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Abstract. – OBJECTIVE: The purpose of this 
in vitro study was to evaluate the influence of 
two adhesive techniques on the retentive force 
of four all ceramic endocrowns.

MATERIALS AND METHODS: Forty maxil-
lary first molars of approximately similar size 
and shape were collected. The teeth were all 
decoronated 2 mm above the level of proxi-
mal cement-enamel junction (CEJ) and were 
all endodontically treated. The teeth were then 
randomly divided equally into four groups (10 
each) according to all ceramic material used, 
as follows: Group I (VE) – Ten prepared molars 
were restored with hybrid ceramic (Vita Enam-
ic); Group II (LU) – Ten prepared molars were re-
stored with resin Nano-ceramic (Lava Ultimate). 
Group III (CD) – Ten prepared molars were re-
stored with zirconia-reinforced lithium di-sili-
cate ceramic material (Celtra Duo); Group IV (LZ) 
– Ten prepared molars were restored with zir-
conia ceramic (Lava Zirconia). Each group was 
then subdivided into two equal subgroups (n=5) 
according to the type of cement (adhesive tech-
nique) used for cementation. Subgroup A (RX 

ARC): the endocrowns were cemented with a 
total-etch adhesive resin cement (RelyX ARC). 
Subgroup B (RXU): the endocrowns were ce-
mented with self-adhesive resin luting cement 
(RelyX UniCem). The restorations were designed 
with an outer cylindrical handle located on buc-
cal and palatal surfaces to provide a mean for 
the removal of the endocrowns during the pull-
out testing. The cemented endocrowns were 
thermocycled and then removed along the path 
of insertion using a universal testing machine at 
0.5 mm/min. The retentive force was recorded, 
and the stress of dislodgement was calculated 
using the surface area of each preparation.

RESULTS: The highest mean dislodgement 
stresses were 64.3 MPa for Group I (VE), 
whereas there was no statistically significant 
difference between Group I, II and III and LZ 
showed the lowest values with significant dif-
ference between the other three groups. Re-
garding the type of cement, there was a sta-
tistically significant difference between Re-
lyX ARC (mean=60.09 MPa) and RelyX Unicem 
(mean=49.73 MPa).
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CONCLUSIONS: Retention of Vita Enamic, 
Lava Ultimate, and Celtra Duo are significantly 
higher than Lava Zirconia.
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Introduction

The treatment of harshly damaged and end-
odontically treated teeth is continually a chal-
lenge in reconstructive dentistry1,2. Endodon-
tically treated teeth struggle with many draw-
backs such as reduced fracture resistance when 
compared to vital ones3. This is mainly due to 
loss of structural integrity associated with car-
ies, trauma, and extensive cavity preparation, 
rather than dehydration or physical changes in 
the dentin4-6. Therefore, the longevity of an end-
odontic treatment depends on the selection of 
an appropriate restoration, which is concerned 
with preserving the tooth structure, as well as 
the selection of appropriate restorative mate-
rials7. Many different treatment options have 
been developed for restoring non-vital teeth, 
including post-core systems and conventional 
crowns which is the preferred technique of most 
dentists and have been reported8,9 to exhibit 
a higher success rate compared with directly 
placed restorations. Endo-crown is a treatment 
option that denotes a restoration that unites the 
crown and core in a single unit. Endo-crown 
gets its retention through the macro-retention 
from the pulp chamber and the micro-retention 
through bonding. Teeth with insufficient cor-
onal tooth structure and limited interocclusal 
distance that are not indicated for conventional 
extra-coronal crowns could be rebuilt with the 
endo-crown restorations10,11. The selection of the 
materials used for endocrown fabrication has a 
great impact on the success and longevity of the 
restorations. A new resin nano-ceramic, recently 
introduced by 3M ESPE, called Lava Ultimate 
CAD/CAM restorative, has a unique chemi-
cal composition combining the advantages of 
highly cross-linked, heat-cured composite com-
bined with nanoceramic technology for strength 
and polish retention. This truly hybrid material 
has several proposed advantages such as ease 
of use, tooth-like properties, durability, and 
aesthetics12. Minimally invasive preparations to 

