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Abstract 
Background: The purpose of this in vitro study was to evaluate the retention and resistance form of complete cove-
rage restorations supported by two different cast post and core designs.
Material and Methods: Forty extracted maxillary central incisors were randomly divided into four groups of 10 
specimens each (namely A, B, C and D). All specimens were endodontically treated and a uniform post space of 
9mm was created. All prepared teeth had a 360o chamfer ferrule of 2mm in axial height measured 0.5mm coronally 
from the cementoenamel junction (CEJ) and an axial wall thickness of 1.5 mm. Specimens in groups A and C re-
ceived cast post and cores with the standardized core design, where the core ended at the coronal part of the ferrule, 
while specimens in groups B and D received cores that were encircling the ferrule. Cemented complete coverage 
restorations in groups A and B underwent tensile load stress, while the restorations in groups C and D underwent 
compressive load stress until failure.
Results: Teeth in group A exhibited a mean failure load of 326.14±83.67 N under tension, while teeth in group 
B exhibited a mean failure load of 332.79±80.38 N (p=0.858). Teeth in group C recorded a mean failure load of 
1042.81±205.07 N, and in group D a mean failure load of 875.15±167.64 N (p=0.061) under compression was 
registered.
Conclusions: The standard cast post and core design with a 2 mm of ferrule height offers superior resistance, althou-
gh not statistically significant (p=0.061), when compared to the core design encircling the axial wall ferrule. Both 
cast post and core designs offer equal retention. However, different failure modes of decementation were noted.
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Introduction
The intended purpose of an endodontic post has always 
been to provide the retention needed for the core res-
toration (1). The post and core complex provides the 
foundation for the retention of the definitive restoration 
(2). The retention and resistance form of the core resto-
ration should adhere to the basic principles necessary to 
support the complete coverage restoration (3). The sur-
vival rates of maxillary anterior teeth restored with post 
and core systems have been reported to be between 82.6-
93% with follow-up periods of six to ten years (4,5).
Root fracture has been documented as the major com-
plication of teeth restored with post and cores and com-
plete coverage restorations (6). One of the detrimental 
causes leading to this outcome is attributed to the fact 
that anterior teeth are subjected to non-axial loads of 
135o (7). Ideally, a post and core system should exhibit 
a fracture resistance which is higher than the average 
occlusal loads exhibited during function (2,8,9). Reten-
tion and resistance depend greatly on the length of the 
post (10,11). Adequate post length reduces the stresses 
exerted on the tooth and could also lead to better stress 
distribution (12). Dislodgement of the post was the most 
frequent complication reported on a 10-year retrospecti-
ve study by Gomez-Polo et al. (5).
In a review study, Peroz et al. (13) have identified the 
following parameters, as being crucial for the restoration 
of endodontically treated teeth: (i) post length, (ii) post 
diameter, (iii) post design, (iv) post fixation, (v) post and 
core material, (vi) definitive restoration, and (vii) remai-
ning coronal tooth structure. The post and core design 
parameter was taken as granted and was never evalua-
ted, since it followed the tooth reduction principles for 
complete coverage restorations. It has been well esta-
blished by numerous studies (5,14-17), that the impor-
tance of preserving 2 mm of coronal dentin height after 
preparation has a crucial role on the fracture resistance 
and prevention of root fracture of endodontically trea-
ted teeth. Various ferrule designs have been suggested 
(18-20), but currently there is little research to favor one 
design over the others (21,22). Although a plethora of 

post and core designs have been tested in the literature, 
only one study has focused on the core design itself (23). 
In this in vitro study the authors prepared the facial and 
palatal walls of the remaining tooth structure to create 
an external bevel of 30o to the long axis of the tooth, 
thus extending the core part of the post onto the coro-
nal part of the tooth preparation. That specific design, 
if modified without the bevel preparation and extended 
to encircle the whole height of the tooth’s ferrule, might 
provide extra resistance to fracture for the endodontica-
lly treated teeth.
The purpose of the present in vitro study was to evaluate 
the retention and fracture resistance of complete covera-
ge restorations supported by two different cast post and 
core designs. The null hypothesis was that there is no 
difference on the resistance and retention failure loads 
between the teeth restored with the two different cast 
post and core designs.

