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Abstract Objectives The current trial aimed to compare lithium disilicate (LS2) endocrowns’
clinical performance, gingival health, and parental satisfaction to those of prefabri-
cated zirconia crowns (ZCs) over a 24-month of follow-up.
Materials and Methods This study designed as a spilt-mouth randomized controlled
trial. A total of 88 pulpotomized mandibular second primarymolars of 44 children were
assigned into two equal groups. Forty-four molars were restored with prefabricated
primary ZCs (control group) and the same number were restored with LS2 endocrown
(intervention group). Clinical performance and gingival status were evaluated using a
modified United States Public Health Service criterion, and plaque and gingival indices.
Parental satisfaction was assessed using a 5-point Likert-scale questionnaire.
Statistical Analysis Paired data were analyzed using McNemar’s test, a statistical test
used on paired nominal data, and paired t-tests. The significance level was set to 5% at
95% confidence interval.
Results Both restorations showed comparable gingival health status over the follow-
ups. Marginal adaptation of the endocrowns and ZCs at the end of follow-up was 95.5
and 90.9%, respectively (p¼ 0.68). For marginal integrity and discoloration, both
restorations showed similar results at the follow-ups. The overall parental satisfaction
of both groups was statistically insignificant (p¼0.07). However, parents were more
satisfied with the endocrown color over that of the ZC (p<0.05).
Conclusion Endocrowns’ clinical performance and gingival health were comparable
to those of ZCs. For both restorations, parental satisfaction was nearly similar except for
the color that showed an advantage in favor of the endocrowns.
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Introduction

Restoration of pulpotomized primary molars is a commonly
performed procedure in the pediatric dental office. Using a
suitable final restoration is one of the determinants of
success or failure of endodontically treated primary molars.1

Restoration of pulpotomized primary molars serves to re-
place the lost tooth structure and enhance mechanical and
functional properties that augment the long-term prognosis
and survival of the tooth.2 Stainless steel crowns (SSCs) are
the commonly used full-coverage restoration of the primary
molars. SSCs are characterized by their high durability,
minimum technique sensitivity during placement, and their
reasonable cost.3 However, aesthetic restorations are often
required to satisfy both patients and parents/guardians.

Avariety of commercially available aesthetic crowns (both
veneered SSC and zirconia crowns [ZCs]) chosen for primary
molars are available, such as NuSmile (Houston, Texas,
United States), Kinder Krowns (St Louis Park, Minnesota,
United States), EZCrowns (Sprig Oral Health Technologies),
and Cheng Crown (Exton, Pennsylvania, United States).4

Prefabricated ZCs of zirconia-toughened alumina-type
Y-TZP emerged in 2008 for anterior and posterior primary
dentition. Besides their superior aesthetic properties and
low thermal conductivity, their mechanical properties are
comparable to metal crown properties such as high fracture
resistance.5

For primary molars, an adequate reduction is a determi-
nant factor of ZC’s passive fitting. Tooth reduction to receive
ZCs is more aggressive than that required for SSCs by
approximately 20 to 30%.6 The clinical performance of NuS-
mile ZCs versus SSCs was evaluated in a previous study
conducted on 120 primary molars of 26 children. The results
showed a 100% clinical success rate of ZCs during a follow-up
period of 12 months. Another two prospective studies com-
paring ZCs and SSCs over 24 and 36 months showed no
clinical signs of failure in terms of gingival status and
different parameters regarding crown integrity.7,8 The gin-
gival bleeding index scores of ZCs were lower than the
records reported for SSCs, indicating that teeth restored
with ZCs showed a better gingival status.9 Another study
compared the periodontal health and clinical success of 52
primary molars restored with ZCs in comparison with SSCs.
After a 12-month follow-up, two ZCswere dislodged and one
crownwas fractured while all SSCs were retained. Neverthe-
less, the ZCs’ periodontal health was better than that of
SSCs.10

With the emergence of adhesive restorations and their
ability to support the remaining tooth structure, more
conservative approaches have been considered to preserve
as much as possible of natural tooth structures. One of these
strategies for permanent teeth is the use of endocrowns
which were first described in 1999 by Bindl and Mörmann.
Endocrowns are monolithic adhesive ceramic restorations
with a special preparation design, including a butt joint
preparation at the cervical margin and pulp chamber prepa-
ration.11 Their retention is gained macro-mechanically by
friction with the pulpal walls, and micromechanically

through adhesive cementation.12 Commonly, glass-ceramic
endocrowns are made of lithium disilicate (LS2) which is
pressed or CAD/CAM milled. LS2 is responsible for the high
mechanical performance and excellent biocompatibility of
the glass-ceramic endocrown.13 Using glass-ceramic endo-
crowns for restoration of endodontically treated permanent
teeth has become a popular approach, and there are an
abundance of reviews discussing the application of ceramic
endocrowns in restoring permanent endodontically treated
teeth. In contrast, there were no previous clinical trials
concerned with restoring primary molars with ceramic
endocrowns. Despite the aesthetic properties of ZCs and
LS2 ceramic endocrowns, LS2 ceramic endocrowns’ aesthetic
and translucency are 30% more superior to ZCs.14 Ceramic
endocrowns give the opportunity of color matching, and
shade selection that is not available in ZCs. Endocrowns need
less circumferential tooth reduction than ZCs, but the occlu-
sal surface reduction is similar for both restorations. Finally,
the endocrown preparation ends supragingival that elimi-
nates any possible discomfort or gingival trauma during
tooth reduction. In contrast, the finishing line of ZC must
extend for 1 to 2mm subgingivally.