preserve a maximum amount of tooth structure 
are considered the gold standard for restoring 
teeth. Endo-crowns strictly follow this rationale 
owing to a decay-oriented design concept. This 
type of preparation consists of a circular butt-
joint margin and a central retention cavity inside 
the pulp chamber, constructing both the crown 
and core as a single unit. The endocrown tech-
nique utilizes the available surface in the pulp 
chamber to obtain stability and retention of the 
restoration through adhesive bonding. Comput-
er-aided design/computer-aided manufacturing 
(CAD/CAM) systems provide the possibility of 
chair-side design and automatic production of 
these single-unit ceramic restorations. Adhesive 
cementation increases the strength and the re-
sistance of ceramics to fracture13,14. Resin-based 
types of cement are widely used for luting inlays, 
onlays, endo-crowns, crowns, and veneers be-
cause they adhere to metal and ceramics. How-
ever, teeth and restorations require surface treat-
ments, such as etching and bonding, when con-
ventional resin-based cement is used15,16 making 
the luting operation technique sensitive. Thus, 
if the surface treatment is insufficient, the bond 
strength will be impaired. Self-adhesive cement 
does not require any surface treatment of the 
teeth or restorations, so they are easier to handle 
and have clinically effective bond strength. It 
is reported15,17-20 that self-adhesive resin cement 
provides the equivalent bond strength of con-
ventional resin cement to dentin17,18, gold alloy, 
glass ceramics15, and zirconia19,20. The adhesive 
properties of a luting agent to ceramics can 
be assessed using several laboratory tests. The 
most common laboratory tests are bond strength 
tests, such as shear, tensile, microtensile, or 
push-out tests. The advantages of bond strength 
tests, if designed properly, are the reproducibil-
ity of results within same test lab and the ease 
of conducting the test. The main criticism is that 
the bond strength test does not reflect the clin-
ical situation. Therefore, laboratories developed 
crown pull-off tests where crowns were used to 
extract human teeth to simulate the clinical pro-
cedure3. This testing procedure is complex and 
technique sensitive but provides information on 
the retentive performance of a material21. Thus, 
this in vitro study aimed to evaluate the reten-
tion of endocrowns fabricated using four dif-
ferent materials. The proposed null hypothesis 
in this study was that the retentive force of the 
selected material is not influenced by the cement 
bonding mechanism.
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Materials and Methods

Teeth Collection and Preparation
Forty intact, non-carious, human maxil-

lary first molars were collected. All teeth were 
checked for the absence of root caries, root fill-
ings, or root cracks. The teeth were selected to 
be approximatly of comparable size and shape 
regarding root length and crown dimensions, and 
the buccolingual and mesiodistal widths at the 
cement-enamel junction (CEJ) were measured in 
millimeters using a graduated caliper (0-25 mm, 
0.01 mm, Germany). The teeth were soaked for 
2 hours in 0.5% sodium hypochlorite (NaOCl) 
solution to remove any foreign substances and 
then placed in a saline solution for a maximum 
of one month until the experiment began. All 
teeth were decoronated, 2 mm above the level of 
proximal CEJ, using a diamond disc (Diamond 
discs 910P, Drendel+Zweiling DIAMANT Gm-
bh, Kalletal, Germany). The root canal instru-
mentation was done to all selected teeth using 
the step-back technique with K-files (Mor-Flex 
K-Type File, Moyco Union Broach, York, PA, 
USA). Obturation of the canals was done with 
gutta-percha (Meta Dental Co., Ltd. Chongiu, 
Korea) and sealer (AH-26, Dentsply Detry Gm-
bH, Konstanz, Germany) using lateral conden-
sation technique. The roots of the selected teeth 
were notched for retention and embedded along 
their vertical alignment in an auto-polymerizing 
acrylic resin (Acrostone, acrostonedental factory, 
Cairo, Egypt) with the cement-enamel junction 
positioned 1 mm above the top of the acrylic 
resin. All samples were prepared to receive en-
docrowns. The preparation was designed with a 
circular butt margin 2 mm above cement-enamel 
junction and a central cavity with a standardized 
depth and wall thickness9,11.