Material and Methods
This study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the Institutional 
Review Board/Ethics Committee of the Aristotle Uni-
versity of Thessaloniki School of Dentistry (Protocol 
Number: 18/27-11-2015). Forty extracted maxillary hu-
man central incisors were obtained and were randomly 
divided into four groups of 10 specimens each (Table 1). 
The overall mean root dimensions measured from the 
cementoenamel junction were 13.9±0.98 mm in length, 
6.12±0.52 mm palato-lingually and 6.05±0.36 mm me-
sio-distally (Table 2). All posts had a 9 mm length, whi-
le the mean length of apical gutta-percha was 4.9±0.98 
mm. All teeth were vital with no carious lesions at the 
time of the extraction. The teeth were examined under a 
stereo microscope with x10 magnification (BH2, Olym-
pus Corp., Tokyo, Japan) ‘to ensure the absence of sur-
face fracture lines. Radiographic examination was also 
performed to eliminate the possibility of internal root 
resorption. Disinfection was implemented with a 5.25% 
hypochlorite solution for 1 hour after which the teeth 
were stored in an isotonic saline solution of 0.9% NaCl.

Groups N Post and core Load
A 10 Standard design

(2mm ferrule)
Tensile

B 10 Experimental design
(ferrule encirclement)

Tensile

C 10 Standard design
(2mm ferrule)

Compressive

D 10 Experimental design
(ferrule encirclement)

Compressive

Table 1: Distribution of specimens.
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Group A
(mean±SD)

Group B
(mean±SD)

Group C
(mean±SD)

Group D
(mean±SD)

Tooth length(mm) 21.30±1.57 21.7±1.89 21.0±1.56 21.2±1.48
Root length(mm) 13.4±0.70 13.6±0.84 14.2±1.03 14.4±1.08

Root LP1(mm) 6.27±0.64 6.19±0.60 5.97±0.43 6.02±0.38
Root MD2(mm) 6.09±0.48 6.12±0.40 5.99±0.28 5.98±0.28

Table 2: Mean specimen dimensions (n=10).

1Linguopalatally at CEJ, 2Mesiodistally at CEJ.

Access cavity preparation was initialized using a 2.1mm 
in diameter round diamond bur (#801-021C; SS White, 
Lakewood, NJ) and apical patency was verified with a 
size 15 K-file (Dentsply-Maillefer, Ballaigues, Switzer-
land). Endodontic instrumentation of the root canals was 
performed by using rotary Ni-Ti ProTaper files Sx-F4 
(Dentsply-Maillefer, Ballaigues, Switzerland). The root 
canals were obturated using gutta-percha cones (Roeko; 
Coltene/Whaledent AG, Altstaetten, Switzerland) and 
AH-26 sealer (Dentsply-Maillefer, Ballaigues, Swit-
zerland). The access cavities were sealed with a glass 
ionomer restorative material (Ketac-Molar; 3M/ESPE, 
St. Paul, MN) and the teeth were stored in 0.1% thymol 
solution for five days.
Following that period, each individual specimen of all 
four groups was positioned vertically by means of a sur-
veyor (Ney Surveyor, Dentsply Inc., York, PA) at the 
center of a cylindrical plastic mold (55 mm in diameter), 
which was then poured with autopolymerizing polyme-
thylmethacrylate (PMMA) acrylic resin (Vertex-Dental 
BV, Soesterberg, Netherlands) 2 mm below the CEJ. 
Each tooth specimen was mounted securely into a cus-
tom-made aluminum mold, which in turn was fixed to a 
multifunctional milling machine (BEGO, Bremen, Ger-
many). All specimens were prepared equally, with a 360o 
ferrule design 2mm in height, measured 0.5mm corona-
lly from the CEJ and an axial wall thickness of 1.5 mm. 
A silicone index key was fabricated to control the prepa-
ration depth of 1.0 mm with a uniform chamfer design at 
the finish line and a mesiodistal axial wall convergence 
of 6o. Teeth reduction was performed using medium and 
fine grit tapered diamond burs (FG857016; SS White, 
Lakewood, NJ), measuring 1.6 mm in diameter at the 
tip. Post spaces were prepared with Gates-Glidden drills 
#1-4 (Henry Schein, Inc., New York, USA), obtaining 
a uniform length of 9 mm for all specimens, measured 
from the most coronal part of the preparation.
The post and cores were fabricated directly on the teeth 
using plastic burnout posts (Directa AB, Upplands Vasby, 
Sweden) and modelling and cervical wax (Thowax; Yeti 
Dental, Engen, Germany). Both the coronal part of the 
teeth and the root canals were lubricated with a non-oi-
ly, water soluble medium (Microfilm die lubricant; Kerr 
Dental, Orange, CA). In order to ensure uniformity of 
dimensions for the core part of the restorations, a silico-