Clinical application of restoring pulpotomized primary
molars with ceramic endocrowns is a novel approach. The
present trial aimed to evaluate (1) the clinical performance,
assessment of dental plaque, and gingival status of LS2
endocrowns as a new restorative modality in pulpotomized
primary molars compared with prefabricated ZCs, and (2)
the parental satisfaction toward the two restorations at the
end of the 24-month follow-up. The primary outcomes of the
current study are whether the LS2 endocrowns’ gingival
health and clinical performance differ from those of prefab-
ricated ZCs over 24 months.

Materials and Methods

Ethical Considerations
The study was reviewed and approved by an institutional
review board (Record number #186/2016). Informed con-
sent was obtained from all children’s parents/guardians. The
trial was registered at ClinicalTrials.gov PRS (Protocol regis-
tration and Result System) with an ID of NCT04073901. The
study procedures involving human participants followed the
ethical standards of Helsinki Declaration in 1964 and its later
amendments or comparable ethical standards.

Sample Calculation, Design, and Setting
The studywas designed as a two-tailed split-mouth random-
ized controlled trial. The sample size for repeated-measures
of longitudinal studies was calculated using the following
software “General Linear Mixed Model Power and Sample
Size” (GLMMPSS) (glimmpse.samplesizeshop.org/).15 Speci-
fication of the mean value of the repeated measures (i.e., at
three follow-up occasions) and the standard deviation (SD)
calculated on the base of gingival index (GI) score results of a
pilot study included 13 children.16 The chosen power was 0.8
and at 0.05 level of significance. The required sample sizewas
80 teeth with adding more 8 teeth (10%) to compensate

European Journal of Dentistry Vol. 16 No. 3/2022 © 2022. The Author(s).

Endocrown Restoration of Primary Molars Khattab et al.628



unexpected withdrawal. The final number of recruited chil-
dren was 44 children (88 bilateral second primary molars).

Admission Specifications
Children’s admission in the present study based on eligibility
criteria addressed in a former study.9

Inclusion Specifications

• Apparently healthy children (i.e., class I and II relying on
American Society of Anesthesiologists’ classification).

• Participant’s age ranging from 4 to 6 years old.
• Cooperative child.
• Presence of bilateral deep carious lesion on

mandibular second primary molar requiring pulpal ther-
apy with at least two-thirds of root length was sound on a
periapical radiograph.

Exclusion Specifications

• Presence of parafunctional habits.
• Intellectual behavior and/or severe emotional difficulties.
• Parents/legal guardians refused to take part in the trial.

• Tooth with preshedding and abnormal pathologic
mobility.

• Nonrestorable tooth.
• Teeth with nonvital pulp.

Randomization, Allocation, and Masking
The study was conducted in accordancewith the Consolidat-
ed Standards of Reporting Trials (CONSORT) statement
(►Fig. 1). An independent coordinator was responsible for
generating a randomization sequence and keeping the se-
quence hidden. Children were numbered in consecutive
ascending order. The two restorations were randomly
assigned either to the right or the left side masked to the
chief operator. An opaque hermetically sealed envelope
containing a printed letter including patient’s ID, code,
name, time, date, tooth number, and restoration type was
used. The envelope was not opened by the operator until the
first visit.17 It is always decided to beginwith the endocrown
procedures in the first visit because it is a two-appointment
procedure, while the ZC takes one-appointment only. As
operator and patient blinding cannot be achieved, the treat-
ment nature was masked for the statistician to avert

Fig. 1 Flow chart of the trial enrollment, randomization, allocation, and analysis throughout the follow-up period according to CONSORT
guidelines.
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detection bias. In addition, two independent experts with at
least 10 years of experience in pediatric dentistry and 7 years
of ZC placement were invited to assess the outcomes in two
different occasions (1-week interval) to check the intra- and
inter-observer reliability. According to the restoration type,
the mandibular primary molars were assigned into two
balanced groups. Group 1 (control group): teeth restored
with prefabricated primary ZCs (NuSmile Ltd., Houston,
Texas, United States). Group 2 (intervention group): the
primary molars restored with laboratory-processed endo-
crown (IPS, e.max Press, Ivoclar Vivadent, Liechtenstein,
Schaan, Germany).

Clinical Steps
For each child, two visits were required. In the first visit,
pulpotomy and endocrown preparation and impression pro-
cedures were performed for the randomly selected primary
molar. After 1-week interval, pulpotomyand ZC placement of
the contralateral primary molar and endocrown try-in and
cementation were performed in the second visit. This was to
ensure a parallel starting point for the follow-up period of
both restorations.

