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Abstract

Biittel L, Krastl G, Lorch H, Naumann M, Zitzmann NU,
Weiger R. Influence of post fit and post length on fracture
resistance. International Endodontic Journal, 42, 47-53, 2009.

Aim To investigate (i) the impact of post fit (form-
congruence) and (ii) the influence of post length on the
fracture resistance of severely damaged root filled
extracted teeth.

Methodology Ninety-six  single-rooted human
teeth were root filled and divided into four groups
(n = 24 per group). Post spaces were prepared with a
depth of 6 mm (group 1, 3) and 3 mm (group 2, 4).
Form-congruence with a maximal fit of the post
within the root canal space was obtained in groups 1
and 2, whereas there was no form-congruence in
groups 3 and 4. In all groups, glass fibre reinforced
composite (FRC) posts were adhesively cemented and
direct composite crown build-ups were fabricated
without a ferrule. After thermo-mechanical loading

(1200000x%, 5-50 °C), static load was applied until
failure. Loads-to-failure [in N] were compared
amongst the groups.

Results Post fit did not have a significant influence on
fracture resistance, irrespective of the post length. Both
groups with post insertion depths of 6 mm resulted in
significantly higher mean failure loads (group 1, 394 N;
group 3, 408 N) than the groups with post space
preparation of 3 mm (group 2, 275 N; group 4, 237 N).
Conclusions Within the limitations of this study,
the fracture resistance of teeth restored with FRC posts
and direct resin composite crowns without ferrules was
not influenced by post fit within the root canal. These
results imply that excessive post space preparation
aimed at producing an optimal circumferential post fit
is not required to improve fracture resistance of roots.

Keywords: endodontic post, form-congruence, frac-
ture resistance, in vitro study, post space.
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Introduction

As root filled teeth often have insufficient coronal tooth
structure, placement of a post is occasionally necessary
to provide adequate retention for the core and final
restoration. Alternatives to cast post-and-cores have
been developed and include the use of pre-fabricated
posts and custom-made cores with composite that
facilitate a chair-side restorative procedure (Heydecke
et al. 2002). In particular, fibre-reinforced composite
(FRC) posts luted with adhesive materials have become
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more popular because of their favourable mechanical
and aesthetic properties. For example, the elastic
modulus of FRC posts is close to that of dentine, and
results in the stress transmitted by a fibre post to the
root dentine being lower than that caused by other
materials such as titanium or zirconia (Duret et al
1990). There is a controversy as to whether stress
transmission and post rigidity has an impact on the
fracture resistance and/or failure mode of root filled
teeth with posts (Isidor et al. 1996, Akkayan & Gulmez
2002, Fokkinga et al. 2004). In addition to the
presence of a post, other factors possibly influencing
the load capability of root filled teeth are tooth
morphology, restorative techniques and crucially the
amount of tooth tissue lost (Trope et al. 1985, Gut-
mann 1992, Sornkul & Stannard 1992, Fernandes &
Dessai 2001).
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When placing posts in accordance with standard
clinical protocols, pilot drills are used to create a form-
congruent root canal up to the apical third of the root
to ensure primary post fit and retention. This optimized
post fit can be termed ‘form-congruence’ (Schmage
et al. 2005) and aims to create maximal adaptation of
the post to the surrounding root canal walls with a
thin and even post dentine cement interface. It is
believed that form-congruence facilitates stress distri-
bution along the canal wall during clinical function
(Morgano 1996). Schmage et al. (2005) examined the
form-congruence of five pre-fabricated titanium posts
luted with zinc phosphate cement and found that the
mean cement gap varied between 33 and 62 pum,
depending on the post system. For root filled teeth with
cast post-and-cores and crowns luted with zinc phos-
phate cement, a significant increase in fracture resis-
tance was reported when a maximum adaptation of a
tapered post to the residual root structure was present
(Sorensen & Engelman 1990). This effect was not
observed when parallel-sided posts were used. Prepar-
ing post spaces, however, poses several risks. The
individual curvature and cross-section of the root
canal may interfere with this preparation and create
additional weakening of the root or even root perfo-
ration. Lang et al. (2006) investigated the impact of
endodontic procedures on the deformation of anterior
maxillary teeth and found that their stability decreases
with every stage of the root canal preparation.
A significant decrease in stability was observed when
the post space was prepared, particularly following the
transformation of the conical post preparations to a
cylindrical form. It was concluded that if excessive
amounts of tooth structure are removed and the
natural geometry of the root canals are altered, this
will have a destabilizing effect on root filled teeth.
A recent study using computational, experimental and
fractographic analyses has substantiated the impact of
so called inner dentine located adjacent to the root
canal on fracture resistance of teeth (Kishen et al.
2004). Obviously, it is not only the thickness of the
dentine wall that stabilizes the root but also the
presence of inner dentine with a lower elastic modulus
than the more mineralized outer dentine. Particularly
in irregular root canals with an oval cross-section,
large diameter drills are required to ensure a circum-
ferential post fit, and thereby excessive amounts of
inner dentine are removed. Selecting a post that
corresponds best to the natural root canal diameter
without preparation, however, aims to preserve the
inner dentine substance and may be associated with a
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loose-fitting post in irregular canals (no form-congru-
ence).