ne key was utilized, which was based on an initial pat-
tern made out of autopolymerizing acrylic resin (Pattern 
resin LS; GC America, Alsip, IL). The height of the core 
part was set at 2 mm. The same procedure was repea-
ted for both post and core designs of the study. Groups 
A and C utilized the standard core design, in which the 
core ended at the coronal part of the ferrule, while in 
groups B and D the cores were fabricated with the core 
ending at the internal finish line of the chamfer, thus en-
circling the ferrule (Fig. 1). The definitive post and cores 
were fabricated out of a silver-palladium alloy (Element 
P28; Element-Dental, Thessaloniki, Greece). In order to 
achieve undersized castings, the posts were cast without 
a ring liner (24). Finally, to achieve passive fit of the 
core portion in groups B and D, the technician applied 
two extra layers (four in total) of die spacer (Belle de st 
claire classic Blue; Kerr Corp., Orange, CA), providing 
80μ of cement space (25).
Following the necessary laboratory procedures (i.e. 
casting, devesting, cleaning), the cast post and cores 
were air-abraded with 50-μm aluminum oxide particles 
under 2.8 kg/cm2 pressure and steam cleaned. Root ca-
nals were irrigated with distilled water and then dried 
using an air syringe and absorbent paper points. Then, 
luting was performed using a resin-modified glass io-
nomer cement (GC Fuji Plus; Tokyo, Japan) after tooth 
conditioning (GC Fuji Plus conditioner; Tokyo, Japan). 
The manufacturer’s instructions were followed for the 
luting procedure. Subsequently, 24 hours later, a single 
stage impression of all restorations was made by using 

Fig. 1: Experimental cast post and core design in groups B and D.
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a medium-body polyvinylsiloxane impression material 
(Virtual; Ivoclar-Vivadent, Schaan, Liechtenstein) and 
the definitive casts were obtained. Complete contour 
wax patterns were made for all four groups of the study. 
In groups A and B, a wax loop was incorporated at the 
coronal part of the wax pattern to assist in the tensile 
stress test. In groups C and D, a notch was designed at 
the palatal aspect of the patterns, 3 mm apically of the 
incisal edge to assist in the compression stress test. The 
wax patterns were invested with phosphate bonded in-
vestment (Fujivest II; GC America, Alsip, IL) and cast 
with a nickel chromium ceramic alloy (4all; Ivoclar-Vi-
vadent, Schaan, Liechtenstein).
The completed restorations were cemented with the 
same luting agent used in the post and core cementation 
(GC Fuji Plus; Tokyo, Japan). Prior to the cementation 
the castings were air-abraded internally with 50-μm un-
der 2 bars pressure and steam cleaned. All clinical steps 
of the study were performed by the same clinician, while 
the laboratory procedures were undertaken by the same 
experienced dental technician. The experimental proce-
dures were performed at the Department of Basic Den-
tal Sciences, Division of Dental Tissue Pathology and 
Therapeutics, School of Dentistry, Faculty of Health 
Sciences, Aristotle University of Thessaloniki, Greece. 
The cement was allowed to polymerize for 72 hours be-
fore the specimens were cleared for any testing procedu-
re. Room temperature (21±2oC) and relative humidity 
(50±10%) were monitored throughout the study.
Following the aforementioned period, each acrylic block 
was fixed inside a custom-made aluminum mold, which 
in turn was mounted in a universal testing machine (AX 
M350-10KN; Testometric Co Ltd, Rochdale, UK). Spe-
cimens in groups A and B, which were prepared for the 
tensile test, had a stainless-steel rod attached to the loop 
of the restoration (Fig. 2). The testing machine exerted 
a gradually increasing force parallel to the long axes of 
the teeth, until failure occurred. For the tensile stress test 
a load cell of 500N was used with a crosshead speed of 
1.0 mm/min (26). A 10KN load cell was used for the 