Intervention Group

Pulpotomy Procedures
The tooth was anaesthetized using articaine hydrochloric 4%
with epinephrine 1:100,000 (Septocaine 1.7mL, SEPTO-
DONT Ltd., Canada). Then, it was isolated using a rubber
dam after caries removal and a non-end cutting bur # 558
was used to complete the removal of the pulp chamber roof
under copious water coolant spray. Coronal pulp tissue
remnants were removed with a sharp, sterile excavator. A
piece of cotton soaked with formocresol (Sultan, United
States) was inserted into the pulp chamber for 5minutes.

After removing the formocresol pellet, a thick mix of
polymer reinforced zinc-oxide/eugenol (ZOE; Zinconol, Prev-
est DenPro, India) pastewas packed into the pulp chamber to
seal the orifices. For the endocrown, a layer of self-cured
glass ionomer cement (GIC; Riva Self Cure, Australia) of 1mm
thickness was applied over the ZOE leaving a minimum of
3mm of the pulp chamber to provide an adequate thickness
for the endocrown core. The GIC was applied over the
capping ZOE to isolate it from the successive resin-based
restorations and adhesives.

Endocrown Tooth Preparation
Occlusal clearance was achieved by making depth cuts of
1.5mm using a round-end tapered stone (TR-13, DIA-Burs
Mani, Inc., Japan). A wheel stone (WR-13, DIA-Burs Mani,
Inc., Japan) completed the occlusal reduction and prepared a
cervical sidewalk or “butt joint” finish line. Axial preparation
was done to eliminate proximalwall undercut. Tapered stone
of 8-degree angle (TR-12 DIA-Burs Mani, Inc., Japan) flared
the pulp chamber walls to a standard degree of divergence.
Smoothening and rounding the internal angles of the mar-
gins began with the use of the same diamond tip and ended
with a polishing of the internal angles with an abrasive
rubber tip giving a polished and smoothed preparation.

Shade Selection, Impression, and Temporization
Based on a shade guide (Vita, Classic, Germany), the suitable
ceramic shadewas selected. A putty and light body addition-
al silicon impression was taken for the prepared pulp cham-
ber and occlusal butt joint finish line. An alginate impression
was taken for the opposing arch, then a squash bitewith pink
wax was sent to the laboratory. An interim prosthesis with
self-curing resin (Protemp3M, United States) temporized the
prepared tooth andwas cementedwith eugenol-free tempo-
rary cement (Ora temp, United States).

Laboratory Procedures
A 5-axis milling machine (VHF CAM 5-S1) for indirect
fabrication of the wax pattern scanned the impression. All
CAD wax patterns were sprued and invested in an invest-
ment material powder (IPS Press VEST, Liechtenstein) that
was mixed with its special liquid under vacuum according to
the recommended manufacturer’s proportions, then poured
around the wax patterns inside the investment ring. The
investment was left to set for 1 hour before wax elimination.
The wax burn-out technique was used for wax elimination
with pressing of IPS e.max Press ingot (Ivoclar-Vivadent AG,
Liechtenstein) in a pressable furnace (Programat EP 3010,
Liechtenstein). Finally, IPS e.max Press endocrowns were
consecutively finished using a low-speed fine-grained dia-
mond and were checked for occlusion, then were glazed
using IPS e.max ceram (►Fig. 2).

Try-In, Bonding, and Occlusion Re-check
At the second visit, the endocrownwas placed into the tooth
and occlusion was initially checked. Then the tooth was

Fig. 2 (A) Exocad showing endocrown preparation of pulpotomized primary molar; (B) intaglio surface of lithium disilicate (LS2) endocrown
(crown and core act as a single unit).
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treated according to the following steps: (1) proper tooth
isolation using a rubber dam after intrapapillary injection
with a local anesthetic agent, (2) selective etching using 37%
phosphoric acid for 20 seconds, (3) thorough rinsing and air
drying, and (4) application of separate coats of self-etch
adhesive (universal bond) (RelyX Unicem; 3M, St. Paul,
Minnesota), then dried with oil-free air for 3 seconds and
light-cured for 20 seconds. A micro brush with 4% hydro-
fluoric acid gel (Bisco, Inc., United States) was applied to the
endocrown for 20 seconds then rinsed for 60 seconds and
dried for 30 seconds with moisture-free air. Following the
manufacturer’s instructions, a dual-cured, self-adhesive res-
in cement (TOTALCEM, Itena, France) was applied to the
endocrown internal surface and the prepared tooth walls.
The restorationwas gently set in place using digital pressure,
then initially cured with LED light cure (1,200 mW/cm2)
(Elipar, 3M ESPE, Canada) for 3 seconds. Excess cement
removed with a scaler and super floss and final curing was
continued for another 40 seconds. Occlusion was re-checked
for premature spots with an articulating paper. Any further
occlusal adjustments were performed using a medium-grit
egg-shaped ZR379FG-14 diamond bur. Finally, the endo-
crown was polished with a light-gray flame and cup-shaped
ZR Flash Polishers (94020C RA.040 Komet Dental, United
States).18