Specimen Grouping
All the samples of this study were prepared by 

the same operator. The prepared teeth were ran-
domly divided into four equal groups of ten teeth 
each, according to the material used for the con-
struction of the endocrowns, as follows: Group 
I (VE): Ten prepared molars were restored with 
bybrid ceramic material (Vita Enamic). Group 
II (LU): Ten prepared molars were restored with 
resin nano-ceramic material (Lava Ultimate). 
Group III (CD): Ten prepared molars were re-
stored with zirconia-reinforced lithium disilicate 
ceramic material (Celtra Duo). Group IV (LZ): 
Ten prepared molars were restored with zirconia 

ceramic material (Lava Zirconia). Each group 
was then subdivided into two equal subgroups 
(n=5) according to the type of cement (adhe-
sive technique) used for cementation. Subgroup 
A (RX ARC): the endocrowns were cemented 
with a total etch adhesive resin cement (RelyX 
ARC). Subgroup B (RXU): the endocrowns were 
cemented with self-adhesive resin luting cement 
(RelyX UniCem). The chemical composition and 
the manufacturers of the materials used in this 
study are presented in Table I.

All samples of this study were prepared by 
the same operator. Endocrowns for Group I was 
milled from Vita Enamic ceramic blocks, while 
for Group II from resin nano-ceramic Lava Ul-
timate blocks, whereas for Group III Celtra Duo 
ceramic blocks were used and for Group IV Lava 
Zirconia ceramic blocks were used for endo-
crowns construction. All prepared samples were 
scanned, designed, and milled using ZirkonZahn 
CAD/CAM 5 Tec machine (ZirkonZahn, Gais, It-
aly) according to the manufacturer’s instructions 
for each selected ceramic block. The endocrowns 
were designed with an outer cylindrical handle 
located on buccal and lingual surfaces below the 
occlusal-axial line angles by 2 mm. The length 
and the diameter of the handles were 3 mm and 
3 mm, respectively. These handles were added, 
milled, and sintered to the endocrowns to provide 
a means for the removal of the coping during the 
pull-out testing. The cement space was adjusted 
to 40 µm. Before cementation, the areas of the 
axial and the occlusal surfaces of each prepared 
tooth were calculated. For each specimen, the 
boundaries of the buccal surface were marked 
as an area extending from the mesiobuccal line 
angle to the distobuccal line angle and from the 
cervical finish line to the occlusal-axial line angle 
using an indelible pencil. The same was done for 
the palatal, mesial, distal, and occlusal surfaces. 
For each specimen, the area of interest was cap-
tured by a CCD digital camera (DP10-Olympus, 
Japan) mounted on a stereo microscope. The area 
of each surface on each specimen was assessed at 
the predetermined marked areas. These readings 
were calculated as an area using image analysis 
software (Image J- 1b, USA). The sum of the 
areas of the mesial, distal, buccal, palatal, and oc-
clusal surfaces was calculated to obtain the total 
surface area of each prepared endocrown cavity.

In subgroup A: (RX ARC), RelyX ARC ad-
hesive resin cement was used. The scotch bond 
etchant (3M Scotchbond, Etchant, 3M ESPE, 
Seefeld, Germany) was applied to dentin for 15 
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seconds and then rinsed for 10 seconds. Two 
consecutive coats of single bond adhesive (Single 
bond adhesive, 3M ESPE, Seefeld, Germany) 
were applied to etched dentin for 15 seconds, and 
air thinning for 5 seconds was done. Light curing 
for 10 seconds was done per bonding surface. The 
fitting surfaces of the copings were blasted with 
aluminum oxide ≤40 µm then the blasted sur-
faces were cleaned with alcohol and dried with 
water and oil-free air. RelyX Ceramic primer (3M 
scotch bond ceramic primer, 3M ESPE, Seefeld, 
Germany) was applied to the fitting surfaces of 
each coping and dried for 5 seconds. The cement 
was mixed onto a mixing pad for 10 seconds. A 
thin layer of cement was applied to the fitting 
surface of the copings. The copings were seated 
onto their abutments and 5 kg force was applied 
for 10 minutes; excess cement was removed 3-5 
minutes after seating. Light curing was activated 
on buccal, palatal, mesial, distal, and occlusal 
surfaces for 40 seconds for each surface.