Fig. 2: Specimen mounted on testing assembly for tensile load test.

compression test. A stainless-steel rod with a 3-mm-wi-
de rounded end, applied the load to the palatal notch of 
the castings in groups C and D (Fig. 3), with a crosshead 
speed of 0.5 mm/min (27). The compressive load was 
exerted at a 135o angle to the long axes of the teeth until 
failure occurred. This angle was chosen as it represents 
an Angle’s Class I relationship. Maximum load values 
and modes of failure were recorded.

Fig. 3: Specimen mounted on testing assembly for compressive load 
test.

Descriptive statistics and the independent t test (a=.05) 
were used to determine the effect of tensile and compres-
sive failure loads among the tested groups of the study.

Results
The teeth in group A exhibited a maximum failure load of 
326.14±83.67 N under tension, while the teeth in group 
B exhibited a maximum failure load of 332.79±80.38 
N. Their difference was not found to be statistically 
significant (p=0.858). The difference under compres-
sive failure load was also not statistically significant 
(p=0.061) between group C with a peak failure load of 
1042.81±205.07 N and group D with a peak failure load 
of 875.15±167.64 N (Tables 3,4).
The failure mode for the majority of the teeth in group A 
was decementation of the complete coverage restoration 
without any visible signs of root fracture, while for teeth 
in group B the prevalent failure mode was complete post 
decementation without noticeable root fractures. Teeth 
in groups C and D exhibited catastrophic root fractures, 
below the CEJ, in all cases.

Discussion
The results of the present study confirmed the null hypo-
thesis that both designs would behave equally under 
tensile and compressive loads. However, it should be 
pointed out that the standardized post and core design 
exhibited a higher failure load under compression com-
pared to the experimental design with their difference 
resulting in a p value of 0.061. This finding could have 
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Groups
(n=10)

Mean
(Newtons)

±SD
(Newtons)

Minimum
(Newtons)

Maximum
(Newtons)

A 326.14 83.67 183.37 442.12
B 332.79 80.38 176.22 434.60
C 1042.81 205.07 808.70 1339.00
D 875.15 167.64 668.00 1249.00

Table 3: Peak force measurements for failure loads.

t df Sig. Mean Difference Std. Error Difference
F peak between 
groups A and B

-0.181 18 0.858 -6.65 36.69

F peak between 
groups C and D

2.002 18 0.061 167.66 83.76

Table 4: Independent sample t test for tensile and compressive failure loads.

been significant if a larger sample was utilized. Never-
theless, this needs to be verified with another study. 
Since this study’s experimental design was not utilized 
in any previous in vitro studies, no direct comparisons 
could be drawn. The mean failure load of the post and 
core in group C though, was comparable to the results of 
the study conducted by Shamseddine and Chaaban (23).
The failure mode of all teeth under compressive load 
was destructive root fracture. This has been observed in 
all cast post and core designs with adequate ferrule. The 
same finding was reported in previous studies, as well 
(2,14). It must be noted that the mean peak load before 
fracture of teeth in group D was considerably lower, al-
though not statistically significant, than teeth of group C. 
This may be attributed to the fact that the encirclement 
of the remaining dentin band by the core portion of the 
cast post was possibly exerting additional stresses to the 
root. Further studies employing finite element analysis 
may be beneficial in verifying that assumption. A second 
possible source of stress could have been the tighter fit 
of the core around the ferrule. Since all post and cores in 
the study were cast without a ring liner to achieve an un-
dersized casting as desired, the core portion around the 
ferrule needed extra attention to achieve passive fit of 
the post (25). All necessary procedures to verify the sea-
ting of the posts were observed throughout the study, but 
that could still have been a point of stress accumulation.
Furthermore, the failure mode of the majority of teeth 
(90%) under tensile stress was the full coverage restora-
tion’s decementation in group A and post decementation 
in group B, with similar maximum failure loads. Sin-
ce the teeth in all groups were of similar buccolingual 
and mesiodistal dimensions at the CEJ and all posts had 
an equal length of 9mm, the failure can be attributed to 
cementation surfaces. The full coverage restorations in 
group B had a greater surface area in contact with the 
core portion, which could explain the decementation of 