Control Group
At the second visit, anesthesia, isolation, and pulpotomy
procedureswere identical to thefirst visit. The pulp chamber
was completely filled with GIC (Riva Self Cure, Australia) to
the top. (1) A suitable crown size was identified using a
NuSmile (Houston, Texas, United States) Try-In Crowns, (2)
the toothwas preparedwith 1.5mmocclusal clearance using
TR-13 and WR-13 diamond burs, (3) supragingival circum-
ferential tooth preparationwas performed by approximately
20 to 30% to guarantee reduction evenness, then preparation
was extended subgingivally (1.5mm) into a smooth feather-
edged cervical margin to ensure a passive crown fit, (4) Try-
In Crowns (pink crowns) were used to accurately determine
passive fit without applying significant pressure during
seating and for checking occlusion to avoid saliva or blood
contamination of the NuSmile ZCs internal surface, and (5)
finally, the ZC was cemented with self-adhesive dual cure
resin cement similar to the endocrown.

Clinical Performance Assessment
For proper examination, sufficient overhead lighting, a
mouth mirror, and a sickle probe (No. 23) were used. The
clinical performance in terms of marginal adaptation, mar-
ginal discoloration, and marginal integrity of the restoration
were scored using a United States Public Health Service
(USPHS) criterion. The USPHS scoring system was described
on the basis of previous literature.8,19Alpha and Bravo scores
were considered a success, while Charliewas a failure. Dental
plaque accumulation and gingival condition were assessed
using plaque index (PI) and GI.20 To assess the gingival health
status, four areas (distal-facial papilla, facial margin, mesial-
facial papilla, and the entire lingual margin) around the

restored tooth were examined. The involved tooth was first
examined for dental plaque accumulation using the naked
eye and a diagnostic dental probe. Clinical performance and
oral status were assessed at follow-up periods of 6 (T1), 12
(T2), and 24 (T3) months. At the end of the follow-up (T3),
parent’s satisfaction analysis toward the color, shape, and
size of both restorations was adopted from previous litera-
ture.21,22 In absence of the chief investigator, an independent
pediatric dentist with an experience of at least 5 years was
responsible for reporting the parent’s answers to the anony-
mous questionnaire aimed to directly evaluate their satisfac-
tion toward their children’s restorations. Parents’ responses
were rated on a 5-point Likert-type scale ranging from score
“1” which indicated that they were strongly dissatisfied, up
to score “5”which equaled “strongly satisfied.” The details of
different study outcomes are illustrated in ►Appendix A1

(►Appendix Tables A1–A4, available in the online version
only).

Statistical Data Processing
Data processing was implemented using Statistical Package
for the Social Sciences (SPSS) version 20. GI and PI scores
were first tested for normality using Kolmogorov–Smirnov
and Shapiro–Wilk tests. Paired-sample t-test was used to
compare the mean values of normally distributed GI and PI
scores. Success or failure of both restorations in terms of
gingival and plaque status was interpreted through dichoto-
mizing the GI and PI scores as follows: no/mild plaque or
gingivitis was categorized “success,” while moderate/sever
plaque accumulation or gingivitis were categorized “failure.”
Additionally, the USPHS scores (Alpha, Bravo, and Charlie)
were expressed as frequencies, then dichotomized into
binary outcome USPHS criteria (Alpha/Bravo was “success,”
while Charlie was “failure”). Pair matched binary outcomes
were tested using McNemar’s test. Regarding parental satis-
faction, responses were classified into five categories (very
unsatisfied scored “1,” unsatisfied “2,” neutral “3,” satisfied
“4,” and very satisfied “5”). Paired data scores of parents’
responses for the two restorations were tested for signifi-
cance using Friedman test. The level of significance for all
statistical tests (α level of significance) was set to 5% at 95%
confidence interval (CI).

Results

Children’s recruitment was started on January 2017 and
completed on October 2020. Out of 92 children examined
for eligibility, 44 were selected for participation in the trial
(21 girls [47.7%] and 23 boys [52.3%]). Their average age� SD
was 5.17�0.68 years. The intra-and inter-observer reliabili-
ty of both assessors was high (96 and 92%, respectively).

Marginal discoloration and integrity were identical for
both restorations throughout the follow-up period. At
6 months, all restorations in the control and intervention
groups were ranked as “Alpha.” Regarding marginal adapta-
tion, 100% of restorations showedmarginal continuity of ZCs
and endocrowns at 6 months when assessed by an explorer.
At 12 and 24months, marginal adaption of both restorations
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displayed no evidence of a crevice along the restoration
margin. Generally, the clinical success rate after 24 months
of follow-up period of the two restorations was comparable
(►Table 1).

Throughout the follow-up period, gingival and plaque
health showed no statistically significant difference between
average PI and GI scores of ZC and endocrown groups
(p > 0.05) (►Table 2).

