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Abstract

Introduction: This study evaluated the effect of central cavitation depth and the presence of ferrule on the mechanical
retention of zirconia endo-crowns.

Methods: A mandibular molar was selected and scanned after different preparations. The preparation designs were
grouped as follows: Group 1 (Control): Full coverage complete crown, group 2 (EF4): endo-crown with 4 mm central
cavity depth and ferrule, group 3 (E4): butt joint endo-crown with 4 mm central cavity depth, group 4 (E2): butt joint
endo-crown with 2 mm central cavity depth, and group 5 (EF2): endo-crown with 2 mm central cavity depth and
ferrule. Then zirconia copings were made using computer-aided design (CAD) and computer-aided manufacturing
(CAM) and cemented by glass ionomer. After thermocycling, the specimens were subjected to a tensile test along the
axis and at an angle of 30°.

Results: All restorations in E2 were deboned during thermocycling. There was no significant difference between the
other groups in pulling-out forces. Pulling-out forces under the axial test were 75.7 N, 84.7 N, 98.7 N, and 80.9 N, and
under the lateral force were 21.2 N, 27.5 N, 35.4 N, and 28.5 N, for the control, E4, EF4, and EF2 groups, respectively.
The difference in pulling-out forces was not significant between the control, E4, EF4, and EF2 groups (P=0.46).
Conclusion: The presence of ferrule increased mechanical retention to some extent. It appears that peripheral reduction
in the aims of gaining a ferrule may increase mechanical retention in teeth with shallow cavity depths. (J Dent Mater
Tech 2023;12(1): 35-42)
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Introduction restoration requires several appointments, and access to
Rehabilitation of endodontically treated teeth is still the root canals would be difficult or impossible in the
challenging (1). Fabrication of post and core followed by case of future endodontic retreatment (3). Moreover,
crown full coverage is commonly suggested for teeth that post-fabrication is not applicable in teeth with short or
lost two or more coronal walls (2) However, this type of curved roots (4,5) In addItIOI’l, this treatment p|an would

not provide sufficient crown resistance without a ferrule
and in cases with short occlusal height (5,6).
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restorations (8). Clinical studies have reported a success
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material selection, as well as the tooth preparation design
9).

Endo-crowns are now a reliable option for molar
restoration; although, there is disagreement among
researchers regarding the endo-crown survival rate in
premolars (9). Sedrez-Porto et al. exhibited no significant
difference in the survival rates of molars restored with
endo-crowns or conventional post-core crowns (8). A
retrospective study revealed that over a 10-year long
period, only 2% of reported endo-crown failures were
due to debonding (11).

In addition to the mechanical retention from the pulp
chamber cavity, endo-crowns attain retention by
chemical bonding to the dental substrate. Therefore, the
endo-crowns are fabricated with materials that can be
chemically adhered to the tooth (4, 6) such as indirect
composite resins, lithium disilicate, and zirconia
ceramics (12, 13); among them, zirconia has the highest
strength (14). With the introduction of numerous
techniques, including acid etching and abrasion by
diamond chip tools (1), zirconia can now be considered a
bondable material to the tooth structure (15-18),
benefitting from a combination of mechanical and
chemical retention (19). Evaluating the mechanical
retention of different designs of endo-crowns and
comparing them with conventional crowns is an
interesting subject for all-ceramic materials, especially
zirconia.

In endo-crowns, the depth of the central cavity is
determined by the pulp chamber anatomy and the
remaining coronal tissues. It can influence the marginal
adaptation of the restoration, stress distribution, and
fracture resistance of the tooth (20-22). The presence of
any finish-line preparation in the cervical margin of the
endo-crown can be regarded as the ferrule. It has been
demonstrated that the presence of a ferrule improves
fracture resistance of dental structures (23-25), and it
leads to more favorable stress distribution to the roots as
compared to a cast post and core (1, 26). Although in
endo-crown preparation, a butt joint finishing line is
prepared for maximum bonding above the cement-
enamel junction (CEJ) (4), in some studies, other forms
of preparations such as chamfer or shoulder finish-line
have been used (27-32).