As soon as posts are luted adhesively to the root
canal walls, an ideal post fit within the canal (form-
congruence) is probably less important as any spaces
are filled with the luting composite. However, shrink-
age of the thicker resin cement film by nonfitting posts
may impair the clinical performance in the long term.
Otherwise, even after standardized post space prepara-
tion (using the post hole drills supplied by the
manufacturers) and optimal bonding procedures, the
high-cavityconfiguration factor may lead to gap
formation either along the cement-dentine interface
or the cement-post interface (Pirani et al. 2005). To
reduce the thickness of resin cement in irregular post
spaces, Grandini et al. (2003, 2005) suggested a
pre-cementation relining of the post with flowable
composite (anatomical post) for the cementation of fibre
posts to improve its fit to the canal space. In the light of
this background, the use of adhesive techniques for post
cementation and a minimal invasive post space prep-
aration minimizing the loss of hard tissue are clinically
preferable.

The aim of the present investigation was to study the
influence of the form-congruence of adhesively luted
glass FRC posts and of post length on the fracture
resistance of root filled teeth. The null hypothesis was
that (i) providing a form-congruence between post and
post space preparation and/or (i) reducing the post
length would have no influence on the fracture load of
root filled teeth restored with adhesively luted glass FRC
posts and direct composite crowns.

Materials and methods

Ninety-six extracted single-rooted human teeth (max-
illary lateral incisors and mandibular second premo-
lars) were selected that fulfilled the following criteria:
straight, sound roots, completely formed apices,
absence of root caries and no visible fracture lines
along the root. Teeth with similar dimensions at the
cementoenamel junction (CEJ) in terms of root diameter
and thickness of the dentine wall were distributed
equally amongst the four groups. The teeth were stored
in 0.1% thymol solution until further processing. The
clinical crowns were removed 1 mm below the buccal
CEJ using a diamond bur, leaving a root length of
13 £ 1 mm. All roots were cleaned with scalers.

Root canal preparation was performed using NiTi
rotary instruments (Race, FKG, La Chaux-de-Fonds,
Switzerland) under intermittent rinsing with 1%
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sodium hypochlorite to an apical size 45. The canals
were then dried with paper points and filled with
vertically compacted gutta-percha (Obtura II, Obtura
Corp, Fenton, MO, USA) using an epoxy sealer (AH
plus, Dentsply De Trey, Konstanz, Germany).