In subgroup B; (RXU), self-adhesive resin ce-
ment with phosphate monomer (RelyX Unicem, 
London, UK) was used. The fitting surfaces of 
the copings were blasted with aluminum oxide 
≤40 µm then the blasted surfaces were cleaned 
with alcohol and dried with water and oil-free 
air. The RelyX Unicem capsule was mixed in a 
high-frequency mixing unit (DeGötzen, Milan, 

Italy) for 15 seconds. The cement was applied 
to the fitting surface of each coping. All the en-
docrowns were seated onto their corresponding 
abutments and 5 kg force was applied for 10 
minutes. The cement in excess was eliminated. 
Light curing was started and activated on buc-
cal, palatal, mesial, distal, and occlusal surfaces 
for 20 seconds for each surface using a light 
curing unit (Mini LED, 1,250 mW/cm2, Satelec, 
Acteon). All specimens were subjected to 2,000 
thermal cycles between 5°C and 55°C (Willy-
tecthermocycler, Berlin, Germany) with a dwell 
time of 30 seconds in each water bath. Each 
acrylic embedded tooth with its own cemented 
coping was secured with tightening screws to 
the lower fixed compartment of a materials test-
ing machine (Model LRX-plus; Lloyd Instru-
ments Ltd., Fareham, UK) with a load cell of 5 
kN and data were recorded using computer soft-
ware (Nexygen-MT Lloyd Instruments, Nexy-
gen, China). The coping was suspended from 
the upper movable compartment of the testing 
machine through a custom-made double loop 
made of orthodontic wire. This wire was bowed 
around the cylindrical handles and the cement-
ed copings were pulled off along the path of 
insertion. A tensile load with the pull-out mode 
of force was employed via materials testing ma-
chine at a crosshead speed of 0.5 mm/min. The 

Table I. The chemical composition and the manufacturers of the materials used in this study.

 Material Composition Manufacturer

Celtra Duo SiO2, Li2O, ZrO2, P2O5, Al2O5, K2O, CeO2 and pigments Ivoclar Vivadent
Vita Enamic Ceramic part: 86% wt. SiO2 (58 - 63%), Al2O3 (20-23%),  VITA Zahnfabrik, 
 Na2O (9-11%), K2O (4-6%), B2O3 (0.5-2%), ZrO2  Germany
Lava Zirconia 3% yttrium oxide treated tetragonal zirconia polycrystals with 3M ESPE, Germany
 a very small concentration of alumina (< 0.25%) to prevent
  leaching of the yttrium oxide. 
Resin Nano Total nanoceramic material content is 80% by weight: 3M ESPE, Germany
Ceramic Lava - silica nanomers (20 nm),  
Ultimate “LU” - zirconia nanomers (4-11 nm).  
 - zirconia-silica nanoclusterparticles (0.6-10 µm). Highly 
   cross-linked methacrylate-based resin matrix Silane coupling agent 3M ESPE, Germany
RelyX ARC Paste A: zirconia/silica filler 68%, amine, photo-initiator, pigment  
 Paste B: zirconia/silica filler 67%, benzoyl peroxide 
Rely X Unicem Powder: 3M ESPE, Germany
Resin Cement - Alkaline (basic) fillers  
 - Silanated fillers  
 - Initiator components  
 - Pigments  
 Liquid:  
 - Methacrylate monomers containing phosphoric acid groups  
 - Methacrylate monomers  
 - Initiator components  
 - Stabilizers  
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force at dislodgement (MPa) was documented 
and the stress of removal was calculated using 
the surface area of each preparation.

