2020; Seydler
& Schmitter, 2015; Taskonak & Sertgöz, 2006; Teichmann
et al., 2017; Toman & Toksavul, 2015). In this context, know-

ing the participants’ medical histories and medications was
essential. Certain systemic conditions, such as poorly con-
trolled diabetes mellitus, can reportedly alter the periodontal

tissue (Lalla & Papapanou, 2011). Moreover, the intake of cer-
tain medications can adversely affect the periodontal tissue
and its healing ability (Hughes & Bartold, 2018; Khalid

et al., 2018). Iatrogenic gingival and periodontal tissue injuries
can occur during tooth preparation, especially while creating a
subgingival boundary finish line (Harish et al., 2015). Thus, the

healing of the gingival attachment apparatus after tooth prepa-
ration in a patient with systemic compromise is expected to dif-
fer from that of a healthy patient.

None of the included studies reported adverse pulpal reac-

tions following the cementation of LD crowns. This may be
due to the minimally invasive tooth preparation design
required for LD restorations (Cortellini & Canale, 2012; N.

A. Nawafleh et al., 2017). In contrast, extensive tooth prepara-
tion is required for certain other restorative materials, leading
to open dentinal tubules that contain the terminals of the pul-

pal nerve fibers, which are ultimately connected to the pulp
(Liu et al., 2020; Mantzourani & Sharma, 2013). Trauma dur-
ing tooth preparation is usually associated with extensive tooth
structure removal, which exposes more dentinal tubules and

adverse pulpal effects such as restoration-induced pulp hyper-
emia (Liu et al., 2020; Mantzourani & Sharma, 2013).

The marginal fit of full-coverage crowns is among the main

predictors of long-term biological success and longevity
(Riccitiello et al., 2018). The adverse consequences of crowns
with marginal discrepancies include high rates of microleakage

and bacterial biofilm formation. This increases the risk of
dentinal demineralization and periodontal inflammation
(Riccitiello et al., 2018). The emergence of CAD/CAM

technology has improved the marginal adaptation of full-
coverage crowns, thereby overcoming the dilemma of
recurrent caries (Contrepois et al., 2013; Zeltner et al., 2017).
In the current review, 10 of the 19 studies reported the use
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of CAD/CAM milling techniques in the fabrication of LDC.
However, seven studies reported the use of pressed LDC.
Additionally, four studies reported a low percentage of recur-

rent caries. Of them, two were pressed LDC, and two were fab-
ricated using CAD/CAM milling. Furthermore, no consensus
was obtained on the comparison between the marginal fit of

CAD/CAM restorations and those fabricated using conven-
tional techniques due to insufficient clinical data and the
heterogeneity of measurement protocols (Contrepois et al.,

2013; Zeltner et al., 2017).
The studies included in this review concluded that no post-

operative sensitivity was found with LDC and that those who
had initial postoperative sensitivity reported a resolution with

time. All studies used resin-based cement for their subjects.
The relationship between cement type, post-operative sensitiv-
ity, and patient satisfaction has been a popular topic in the lit-

erature. The major disadvantages of other cement types
include thermal damage to the pulp associated with Zinc Phos-
phate cement and low initial pH of Glass Ionomer Cement

(GIC), which are all risk factors for post-operative sensitivity
(Blatz et al., 2013). On the other hand, resin cement has been
proven to have a higher initial pH and low solubility, thereby

contributing to lower pulpal irritation and post-operative sen-
sitivity (Blatz et al., 2013).

A main advantage of LDCs is their biocompatibility with
oral soft tissues (Forster et al., 2014). The findings of the cur-

rent review revealed a favorable periodontal response after
LDC cementation. The high polishability of the lithium disili-
cate surface promotes the adhesion and proliferation of gingi-

val fibroblasts and epithelial cells (Tetè et al., 2014). Similarly,
little to no inflammatory reactions in the gingival crevicular
fluid have been reported after the insertion of lithium disilicate

restorations in the oral cavity (Ariaans et al., 2016). In addi-
tion, culture data have shown the natural reaction of the soft
tissue surrounding subgingival restorations fabricated with

lithium disilicate glass ceramics (Forster et al., 2014). Thus,
LDC is an excellent option for restoring teeth that require a
full-coverage restoration.

Due to the limited number of included studies, several fac-

tors were related to the fabrication of LDC. These included the
brand and type of LDS, fabrication method, impression tech-
nique, and cementation protocol. Another limitation was the

lack of information about the exact time when complications
occurred during the follow-up period, as knowing the time
of failure could aid in their categorization as early or delayed

complications. To our knowledge, this is the first systematic
review to evaluate the available evidence in the literature
regarding the clinical outcomes of lithium disilicate full-
coverage crowns. This review also identified the gaps and

opportunities for future research as it provided implications
for conducting well-designed clinical trials in the area of
restorative dentistry.

5. Conclusion

In dentistry, LDC is considered clinically successful after

assessing several biological responses of the natural tooth
abutment and the surrounding periodontium. We identified
successful clinical outcomes in terms of pulpal involvement,

recurrent caries, post-operative sensitivity, and periodontal
changes. The current review suggests that LDC is a good bio-
compatible restorative material for oral soft tissues. Owing to
the limited number of studies, further clinical trials with longer
follow-up periods are required for future meta-analyses.
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