For each group, pre-fabricated glass FRC posts (FRC
Postec, Ivoclar Vivadent, Schaan, Liechtenstein) with a
9.3% taper were used. Post spaces were prepared using
appropriate drills with the same taper in a slow-speed
contra-angle handpiece at 1000 rpm. For the 3 mm
post length (group 2 and 4), the apical 3 mm of the
post was cut off to obtain similar dimensions of the post
diameter in the cervical region of all specimens (Fig. 1).

In groups 1 and 2, the size and shape of the bur
corresponded to the FRC post to ensure optimal post fit
(form congruence between post and post space). In
groups 3 and 4, a more extensive post space prepara-
tion was created to simulate missing form-congruence
between post and post space. For that reason, the pilot
drill was shortened by 3 mm apically (group 2) and
6 mm (group 4). Because of the conical shape of the
drill, the diameter of the post space preparation
increases by about 300 um along the whole length.
This discrepancy between post space and post diameter
results theoretically in a circumferential space width of

150 pum provided that the post is centered in the post
space. The coronal part of the post was reduced in each
group at the same level, i.e. 2.5 mm above the root
canal orifice.

Restorative procedures

Prior to post cementation, the post space was rinsed
with water for 30 s and dried with an air blow for 5 s
and with paper points. Subsequently, all dentine
surfaces were etched with one step (Ultra-etch, 35%
phosphoric acid) for 15 s, rinsed with water spray for
15 s and dried carefully with an air stream for 5 s and
with paper points, leaving the surface slightly moist.
A dual-cure adhesive system (Excite DSC, Ivoclar
Vivadent) was mixed and applied to the sample surface
for 30 s. A gentle air stream was used to evaporate the
dissolution fluid. The FRC posts were cleaned with
alcohol and silanated (Monobond-S, Ivoclar Vivadent)
for 60 s. A dual-curing resin luting material (Multicore
Flow, Ivoclar Vivadent) was mixed and injected into the
prepared root canal with an appropriate tip (C-R
NeedleTubes, Centrix, Shelton, CT, USA). Subsequently,
the post was seated using finger pressure for 10 s.
Excess cement was spread with a brush in a thin layer

Form-congruence No form-congruence
Group 1 Group 2 Group 3 Group 4
2.5mm
3 mm
3 mm
Depth of post-space 6 mm 3 mm 6 mm 3 mm
Apical diameter of post-space 1 mm 1.3 mm 1.3 mm 1.6 mm
Apical post-diameter 1 mm 1.3 mm 1 mm 1.3 mm
::a"l"ybseef d°(fn‘“;pe°ime"3 24 23 24 23

Figure 1 Schematic drawing of the post space preparation and the fibre reinforced composite post in the four groups.
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so that it covered the occlusal surface of the specimens.
The cement was light-cured (Optilux 500, Demetron/
Kerr, Danbury, CT, USA) for 40 s in an occlusal
direction.

To restore the coronal part of the teeth, direct
composite crowns were built up with the same material
(Multicore Flow). Despite slight differences in the
cervical diameter of the roots, standardized crowns
(4 mm height) were fabricated using transparent
moulds (Pella crowns, Odus, Dietikon, Switzerland)
with anatomically formed occlusal surfaces. Composite
resin was placed free of bubbles in the mould, adapted
to the tooth surface and then light-cured from each side
for 40 s. Finally, the excess composite resin in the
cervical area was removed and the margins of the
restoration were finished using fine diamond burs. In
each specimen, the tip of the post was covered with a
layer of resin composite approximately 1.5 mm in
height.

Mechanical loading

The roots of all specimens were coated with an air-
thinned 0.3-mm layer of polyvinylsiloxane (President
light body, Coltene-Whaledent AG, Altstdtten, Switzer-
land) to simulate a periodontal ligament (PDL). The
specimens were fixed with a light-curing composite on
custom-made metallic holders (Provac, Balzers, Liech-
tenstein). The roots were then embedded in self-curing
acrylic resin (Demotec 20, Demotec Siegfried Demel,
Nidderau, Germany) so that the CE] was situated
approximately 1.5 mm above the simulated bone level
(i.e. the upper margin of the embedding medium). After
embedding, the samples were stored in water until
loading.