the posts, while the classic design of the cores in group 
A probably allowed the posts to remain intact. Adhesive 
failure was the common incidence reported in all simi-
lar in vitro and in vivo studies (2,6,12,13). It must be 
emphasized though that the restoration’s decementation 
could be more advantageous to the tooth’s future sur-
vival than the post’s decementation, as no bacteria will 
penetrate into the post space and recementation of the 
existing restoration could be readily performed.
A limitation of this in vitro study was that all specimens 
were subjected to a static loading, which does not accu-
rately represent intraoral conditions. The loads exerted for 
either tensile or compression failure may have been smaller 
if a cyclic loading had been used. However, even cyclic 
loading cannot represent the oral environment as a standar-
dized load is preset throughout the testing procedure. On 
the contrary, mastication must be considered as a rather 
complex procedure influenced by many parameters, such 
as gender, age, occlusal scheme, time, food texture, and the 
presence of temporomandibular disorders (7).
Future in vitro studies should test the influence of ther-
mal cycling and fatigue loading on the retention and 
resistance form of different post and core designs. The 
results of the present in vitro study can only offer an 
indication as to the retention and resistance failure loads 
of the specific designs and should be confirmed by we-
ll-designed, long-term prospective clinical trials.

Conclusions
Within the limitations of this in vitro study, the following 
conclusions can be drawn:
1. The classic cast post and core design with a 2mm fe-
rrule design offers superior resistance, although not sta-
tistically significant, than the core design with the encir-
clement of the tooth ferrule.
2. Both designs offer equal retention, but with different failure 
modes of decementation (full coverage restoration vs post).



J Clin Exp Dent. 2019;11(3):e225-30.                                                                                                                                                                            Retention and resistance loads of post and cores