The present study aimed to evaluate the effect of central
cavity depth and the presence of ferrule on the
mechanical retention of endo-crowns.

Ferrule presence promoted more satisfactory
stress distribution to the roots.

Materials and Methods

One sound mandibular molar was selected and extracted
due to periodontal involvement, and the tooth was
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scanned by a cone-beam computed tomography (CBCT)
device (PLANMECA Promax 3DMax-Helsinky
Finland) after each preparation (Fig 1). For each
preparation design, ten specimens were printed
(DLP/PLANMECA Creo-Helsinki Finland) using a
dental resin model and cured by ultraviolet (UV) light.

Preparation designs
The preparation designs were grouped as follows:

Group 1 (C; control): A conventional full crown
preparation was designed in this group. The axial wall
was prepared with a convergence of 10° and a 120°-
sloped shoulder finish line using a diamond dental bur.
When the preparation was completed, the coronal height
was 5 mm from the finish line at the CEJ. Then it was
scanned, and ten specimens were made, as mentioned
above (Fig 1-A).

To prepare other groups, the axial walls were shortened
to 2 mm above the CEJ. The access cavity was then
prepared, and the root canals were cleaned and obturated
by gutta-percha and a resin-based sealer. After that, the
next four groups with different endo-crown designs were
prepared as follows:

Group 2 (EF4; the endo-crown group with 4 mm central
cavity depth and ferrule): The pulp chamber floor was
flattened with glass ionomer luting (GC Fuji I) till the
vertical height of the chamber reached 4 mm. Then it was
scanned, and ten specimens were printed (Fig 1B).

Group 3 (E4; the butt joint endo-crown group with 4 mm
central cavity depth): The finish-line of EF4 preparation
was modified to the butt joint finish-line by glass
ionomer mixed with amalgam powder (1 mm width, 4
mm height). Then it was scanned, and ten 3D-printed
specimens were made (Fig 1C).

Group 4 (E2; the butt joint endo-crown group with 2 mm
central cavity depth): Glass ionomer was added to the
chamber floor of E4 preparation to reduce the vertical
height of the chamber to 2 mm (Fig 1D).

Group 5 (EF2; the endo-crown group with 2 mm central
cavity depth and ferrule): The combination of glass and
amalgam powder that was added to create the butt joint
margin was eliminated from the E2 preparation design.
Then, the tooth was scanned, and ten 3D-printed
specimens were prepared (Fig 1E).

Table 1 shows a short description of groups and their
specifications.
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Figure 1. Representative images of scanned specimens after different preparations. A. Full crown preparation, B. The endo-crown
group with 4 mm central cavity depth and ferrule (EF4), C. The butt joint endo-crown group with 4 mm central cavity depth (E4), D.
The butt joint endo-crown group with 2 mm central cavity depth (E2), E. The endo-crown group with 2 mm central cavity depth and

ferrule (EF2).

Fabrication of restorations

The printed specimens were scanned with a Laboratory
Scanner (Smart Optic-Activity885). Zirconia copings
(Dental Direkt, Germany) were designed by Exocat
software and milled with a milling machine (VHF-S2,
Germany/CAMb5-S2 impression). All the copings had the
same external height and an extension of 3x3x3 mm? for
tensile tests (Fig 2).

Table 1. The group specifications

Tensile bonding test

The root section of specimens was mounted in self-cure
acrylic resin using a cylindrical mold. The copings were
cemented with glass ionomer luting cement (GC Fuji
TM, Japan/LOT: 1705181) under a force of 300 g. Five
thousand thermal cycles between 5° and 55 were
performed. Finally, a tensile load was applied along the
vertical axis at a 1 mm/min speed using a universal
testing machine (STM-20, Santam, Iran; Fig 3).

Group Description Number
C 5 mm height-axial wall with a convergence of 10° and 120° sloped shoulder finish-line 10
EF4 Endo-crown with 4 mm central cavity depth and ferrule 10
E4 Butt joint endo-crown with 4 mm central cavity depth 10
E2 Butt joint endo-crown with 2 mm central cavity depth 10
EF2 Endo-crown with 2 mm central cavity depth and ferrule 10
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Figure 2. Printed resin specimens and zirconia copings for
each group

The mode of failure was determined using a
stereomicroscope at 40X magnification. The failure
mode was scored as follows:

A: The failure occurred entirely at the cement-zirconia
coping interface, and all cement remained on the dental
resin model.