All specimens were loaded mechanically at the
centre of the occlusal surface using a computer-
controlled masticator (CoCoM 2, PPK, Zurich, Switzer-
land). Stressing comprised 1.2 million occlusal loads of
49 N at 1.7 Hz obtained by using human cusps.

Table 1 Failure loads in the four groups

Simultaneously, thermal stress was applied (3000
thermal cycles between 5/50 °C). These conditions
are believed to simulate approximately 5 years of
clinical service (Krejci et al. 1994).

After thermo-mechanical loading (TML), the fracture
resistance was tested using a universal testing machine
(Zwick, Ulm, Germany). Specimens were fixed in a
metal holder with the long-axis of the roots at an angle
of 45° to the load direction. A tin foil (0.5-mm thick)
was placed between the steel sphere and the crown to
avoid load peaks on the composite resin crown surface.
The linear compressive load was applied (cross-head
speed = 0.5 mm min™!) at the central fissure of the
occlusal surface in the direction of the buccal cusp until
failure.

Statistical analysis

Primary outcome variable was failure during TML
(fatigue testing). Second, loads-to-failure (in N) were
compared when the specimens survived TML. There-
fore, mean values and confidence intervals were
calculated for the nonfailing specimens of each group.
A significant difference between two groups is given
when the confidence intervals do not overlap.

Results

Two specimens, one in group 2 and one in group 4,
were lost because of failures in technical handling. All
remaining teeth and restorations survived TML without
loss of retention or visible fractures and were further
tested for fracture resistance in the universal testing
machine. Mean fracture loads after static loading are
given in Table 1. There was no statistical significant
difference between specimens with 6 mm post length
without form-congruence (group 3) and group 1
(6 mm, form-congruence). Significantly, lower values
were recorded for specimens with a 3-mm short post
(groups 2 and 4). The lowest load values were

95% Confidence interval for mean
failure load (N)

Group n Mean failure load (N) SD (N) Lower bound Upper bound
1 (6 mm, form-congruence) 24 393.99* 98.89 352.23 435.75
2 (3 mm, form-congruence) 23 275.478 75.61 242.77 308.16
3 (6 mm, no form-congruence) 24 408.06" 130.20 353.08 463.04
4 (3 mm, no form-congruence) 23 236.748 96.27 195.11 278.37

Values exhibiting the same subscript number indicate no significant difference between the groups.
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© 2009 International Endodontic Journal



Bittel et al. Form-congruence of endodontic posts

registered in group 4. In the current experimental set-
up, form-congruence had no impact on fracture resis-
tance, irrespective of the post insertion depth.

Discussion

The present study was conducted to evaluate the
influence of form-congruence between post and post
space as well as reduced post length in severely
damaged root filled teeth. It was observed that post fit
did not have a significant impact on fracture resistance,
whilst short post length decreased load values signifi-
cantly, meaning that they fractured more easily.

To gain information about the potential need for a
maximum adaptation of the post to the canal wall, a
lack of form-congruence was created in the current
material by cementing a post in an over-enlarged root
canal. The resulting gap was filled with flowable resin,
which was concurrently used for the crown build-up to
simplify the procedure. This is in accordance with a
recent study suggesting that such materials lead to
better retention than luting cement and therefore
recommending them as alternatives for post cementa-
tion (Ohlmann et al. 2008). The results of the present
study using resin cement clearly demonstrated that
missing form congruence did not impair fracture loads.
In contrast to these findings, Schmage et al. (2005)
reported that only a post closely adapted to the root
canal wall resulted in high retention and prevented
stress peaks. They applied conventional luting material
(zinc phosphate cement) and found that a thin homo-
geneous cement layer, where the film thickness was
<50 um, was essential to improve post retention.
However, when the composite was used as a luting
material, a mismatch between the diameter of the post
space and that of the post did not impair retention
(Assif & Bleicher 1986, Hagge et al. 2002), even when
shrinkage of the thicker resin cement film resulted in
more stress at the interface between the dentine and
the post (Alster etal. 1997). Perez etal. (2006)
investigated the impact of the resin cement thickness
on the bond strength to the root canal dentine.
Obviously, increased cement thickness did not reduce
the bond strength significantly when FRC posts were
inserted. These findings are in line with those of a
recent study demonstrating that the accuracy of fit
between post and root canal did not influence bond
strength (Perdigao et al. 2007).