The average score of dental plaque accumulation on the
ZCs was nearly similar at the follow-ups and less than that
recorded with endocrown restorations. PI average scores for
ZCs at the T1, T2, and T3 were 0.07�0.20, 0.10�0.37, and
0.11�0.33, respectively. For endocrown restorations, the
average PI scores at T1, T2, and T3 were 0.09�0.33,
0.16�0.43, and 0.17�0.48, respectively. The total PI average
scores of ZC and endocrownwere 0.29�0.93 and 0.40�1.06,
respectively (p¼0.59) (mean difference 0.12, 95% CI: �0.31,
0.54). Gingival health at the follow-ups of both restorations

was nearly similar with comparable mean scores (mean�
SD: T1 [ZC: 0.07�0.20, and endocrown: 0.07�0.33]; T2 [ZC:
0.20�0.11, and endocrown: 0.04�0 0.20]; T3 [ZC:
0.02�0.14, and endocrown: 0.03�0.18]). The overall
mean GI score of ZC was 0.11�0.53 and 0.1 4�0.71
(p¼0.82) (mean difference 0.03, 95% CI: �0.24, 0.30). At
12 and 24 months, mild gingivitis was observed in three
teeth restored with the endocrowns (6.8%) and two teeth
restored with ZCs (4.5%) (►Table 3 and ►Fig. 3).

The overall parental acceptance of both types of restora-
tions was statistically insignificant (p¼0.07). The parents
were more satisfied with the endocrown color over the ZC
(p<0.05) (►Table 4).

Discussion

Aesthetically restoring pulpotomized primary molars con-
tinues to be a challenging aspect in pediatric dentistry.

Table 1 Frequency of clinical performance of the endocrown and zirconia crown groups at different follow-up periods

Variables At 6 mo pa At 12 mo pa At 24 mo pa

Endocrown ZC Endocrown ZC Endocrown ZC

N (%) N (%) N (%) N (%) N (%) N (%)

Marginal adaptation
Alpha
Bravo
Charlie

44 (100)
0 (0)
0 (0)

44 (100)
0 (0)
0 (0)

1 43 (97.7)
1 (2.3)
0 (0)

42 (95.5)
2 (4.5)
0 (0)

0.56 42 (95.5)
2 (2.5)
0 (0)

40 (90.9)
4 (9.1)
0 (0)

0.68

Marginal discoloration
Alpha
Bravo
Charlie

44 (100)
0 (0)
0 (0)

44 (100)
0 (0)
0 (0)

1 44 (100)
0 (0)
0 (0)

44 (100)
0 (0)
0 (0)

1 44(100)
0(0)
0(0)

44 (100)
0 (0)
0 (0)

1

Marginal integrity
Alpha
Bravo
Charlie

44 (100)
0 (0)
0 (0)

44 (100)
0 (0)
0 (0)

1 44 (100)
0 (0)
0 (0)

44 (100)
0 (0)
0 (0)

1 44 (100)
0 (0)
0 (0)

44 (100)
0 (0)
0 (0)

1

Abbreviation: ZC, zirconia crown.
aMcNemar’s test, level of significance (α) was set to 5% (p < 0.05 for two-tailed test).

Table 2 Frequency of gingival health in terms of PI and GI of the endocrown and zirconia crown groups at different follow-up
periods

Variables At 6 mo pa At 12 mo pa At 24 mo pa

Endocrown ZC Endocrown ZC Endocrown ZC

N (%) N (%) N (%) N (%) N (%) N (%)

Plaque index
Excellent
Good
Fair
Poor

38 (86.4)
6 (13.6)
0 (0)
0 (0)

41 (93.3)
3 (6.8)
0 (0)
0 (0)

0.48 39 (88.6)
4 (9.1)
1 (2.3)
0 (0)

41 (93.3)
3 (6.8)
0 (0)
0 (0)

0.71 39 (88.6)
5 (11.4)
0 (0)
0 (0)

39 (88.6)
5 (11.4)
0 (0)
0 (0)

1

Gingival index
Normal
Mild gingivitis
Moderate gingivitis
Sever gingivitis

43 (97.7)
1 (2.3)
0 (0)
0 (0)

43(97.7)
1(2.3)
0(0)
0 (0)

1 41 (93.2)
3 (6.8)
0 (0)
0 (0)

42 (95.5)
2 (4.5)
0 (0)
0 (0)

1 41 (93.2)
3 (6.8)
0 (0)
0 (0)

42 (95.5)
2 (4.5)
0 (0)
0 (0)

1

Abbreviations: GI, gingival index; PI, plaque index; ZC, zirconia crown.
aMcNemar’s test, level of significance (α) was set to 5% (p < 0.05 for two-tailed test).
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Preserving the tooth structure while ensuring the high
quality of aesthetic standards is an imperative need, espe-
cially with the exceptional progress in adhesive dentistry.
The current trial was performed to compare the clinical
performance of glass-ceramic endocrowns as a new restora-
tion of pulpotomized primary molars compared with pre-
fabricated ZCs. Compared with ZCs, ceramic endocrowns
need less circumferential tooth reduction, may be more
aesthetic, have superior morphological and anatomical
properties, and attain retention through macro- and micro-
mechanical means.6,23

For standardization, the current study accredited the
split-mouth technique using the two contralateral mandib-

ular primary molars. Such a design guarantees several mer-
its. For instance, (1) expose both restorations to similar oral
circumstances and allow comparable periodontal health
with different treatment modalities,24 and (2) from the
ethical point of view, no child was denied the benefits of
either type of restorations.