Statistical Analysis
Data were analyzed and tabulated using statis-

tical analysis software SPSS v. 9 (SPSS Inc., Chi-
cago, IL, USA). The data were tested for normal 
distribution using the Shapiro-Wilk test. Normal 
distribution was not found. Kruskall-Wallis test 
was used to compare different materials and the 
interaction between materials and cementation 
techniques, and the Tukey HSD test was used for 
pair-wise post hoc comparisons. The Mann-Whit-
ney test was used for comparison between the 
two cementation techniques. A p-value lower 
than 0.05 was considered significant.

Results

Data were analyzed and tabulated using sta-
tistical analysis software (SPSS Inc., Chicago, 
IL, USA). The data were tested for normal dis-

tribution using the Shapiro-Wilk test. Normal 
distribution was not found. Kruskall Wallis test 
was used to compare different materials and the 
interaction between materials and cementation 
techniques, and the Tukey HSD test was used for 
pair-wise posthoc comparisons. The Mann-Whit-
ney test was used for the comparison of the two 
cementation techniques. The results of this study 
showed that Vita Enamic had the highest mean 
retention values though not statistically signifi-
cant than Lava Ultimate and Celtra Duo. Zirconia 
had the lowest mean retention value which was 
significantly lower than the other three ceramic 
materials (Figure 1). The mean retention value 
of the total-etch cementation technique (60.09 
MPa) was significantly higher than self-adhesive 
cementation (49.73 MPa) (Figure 2, Table II).

The combination between the total-etch ce-
mentation technique and Vita Enamic ceram-
ic material yielded the higher mean retention 
value (68 MPa) while the combination between 
self-adhesive cementation and zirconia had the 
least mean value (22.8 MPa) (Table III). There 
was no significant difference between the in-

Figure 2. Mean retention values according to technique of 
cementation.

Figure 1. Mean retention values in this study for different 
materials.

Table II. Means (standard deviations) of retention (MPa) according to the material used.

 Enamic  Lava ultimate  Celtra duo  Zirconia

Mean of retention (standard deviation) 64.3 (7.75)a 62.33 (7.74)a 61.7 (8.29)a 31.3 (9.35)b 

Rows with different letters indicate a statistically significant difference ap ≤ 0.05; bp ≤ 0.001.

Table III. Means (standard deviations) of retention (MPa) according to the technique of cementation used.

 Total Etch  Self-Adhesive

Mean of retention (standard deviation) 60.09 (13.73)a 49.73 (16.69)b

Rows with different letters indicate a statistically significant difference ap ≤ 0.05; bp ≤ 0.001.
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teraction between materials and cementation 
techniques except for zirconia which showed a 
significantly lower retention mean value than 
the other ceramic materials for both cementation 
techniques (Figure 3 and Figure 4). Moreover, 
there was a significant difference within the 
zirconia material itself between total-etch (39.8 
MPa) and self-adhesive (22.8 MPa) cementation 
techniques (Table IV).

Discussion

The restoration of endodontically treated teeth 
is considered to be a continuous challenge in 
restorative dentistry. It shows a noticeable biome-

chanical difference in comparison with its vital 
equivalents, representing a multifactorial dissim-
ilarity that includes dehydration and changes in 
dentin collagen. This results from using chemical 
irrigants and medicaments as well as the general 
weakness result from the carious lesion, previous 
restorations, and endodontic access cavity prepa-
ration22,23. Endocrown restorations have many 
advantages such as a simple and conservative 
technique because it avoids root dentine removal 
to gain retention, time-saving due to fewer clini-
cal and laboratory steps, supra-gingival margins 
which facilitate plaque control, and reduced treat-
ment cost when compared to post-core-crown 
restoration12-14. The type of material used re-
ported a significant influence on retention for all 
tested groups.