B: Some parts of the cement are on the dental resin
model, and the rest are on the zirconia coping.

C: The failure occurred entirely at the cement-resin
model interface, and the cement remained on the zirconia
coping.

The specimens and copings were cleaned after the
cement was removed from the surfaces. Copings were re-
cemented and aged as previously mentioned. The
specimens were then subjected to 30° angular tensile
testing.

A jig was designed with SolidWorks software (Fig 4)
and printed using a 3D MBOT printer to perform the
angular test. The jig was a three-dimensional trapezoid

Mechanical retention of endo-crowns

A

F"i'gure'3. Tensile test along the vertical axis of the specimens

with a 30° angled face. To accommodate the coping
extensions, a cubic hollow (3x3x3 mm) was created at
the middle of the angled face and perpendicular to its
surface. The jig was duplicated to 50 pcs using self-cure
acrylic resin and was attached to the specimens using a
rapid-cure cyanoacrylate adhesive (SanaBond, Alan
Sanat, Iran). When the jig was vertically attached to the
device, the specimens had an angular 30° longitudinal
axis. Finally, the tensile load was applied at the speed of
1 mm/min until the restorations were detached (Fig 5).

Results

Restorations were detached in all 10 specimens of the E2
group after the thermocycling. Therefore, no analysis
was performed for this group. Table 2 shows the mean
and standard deviation of pulling-out forces for the
remaining 40 specimens.

The Two-way ANOVA showed that different designs of
specimen preparation had no significant effect on either
axial or lateral pulling-out forces (P=0.46; Table 2).

Figure 4. The designed jig for angular tensile force

J Dent Mater Tech, Vol 12, No 1, March 2023
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However, the effect of the loading angle was significant
(P<0.001; Table 2). The interaction between the two
variables (Preparation design x loading angle) was not
significant (P=0.9; Table 2).

Figure 6 presents representative samples of different
failure modes in the study groups. All specimens
detached from cement joints, except for one specimen in
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the EF4 group, which was fractured through the dental
resin model above the CEJ.

The Chi-square test showed that the distribution of
cement failure location was significantly different among
the groups in the axial tensile test [P=0.02], but there was
no significant difference in failure mode among the
groups when applying the angular pulling-out force
[P=0.06].

Table 2. The mean and standard deviation (SD) of axial (0) and lateral (309 pulling-out forces in the study groups

Lateral force

Group Axial force
Mean (SD)
Control 75.7 (26.5)
E4 84.7 (29.4)
EF2 80.9 (27.6)
EF4 98.7 (23.2)
Effect of preparation design P=0.46
Effect of loading angle P<0.001
Interaction P=0.9

Mean (SD)
21.2 (9.0)

27.5(21.1)
28.5 (11.5)

35.4 (9.0)

Figure 6. Representation of different types of cement failure

J Dent Mater Tech, Vol 12, No 1, March 2023
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Discussion

The present study examined the mechanical retention of
different endo-crown designs. There are controversial
studies on the effect of the depth of the central cavity and
the presence of ferrule on endo-crown retention (7, 20-
22, 28, 29, 31-37). Some studies have shown that
different depths of the central cavity affect the marginal
and internal gaps of endo-crown restorations, such that
the internal and marginal gaps increase in deeper central
cavities (20, 21). However, in other studies, changes in
central cavity depth did not affect the marginal gap and
marginal internal consistency (35, 36, 38).

In the present study, the mechanical retention was
enhanced to some extent by increasing the central cavity
depth regardless of the finish-line design. This can be
explained by the increased surface area, which decreases
the stress magnitude. However, the difference between
groups was small and not statistically significant. On the
other hand, the effect of loading angle on bond strength
was significant, so the values of pulling-out forces were
significantly lower in the lateral tensile test than that in
the axial tensile test.