Among glass-ceramic restorations, LS2 ceramic (IPS e.max
Press/Ivoclar Vivadent) is considered the material of choice
in the current study because of its superior mechanical
properties (fracture toughness of 2–3 MPa and flexural
strength of 360–440 MPa). Moreover, its content of LS2
provides a bond strength with the cavity walls. For these

Fig. 3 Clinical performance photographs of the endocrown and zirconia crown at 6, 12, and 24 months of the follow-up period for a 5-year-old
girl.
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advantages, this material is considered the gold standard
among all glass-ceramic restorations.25

Clinical performance was assessed using a modified
USPHS criterion because of its wide use and it is a well-
accepted method for clinical evaluation.11,26 Gingival and
plaque status was assessed using GI and PI indices. These
indices have proven to be accurate and reproducible tools in
clinical research.27 Our findings showed very good gingival
health among the ZC group at the follow-ups and excellent
parental acceptance. Thiswas in agreementwith thefindings
of Walia et al, who reported a 100% clinical success rate of
ZCs.2

Until now, there are no literatures that discussed the LS2
endocrown restoration success rate in primary molar teeth.
Up till now, all data are concerned with permanent teeth.
However, the high clinical success rate of LS2 endocrowns in
permanent dentition has been approved by a former study.28

This high success rate was in line with the results of the
present study.

Concerning the effect on gingival health, most of the
restorations in the two groups showed no visible dental
plaque accumulation after 24 months and only five cases
in each group showed a minimal plaque accumulation
interpreting as a good oral hygiene. Furthermore, the gingiva

Table 4 Frequency of parent’s satisfaction scores of endocrown and zirconia crown groups at 24-month follow-up

Parental
satisfaction
items

Endocrown ZC pa

Very
dissatisfied

Dissatisfied Neutral Satisfied Very
satisfied

Very
dissatisfied

Dissatisfied Neutral Satisfied Very
satisfied

Color 0 (0) 0 (0) 1 (2.3) 2 (4.5) 41 (93.2) 0 (0) 0 (0) 2 (4.5) 6 (13.6) 36 (81.8) 0.05a

Shape 0 (0) 0 (0) 1 (2.3) 1 (2.3) 42 (95.5) 0 (0) 0 (0) 2 (4.5) 1 (2.3) 41 (93.2) 0.36

Size 0 (0) 0 (0) 1 (2.3) 1 (2.3) 42 (95.5) 0 (0) 0 (0) 2 (4.5) 1 (2.3) 41 (93.2) 0.84

Overall
satisfaction

0 (0) 0 (0) 1 (2.3) 2 (4.5) 41 (93.2) 0 (0) 0 (0) 4 (9.1) 3 (6.8) 37 (84.1) 0.07

aFriedman test, level of significance (α) was set to 5% (p < 0.05 for two-tailed test).

Table 3 Mean and standard deviation of gingival health in terms of PI and GI of the endocrown and zirconia crown groups at
different follow-ups

Mean (SD) Mean difference SE 95% CI pa

PI scores

At 6 mo

Endocrown 0.09 (0.33) 0.02 0.06 �0.13; 0.10 0.73

ZC 0.07 (0.20)

At 12 mo

Endocrown 0.16 (0.43) 0.06 0.09 �0.23; 0.11 0.48

ZC 0.10 (0.37)

At 24 mo

Endocrown 0.17 (0.48) 0.06 0.09 �0.23; 0.11 0.50

ZC 0.11 (0.33)

GI scores

At 6 mo

Endocrown 0.20 (0.33) 0.11 0.06 �0.01; 0.23 0.07

ZC 0.09 (0.21)

At 12 mo

Endocrown 0.20 (0.24) 0.09 0.06 �0.02; 0.20 0.11

ZC 0.11 (0.28)

At 24 mo

Endocrown 0.14 (0.18) 0.06 0.04 �0.01; 0.13 0.08

ZC 0.08 (0.13)

Abbreviations: CI, confidence interval; GI, gingival index; PI, plaque index; SD, standard deviation; SE, standard error; ZC, zirconia crown.
aPaired sample t-test, level of significance (α) was set to 5% (p < 0.05 for two-tailed test).
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was healthy around both restorations at the follow-ups. Only
one case showed signs of mild gingivitis in both restorations.
For the control group, these results could be attributed to the
remarkable biocompatibility and smooth polished exterior
of ZCs that resulted in a lower tendency of plaque build-up
and subsequent gingival irritation. Earlier publications on
fixed partial dentures in the permanent dentition found
similar outcomes of decreased plaque build-up.29

Regarding gingival condition in the endocrown group,
one advantage of these restorations is their supragingival
preparation which avoids gingival trauma during tooth
preparation. Moreover, LS2 exhibits high levels of biocom-
patibility due to low plaque retention. The high biocom-
patibility of LS2 has been proved in a previous ex vivo
study.30