e230

References
1. Robbins JW. Guidelines for the restoration of endodontically treated 
teeth. J Am Dent Assoc. 1990;120:558,560,562 passim.
2. Heydecke G, Peters MC. The restoration of endodontically treated, 
single-rooted teeth with cast or direct posts and cores: A systematic 
review. J Prosthet Dent. 2002;87:380-386.
3. Podhorsky A, Rehmann P, Wοstmann B. Tooth preparation for 
full coverage restorations-a literature review. Clin Oral Investig. 
2015;19:959-968.
4. Ploumaki A, Bilkhair A, Tuna T, Stampf S, Strub JR. Success rates 
of prosthetic restorations on endodontically treated teeth; a systematic 
review after 6 years. J Oral Rehabil. 2013;40:618-630.
5. Gómez-Polo M, Llidó B, Rivero A, Del Río J, Celemín A. A 10-
year retrospective study of the survival rate of teeth restored with 
metal prefabricated posts versus cast metal posts and cores. J Dent. 
2010;38:916-920.
6. Zhu Z, Dong XY, He S, Pan X, Tang L. Effect of Post Placement 
on the Restoration of Endodontically Treated Teeth: A Systematic Re-
view. Int J Prosthodont. 2015;28:475-483.
7. Strub JR, Beschnidt SM. Fracture strength of all-ceramic crown sys-
tems. Int J Prosthodont. 1998;11:602-609.
8. Gu XH, Kern M. Fracture resistance of crowned incisors with diffe-
rent post systems and luting agents. J Oral Rehabil. 2006;33:918-923.
9. Akkayan B, Gülmez T. Resistance to fracture of endodontically 
treated teeth restored with different post systems. J Prosthet Dent. 
2002;87:431-437.
10. Standlee JP, Caputo AA, Hanson EC. Retention of endodontic 
dowels: Effects of cement, dowel length, diameter, and design. J Pros-
thet Dent. 1978;39:401-405.
11. Sorensen JA, Martinoff JT. Clinically significant factors in dowel 
design. J Prosthet Dent. 1984;52:28-35.
12. Fernandes AS, Dessai GS. Factors affecting the fracture resis-
tance of post-core reconstructed teeth: a review. Int J Prosthodont. 
2001;14:355-363.
13. Peroz I, Dent M, Blankenstein F. Restoring endodontically treated 
teeth with posts and cores--a review. Quintessence Int. 2005;36:737-
746.
14. Sorensen JA, Engelman MJ. Ferrule design and fracture resistance 
of endodontically treated teeth. J Prosthet Dent. 1990;63:529-536.
15. Pereira JR, De Ornelas F, Rodrigues Conti PC, Lins Do Valle A. 
Effect of a crown ferrule on the fracture resistance of endodontica-
lly treated teeth restored with prefabricated posts. J Prosthet Dent. 
2006;95:50-54.
16. Ng CC, Al-Bayat MI, Dumbrigue HB, Griggs JA, Wakefield CW. 
Effect of no ferrule on failure of teeth restored with bonded posts and 
cores. Gen Dent. 2004;52:143-146.
17. Ng CCH, Dumbrigue HB, Al-Bayat MI, Griggs JA, Wakefield CW. 
Influence of remaining coronal tooth structure location on the fracture 
resistance of restored endodontically treated anterior teeth. J Prosthet 
Dent. 2006;95:290-296.
18. de Oliveira JA, Pereira JR, Lins do Valle A, Zogheib LV. Fractu-
re resistance of endodontically treated teeth with different heights of 
crown ferrule restored with prefabricated carbon fiber post and com-
posite resin core by intermittent loading. Oral Surgery, Oral Med Oral 
Pathol Oral Radiol Endodontology. 2008;106:52-57.
19. Sherfudhin H, Hobeich J, Carvalho CA, Aboushelib MN, Sadig W, 
Salameh Z. Effect of different ferrule designs on the fracture resistance 
and failure pattern of endodontically treated teeth restored with fiber 
posts and all-ceramic crowns. J Appl Oral Sci. 2011;19:28-33.
20. Cho H, Michalakis KX, Kim Y, Hirayama H. Impact of interproxi-
mal groove placement and remaining coronal tooth structure on the 
fracture resistance of endodontically treated maxillary anterior teeth. J 
Prosthodont. 2009;18:43-48.
21. Jotkowitz A, Samet N. Rethinking ferrule - A new approach to an 
old dilemma. Br Dent J. 2010;209:25-33.
22. Naumann M, Schmitter M, Frankenberger R, Krastl G. “Ferrule 
Comes First. Post Is Second!” Fake News and Alternative Facts? A 
Systematic Review. J Endod. 2018;44:212-219. 

23. Shamseddine L, Chaaban F. Impact of a Core Ferrule Design on 
Fracture Resistance of Teeth Restored with Cast Post and Core. Adv 
Med. 2016;2016:1-8.
24. Del Castillo R, Ercoli C, Graser GN, Tallents RH, Moss ME. Effect 
of ring liner and casting ring temperature on the dimension of cast 
posts. J Prosthet Dent. 2000;84:32-37.
25. Grajower R, Zuberi Y, Lewinstein I. Improving the fit of crowns 
with die spacers. J Prosthet Dent. 1989;61:555-563.
26. Bintivanou A, Pissiotis A, Michalakis K. In vitro assessment of 
retention and resistance failure loads of two preparation designs for 
maxillary anterior teeth. J Prosthet Dent. 2017;117:517-523.
27. Evangelinaki E, Tortopidis D, Kontonasaki E, Fragou T, Gogos C, 
Koidis P. Effect of a Crown Ferrule on the Fracture Strength of Endo-
dontically Treated Canines Restored with Fiber Posts and Metal-Cera-
mic or All-Ceramic Crowns. Int J Prosthodont. 2013;26:384-387.

Acknowledgments
None.

Conflict of Interest
The authors have declared that no conflict of interest exist.