In the current study, debonding occurred at lower forces
in the full crown preparation design as compared to most
endo-crown groups. Although the difference was not
significant, the lower debonding force can be due to the
greater distance of the axial walls from the point of the
applied force (center of the tooth) in the full crown design
compared to the endo-crown preparation designs. It
means that the pulling force produced much more
moment in axial walls in the full crown design;
consequently, the failure was observed at lower forces.

In this study, mechanical retention improved by
increasing the central cavity depth. Moreover, a
comparison of displacement force between E4 and EF2
groups showed that adding ferrule may have a
compensating effect when the central cavity is shallow.
As all specimens in the E2 group failed during
thermocycling, it can be assumed that these specimens
had a significantly lower force value than that of the EF2
group, in which the ferrule was added to the same cavity
depth. These findings reveal that ferrule can increase
mechanical retention, especially when the central cavity
is shallow. This increased retention can be attributed to
the increased surface area, and the creation of four outer
and inner axial walls that oppose each other, thus
affecting the stress distribution (39).

It has been observed that the presence of ferrule
decreases the probability of catastrophic failures.
Einhorn et al. (28) reported that non-ferrule endo-crown
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preparation showed the least failure load and fracture
resistance. On the other hand, catastrophic failures were
lower in endo-crowns with a 1 mm ferrule (28, 40). In
our study, except for one specimen in the EF4 group that
fractured through the dental resin model above the CEJ,
all other specimens just detached from the cement joint.
The location of cement failure may imply how deep
debonding stresses distribute along with the tooth
structure. By increasing the depth of the central cavity
and adding the ferrule effect, the failure progresses
deeper into the cement and cement-tooth model interface.

The outcomes of this study showed significant
differences in failure mode among the groups when axial
forces were applied, whereas pulling-out force with a
lateral angle did not affect the pattern of debonding. This
may indicate that the preparation design was effective on
stress distribution in axial pulling-out forces. During the
application of lateral pulling-out force, the stress
distribution was not significantly affected by the
preparation design.

Conclusion

Regarding the conditions and limitations of this study, it
can be concluded that:

1. Mechanical retention of endo-crowns improves
slightly with increasing the central cavity depth.
However, the risk of catastrophic failure should be
studied in the future.

2. Adding ferrule increases mechanical retention
of endo-crowns with shallow central cavities and may be
suggested in teeth with insufficient crown length.

Acknowledgment

This study was supported by the vice-chancellor for
Research of Mashhad University of Medical Sciences as
a postgraduate thesis.

Conflict of Interest

No potential conflict of interest was reported by the
authors regarding the publication of the present study.

References

1. Santos-Filho PCF, Verissimo C, Raposo LHA,
Pedro Yoshito Noritomi M, Martins LRM. Influence of
ferrule, post system, and length on stress distribution of
weakened root-filled teeth.
J Endod. 2014; 40(11):1874-1878.



Mechanical retention of endo-crowns

2. Schwartz RS, Robbins JW. Post placement and
restoration of endodontically treated teeth: a literature
review. J Endod. 2004; 30(5): 289-301.

3. Trope M, Maltz DO, Tronstad L. Resistance to
fracture of restored endodontically treated teeth. Dental
Traumatology. 1985;1(3):108-111.

4. Vinola S, Balasubramanian S, Mahalaxmi SE.
An Effective Viable Esthetic Option for Expurgated
Endodontically treated Teeth: Two Case Reports. Dent
Traumatol. 2017;2:97-102.

5. Biacchi G, Basting R. Comparison of fracture
strength of endocrowns and glass fiber post-retained

conventional crowns.
Oper Dent. 2012;37(2):130-136.
6. Bindl A, Richter B, Mérmann WH. Survival of

ceramic computer-aided design/manufacturing crowns
bonded to preparations with reduced macroretention
geometry.

Int J Prosthodont. 2005; 18(3):219-124.