Parents were more satisfiedwith the color of endocrowns
than ZCs and this response difference was statistically sig-
nificant. This might be related to the use of split-mouth
design which allowed an instant and direct comparison
between the two restorations, and the parental opinions
were in favor to the LS2 endocrowns. This finding might be
due to the availability of choosing the shade of the endo-
crown restoration,while ZCs are available in two shades only.
Therefore, one would hope your shade selection leads to a
greater color satisfaction. Another point is the natural look of
the LS2 endocrownwith its high aesthetic features, especial-
ly their translucency, which is approximately 30% higher
than the conventional zirconia.12 In addition, endocrowns
fabricated with the pressed LS2 show superior anatomic
contour and surface textures.31 Regarding parental satisfac-
tion with ZCs, the current study findings were in agreement
with the results of Salami et al.32

One of the positive points of using endocrowns is the
conservative circumferential tooth reduction thatminimizes
the variability of tooth reduction amount among operators.
The estimated total cost (i.e., crownprice, temporization, and
bonding/cementation price) of the two restorations was
comparable. The price of NuSmile ZC was approximately
$31.4 U.S. dollars, and the price of resin cement for bonding
was $7.9 (the total pricewas $39.3). However, the endocrown
laboratory work expenses were $35.7, temporization
expense was $3.9, and its bonding price was about $7.9
(the total price was $47.5). However, some disadvantages
of glass-ceramic endocrowns in comparison to ZCs were
addressed, such as (1) the need for an extra appointment
and additional time, (2) exposed cervical margins may be at
risk of caries especially in children with high-risk caries, (3)
additional procedures such as impression, temporization,
and laboratory work, and (4) finally, the cementation pro-
cedures of the endocrown restoration are more complicated
than those for the ZCs.

Study Strength and Limitations
This study was a leading trial in the use of endocrowns for
restoration of pulpotomized primary molars with an ade-
quate sample size and relatively long follow-up period.
Moreover, the study design adopted rigorous measures to
ensure high quality of standardization. The trial findings

provided an additional aesthetic solution for the
parents/children to satisfy the growing need of aesthetic
restoration of primary molars. However, there is need for
more longitudinal randomized controlled trials with longer
follow-up periods.

Conclusions

Within the limitations of the current study, it can be con-
cluded that (1) clinical evaluation of endocrowns in terms of
marginal adaptation, marginal discoloration, restoration in-
tegrity, and gingival health was very good and comparable to
the results of ZCs, and (2) endocrowns meet the aesthetic
demands in the mind of parents, especially their color.
However, there was no statistically significant difference
between the overall parental satisfaction of both restora-
tions, and LS2 endocrowns hold potential; however, they
have some clinical limitations to placement.

Authors’ Contributions
Y.M.F.E.M. was responsible for study conception and de-
sign, data acquisition, manuscript drafting, manuscript
critical revising, gave final approval, and agrees to be
accountable for all aspects of the work ensuring integrity
and accuracy; N.M.A.K was responsible for study concep-
tion and design, data acquisition, manuscript drafting,
manuscript critical revising, gave final approval, and
agrees to be accountable for all aspects of the work
ensuring integrity and accuracy; and A.A.H.E. was respon-
sible for study conception and design, data analysis and
interpretation, manuscript drafting, manuscript critical
revising, gave final approval, and agrees to be accountable
for all aspects of thework ensuring integrity and accuracy.

Ethical Approval
The study was reviewed and approved by an institutional
review board (record number #186/2016). The trial reg-
istered at ClinicalTrials.gov PRS (Protocol registration and
Result System) with an ID of NCT04073901.

Funding
None.

Conflict of Interest
None declared.

References
1 Holan G, Fuks AB, Ketlz N. Success rate of formocresol pulpotomy

in primary molars restored with stainless steel crown vs amalga.
Pediatr Dent 2002;24(03):212–216

2 Walia T, Salami AA, Bashiri R, Hamoodi OM, Rashid F. A random-
ised controlled trial of three aesthetic full-coronal restorations in
primary maxillary teeth. Eur J Paediatr Dent 2014;15(02):
113–118

3 Seale NS. The use of stainless steel crowns. Pediatr Dent 2002;24
(05):501–505

4 Lopez Cazaux S, Hyon I, Prud’homme T, DajeanTrutaud S. Twenty-
nine-month follow-up of a paediatric zirconia dental crown. BMJ
Case Rep 2017;2017:bcr-2017-219891

European Journal of Dentistry Vol. 16 No. 3/2022 © 2022. The Author(s).

Endocrown Restoration of Primary Molars Khattab et al. 635



5 Ram D, Fuks AB, Eidelman E. Long-term clinical performance of
esthetic primary molar crowns. Pediatr Dent 2003;25(06):
582–584

6 ClarkL,WellsMH,HarrisEF, Lou J.Comparisonofamountofprimary
tooth reduction required for anterior and posterior zirconia and
stainless steel crowns. Pediatr Dent 2016;38(01):42–46

7 Donly KJ, Méndez MJC, Contreras CI, Liu JA. Prospective random-
ized clinical trial of primarymolar crowns: 36-month results. Am
J Dent 2020;33(03):165–168

8 Donly KJ, Sasa I, Contreras CI, Mendez MJC. Prospective random-
ized clinical trial of primary molar crowns: 24-month results.
Pediatr Dent 2018;40(04):253–258