Resin-infiltrated hybrid ceramics and zirco-
nia-reinforced lithium di-silicate showed the 
highest retentive force than Lava Zirconia en-
docrowns. The retentive force of the four tested 
materials is significantly high with the total-etch 
technique compared to the self-adhesive bond-
ing mechanism thus the null hypothesis is re-
jected. Valentina et al24 evaluated the clinical 
performance of endocrowns fabricated with the 
Cerec CAD/CAM system and endocrowns man-
ufactured with the Empress II system and it was 
concluded that both systems have constructed 
endocrowns with excellent clinical quality in 
terms of retention and esthetics. Resin bonding 
of ceramic material restorations permits a strong 

Figure 3. The interaction between materials and cementation techniques.

Figure 4. Mean retention values of interaction between ma-
terials and cementation techniques used.
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bonding between the tooth structure and the 
restoration. Regarding the surface treatment of 
tooth structure for total-etch bonding mecha-
nism, enamel, and dentine areas were etched with 
phosphoric acid that dissolves the hydroxyapatite 
crystals producing micro-irregularities leading 
to the formation of resin micro tags that provide 
micromechanical retention, thus improving adhe-
sion potential25.

Resininfiltrated ceramics is composed of a 
twofold network of pre-sintered feldspar porous 
ceramic matrix combined with organic polymers 
forming the polymer-infiltrated ceramic net-
work26. Hydrofluoric acid etching for 60 s elim-
inates some of the glass matrix, producing mi-
cro-porosities27. Exposed etched glass is silanated 
to promote active bonding formation of a chem-
ical bond11. In the current study, resin-infiltrated 
ceramics showed high retention values which 
were comparable to zirconia-reinforced lithium 
disilicate ceramic28. This high bond strength of 
resin-infiltrated ceramics could be interpreted 
due to its hybrid surface that results in that supe-
rior chemical bonding26. Regarding Lava Zirconia 
endocrowns, due to their chemical composition 
and the absence of an etchable glassy phase, the 
bonding procedure of this material is obscured29. 
The favored treatment method is airborneparticle 
abrasion with Al2O3 to provide superior bond 
strengths with the cementing medium. Therefore, 
the bonding difficulty of Lava Zirconia due to 
its chemical composition may interpret the low 
retention values reported in the current study30. 
The combination between the total-etch cementa-
tion technique and Vita Enamic ceramic material 
yielded the higher mean retention value (68 MPa) 
while the combination between self-adhesive ce-
mentation and zirconia had the lower mean value 
(22.8 MPa). There was no significant difference 
in the interaction between materials and cementa-
tion techniques except for zirconia which showed 
a significantly lower retention mean value than 
the other ceramic materials for both cementation 

techniques. Moreover, there was a significant 
difference within the zirconia material itself be-
tween total-etch (39.8 MPa) and self-adhesive 
(22.8 MPa) cementation techniques.

Regarding the type of cement, the results ob-
tained in this study showed that Rely X total-etch 
resin cement resulted in statistically significant 
higher debonding load values than self-adhesive 
resin cement in all tested groups. These findings 
were in agreement with other studies31-33 that re-
ported superior bond strength values of total-etch 
resin cement compared to self-adhesive resin 
cements. Total etch cement relies on a separate 
etching procedure to remove the thick surface 
smear layer and smear plugs in dentinal tubules, 
formed during preparation and allow more ef-
fective micromechanical retention of resin-based 
cements32,33. Marginal adaptation is an important 
criterion that should be considered during the 
selection of the restorative material. Therefore, 
further investigation into the marginal adaptation 
of endocrowns is needed to ensure the durability 
of the endocrown materials to withstand the clin-
ical performance.

Conclusions

Within the limitations of this study, using 
resin-infiltrated ceramics and zirconia-reinforced 
lithium disilicate as restorative materials to con-
struct endocrowns and restore severely damaged 
endodontically treated teeth, recorded significant-
ly higher retention values. Meanwhile, using La-
va Zirconia for the same purpose recorded a low-
er retentive force with an increased possibility of 
tooth fracture. Luting endocrowns with total-etch 
cement is more reliable than using self-adhesive 
cement regarding retention.
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