7. Zhu J, Rong Q, Wang X, Gao X. Influence of
remaining tooth structure and restorative material type on
stress distribution in endodontically treated maxillary

premolars: A finite element analysis.
J Prosthet Dent. 2017;117(5):646-655.
8. Sedrez-Porto JA, da Rosa WLdO, da Silva AF,

Minchow EA, Pereira-Cenci T. Endocrown restorations:
A systematic review and meta-analysis. J den. 2016;52:8-
14.

9. Govare N, Contrepois M. Endocrowns: A
systematic review. J Prosthet Dent. 2020;123(3):411-
418. e419.

10. Al-Dabbagh RA. Survival and success of
endocrowns: a systematic review and meta-analysis.
J Prosthet Dent. 2021; 125(3): 415-e1.

11. Belleflamme MM, Geerts SO, Louwette MM,
Grenade CF, Vanheusden AJ, Mainjot AK. No post-no
core approach to restore severely damaged posterior
teeth: An up to 10-year retrospective study of
documented endocrown cases. J Dent. 2017;63:1-7.

12. Sevimli G, Cengiz S, Oruc MS. Endocrowns. J
Istanb Univ Fac Dent. 2015;49(2):57-63.

13. Sahebi M, Ghodsi S, Berahman P, Amini A,
Zeighami S. Comparison of retention and fracture load of
endocrowns made from zirconia and zirconium lithium
silicate after aging: an in vitro study. BMC Oral Health.
2022;22(1):1-8.

41

14. Rosenstiel SF, Land MF. Contemporary fixed
prosthodontics-e-book: Elsevier Health Sciences; 2015.
753.

15. Scotti R, Kantorski KZ, Monaco C, Valandro
LF, Ciocca L, Bottino MA. SEM evaluation of in situ
early bacterial colonization on a Y-TZP ceramic: a pilot
study. Int J Prosthodont. 2007;20(4): 419-422.

16. Atsu SS, Kilicarslan MA, Kucukesmen HC,
Aka PS. Effect of zirconium-oxide ceramic surface
treatments on the bond strength to adhesive resin. J
Prosthet Dent. 2006;95(6):430-436.

17. Piascik J, Swift E, Thompson J, Grego S, Stoner
B. Surface modification for enhanced silanation of
zirconia ceramics. Dent Mater. 2009;25(9):1116-1121.

18. Usumez A, Hamdemirci N, Koroglu BY,
Simsek I, Parlar O, Sari T. Bond strength of resin cement
to zirconia ceramic with different surface treatments.
Lasers Med Sci. 2013;28(1):259-266.

19. Inokoshi M, De Munck J, Minakuchi S, Van
Meerbeek B. Meta-analysis of bonding effectiveness to
zirconia ceramics.

J Dent Res. 2014;93(4):329-334.

20. Shin'Y, Park S, Park J-W, Kim K-M, Park Y-B,
Roh B-D. Evaluation of the marginal and internal
discrepancies of CAD-CAM endocrowns with different
cavity depths: An in vitro study. J Prosthet Dent.
2017;117(1):109-115.

21. Gaintantzopoulou M, El-Damanhoury H. Effect
of preparation depth on the marginal and internal
adaptation of computer-aided design/computer-assisted
manufacture endocrowns. Oper dent. 2016;41(6):607-
616.

22. Lise DP, Van Ende A, De Munck J, Suzuki
TYU, Vieira LCC, Van Meerbeek B. Biomechanical
behavior of endodontically treated premolars using
different preparation designs and CAD/CAM materials. J
dent. 2017;59:54-61.

23. Forberger N, Géhring TN. Influence of the type
of post and core on in vitro marginal continuity, fracture
resistance, and fracture mode of lithia disilicate-based
all-ceramic crowns. J Prosthet Dent. 2008;100(4): 264-
273.

24, Pereira JR, De Ornelas F, Conti PCR, Do Valle
AL. Effect of a crown ferrule on the fracture resistance
of endodontically treated teeth restored with
prefabricated posts. J Prosthet Dent. 2006;95(1):50-54.

J Dent Mater Tech, Vol 12, No 1, March 2023



42

25. Ma PS, Nicholls JI, Junge T, Phillips KM. Load
fatigue of teeth with different ferrule lengths, restored
with fiber posts, composite resin cores, and all-ceramic
crowns. J Prosthet Dent. 2009;102(4): 229-234.