9 Abdulhadi B, Abdullah M, Alaki S, Alamoudi N, Attar M. Clinical
evaluation between zirconia crowns and stainless steel crowns in
primary molars teeth. J Paediatr Dent 2017;5(01):21–21

10 Taran PK, KayaMS. A comparison of periodontal health in primary
molars restored with prefabricated stainless steel and zirconia
crowns. Pediatr Dent 2018;40(05):334–339

11 Sun J, Ruan W, He J, et al. Clinical efficacy of different marginal
forms of endocrowns: study protocol for a randomized controlled
trial. Trials 2019;20(01):454

12 Bindl A, Mörmann WH. Clinical evaluation of adhesively placed
Cerec endo-crowns after 2 years–preliminary results. J Adhes
Dent 1999;1(03):255–265

13 Zarone F, Di Mauro MI, Ausiello P, Ruggiero G, Sorrentino R.
Current status on lithium disilicate and zirconia: a narrative
review. BMC Oral Health 2019;19(01):134

14 Baldissara P, Llukacej A, Ciocca L, Valandro FL, Scotti R. Translu-
cency of zirconia copings made with different CAD/CAM systems.
J Prosthet Dent 2010;104(01):6–12

15 Guo Y, Pandis N. Sample-size calculation for repeated-measures
and longitudinal studies. Am J Orthod Dentofacial Orthop 2015;
147(01):146–149

16 Guo Y, Logan HL, Glueck DH,Muller KE. Selecting a sample size for
studies with repeated measures. BMC Med Res Methodol 2013;
13:100

17 Elheeny AAH. Articaine efficacy and safety in young children
below the age of four years: an equivalent parallel randomized
control trial. Int J Paediatr Dent 2020;30(05):547–555

18 Edelhoff D, Ahlers MO. Occlusal onlays as a modern treatment
concept for the reconstruction of severely worn occlusal surfaces.
Quintessence Int 2018;49(07):521–533

19 Santos MJ, Mondelli RF, Navarro MF, Francischone CE, Rubo JH,
Santos GC Jr. Clinical evaluation of ceramic inlays and onlays

fabricated with two systems: five-year follow-up. Oper Dent
2013;38(01):3–11

20 Elheeny AAH. Oral health status and impact on the oral health-
related quality of life of Egyptian children and early adolescents
with type-1 diabetes: a case-control study. Clin Oral Investig
2020;24(11):4033–4042

21 Holsinger DM,Wells MH, ScarbeczM, DonaldsonMClinical Evalua-
tion and Parental Satisfaction with Pediatric Zirconia Anterior
Crowns. Clinical evaluation and parental satisfactionwith pediatric
zirconia anterior crowns. Pediatr Dent 2016;38(03):192–197

22 Kupietzky A, Waggoner WF. Parental satisfaction with bonded
resin composite strip crowns for primary incisors. Pediatr Dent
2004;26(04):337–340

23 Choi JW, Bae IH, Noh TH, et al. Wear of primary teeth caused by
opposed all-ceramic or stainless steel crowns. J Adv Prosthodont
2016;8(01):43–52

24 Smaïl-Faugeron V, Fron-Chabouis H, Courson F, Durieux P. Com-
parison of intervention effects in split-mouth and parallel-arm
randomized controlled trials: ameta-epidemiological study. BMC
Med Res Methodol 2014;14:64

25 Biacchi GR, Mello B, Basting RT. The endocrown: an alternative
approach for restoring extensively damaged molars. J Esthet
Restor Dent 2013;25(06):383–390

26 Tzimas K, Tsiafitsa M, Gerasimou P, Tsitrou E. Endocrown restora-
tions for extensively damaged posterior teeth: clinical perfor-
mance of three cases. Restor Dent Endod 2018;43(04):e38

27 Peter S. Essentials of Preventive and Community Dentistry. New
Delhi: Arya Publishing House: 2004

28 Fasbinder DJ, Dennison JB, Heys D, Neiva G. A clinical evaluation of
chairside lithium disilicate CAD/CAM crowns: a two-year report. J
Am Dent Assoc 2010;141(Suppl 2):10S–14S

29 Schmitt J, Holst S, Wichmann M, Reich S, Gollner M, Hamel J.
Zirconia posterior fixed partial dentures: a prospective clinical
3-year follow-up. Int J Prosthodont 2009;22(06):597–603

30 Forster A, Ungvári K, Györgyey Á, Kukovecz Á, Turzó K, Nagy K.
Human epithelial tissue culture study on restorative materials. J
Dent 2014;42(01):7–14

31 Tezulas E, Yildiz C, Kucuk C, Kahramanoglu E. Current status of
zirconia-based all-ceramic restorations fabricated by the digital
veneering technique: a comprehensive review. Int J Comput Dent
2019;22(03):217–230

32 Salami A, Walia T, Bashiri R. Comparison of parental satisfaction
with three tooth-colored full-coronal restorations in primary
maxillary incisors. J Clin Pediatr Dent 2015;39(05):423–428

European Journal of Dentistry Vol. 16 No. 3/2022 © 2022. The Author(s).

Endocrown Restoration of Primary Molars Khattab et al.636