26. Pierrisnard L, Bohin F, Renault P, Barquins M.
Corono-radicular reconstruction of pulpless teeth: a
mechanical study using finite element analysis. J Prosthet
Dent. 2002;88(4):442-448.

27. Martinez-Insua A, Da Silva L, Rilo B, Santana
U. Comparison of the fracture resistances of pulpless
teeth restored with a cast post and core or carbon-fiber
post with a composite core. J Prosthet Dent.
1998;80(5):527-532.

28. Einhorn M, DuVall N, Wajdowicz M, Brewster
J, Roberts H. Preparation ferrule design effect on
endocrown  failure  resistance. J  Prosthodont.
2019;28(1):e237-e242.

29. Abo-Elmagd A, Abdel-Aziz M. Influence of
marginal preparation design on microleakage and
marginal gap of endocrown cemented with adhesive resin
cement. Egypt Dent. J. 2015;61:5481-5489.

30. Carlos RB, Thomas Nainan M, Pradhan S,
Sharma R, Benjamin S, Rose R. Restoration of
endodontically treated molars using all ceramic
endocrowns. Case Rep Dent. 2013; 2013.

3L Guo J, Wang X-Y, Li X-S, Sun H-Y, Liu L, Li
H-B. Influence of different designs of marginal
preparation on stress distribution in the mandibular
premolar restored with endocrown. Nan fang yi ke da xue
xue bao= Nan Fang Yi Ke Da Xue Xue Bao.
2016;36(2):200-204.

32. Menezes-Silva R, Espinoza CAV, Atta MT, de
Lima Navarro MF, Ishikiriama SK, Mondelli RFL.
Endocrown: a conservative approach.
Braz Dent Sci. 2016;19(2):121-131.

33. Ghodsi S, Raseipour S, Hajimahmoodi M,
Mroue M. Evaluation of Marginal and Internal Fit of
CAD/CAM Endocrowns with Different Cavity Tapers.
Int J Prosthodont. 2021.

34. Roopak B, Mohan T, Shamina P, ROSHNI S,
SHINY B, RAJANI R. Restoration of endodontically
treated molars using All Ceramic Endocrowns. Case Rep
Dent. 2013;2013:210763.

35. Darwish HA, Morsi TS, El Dimeery AG.
Internal fit of lithium disilicate and resin nano-ceramic

J Dent Mater Tech, Vol 12, No 1, March 2023

Mechanical retention of endo-crowns

endocrowns with different preparation designs. Future
Dental Journal. 2017;3(2):67-72.

36. Rocca GT, Daher R, Saratti CM, Sedlacek R,
Suchy T, Feilzer A, et al. Restoration of severely
damaged endodontically treated premolars: The
influence of the endo-core length on marginal integrity
and fatigue resistance of lithium disilicate CAD-CAM
ceramic endocrowns. J den. 2018;68:41-50.

37. Carvalho A, Bruzi G, Anderson R, Maia H,
Giannini M, Magne P. Influence of adhesive core buildup
designs on the resistance of endodontically treated
molars restored with lithium disilicate CAD/CAM
crowns. Oper Dent. 2016;41(1):76-82.

38. Ghajghouj O, Tasar-Faruk S. Evaluation of
fracture resistance and microleakage of endocrowns with
different intracoronal depths and restorative materials
luted with various resin cements. Materials. 2019;
12(16): 2528.

39. Ishak MI, Shafi AA, Kadir MRA, Sulaiman E.
Effect of ferrule height and post length on mechanical
stress and displacement of endodontically treated
maxillary central incisor: a finite element analysis.
Journal of Medical and Biological Engineering.
2017;37(3):336-344.

40. Taha D, Spintzyk S, Schille C, Sabet A, Wahsh
M, Salah T, et al. Fracture resistance and failure modes
of polymer infiltrated ceramic endocrown restorations
with variations in margin design and occlusal thickness.
J Prosthodont Res. 2018; 62(3): 293-297.