With the exception of the two technical failures, in
the current experiment, all the teeth and restorations
survived without loss of post retention or crown

© 2009 International Endodontic Journal

fracture. When loaded to failure, fracture loads in all
groups were found to exceed the chewing forces
normally associated with adults, which ranges from 7
tol5 kg (Tortopidis et al. 1998). Teeth with 6-mm deep
post preparations (groups 1 and 3) exhibited similar
failure loads regardless of whether there was form-
congruence between the post and the root canal.
Specimens restored with 3 mm post length with or
without form-congruence (groups 2 and 4) yielded
significantly lower values. Again, the form-congruence
of the FRC-posts had no influence on the load capability
of root filled teeth. During the last decade, the use of
resin composite for direct crowns in root filled teeth has
been recommended only for temporary restorations.
Laboratory investigations of the fracture resistance of
resin composite crowns (with or without endodontic
posts) have, however, yielded promising results, which
suggest that their clinical application is appropriate
(Krejci et al. 1994, Fokkinga et al. 2005). In a 5-year
prospective clinical study on core restorations without
crowns, Creugers et al. (2005a) demonstrated that only
two out of 99 restorations failed. They found that direct
composite build-up restorations exhibited high durabil-
ity and a survival rate similar to that of crowned build-
up restorations in the parallel trial (Creugers et al
2005b).

To mimic a human periodontium (PDL), the roots of
the tested teeth were covered with a layer of cured
polyvinylsiloxane. The presence of this simulated PDL
was found to significantly affect the results of fracture
testing (Soares et al. 2005). The extracted human teeth
used in the present study were sectioned 1 mm below
the buccal CEJ, thereby removing the enamel com-
pletely. The remaining dentine surface is deemed to
provide poorer bonding characteristics than enamel
(Van Meerbeek et al. 2003). The prepared roots were
provided with posts of different lengths and direct
composite crown build-ups, but no ferrule was
achieved. The advantage of a ferrule is that it generally
facilitates a stabilizing effect by embracing the dentine.
The tooth morphology established here, however,
simulated that of a severely damaged root filled tooth.
This situation is, according to the established clinical
guidelines (Schwartz & Robbins 2004), ideally restored
with a post and core build-up and a custom-made
laboratory crown with circular ferrule (Stankiewicz &
Wilson 2002). In most laboratory studies (Heydecke
et al. 2002, Fokkinga et al. 2006, Salameh et al. 2007),
this clinical recommendation is taken into account and
the tested specimens revealed fracture loads higher
than that in the current investigation. The ferrule
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design of crowns is generally considered to be one of the
most important factors to improve the load resistance of
root filled teeth (Sorensen & Engelman 1990, Assif et al.
1993, Isidor et al. 1999, Akkayan 2004, Naumann
et al. 2007). The present results reflect, therefore, the
performance of the post and core alone, without being
confounded by the additional value of a ferruled crown.

In the current material, TML was conducted to
fatigue the samples prior to static loading. A repeatedly
applied load in an aqueous environment simulates
clinical conditions better than static loading alone.
Using this environment, factors such as fatigue stresses
or ageing, which influence the survival of materials can
be taken into account (Naumann et al. 2005). How-
ever, the test designs of laboratory studies can only
partially reflect the clinical situation. Clinically, loading
is a dynamic process and loading forces, frequency and
direction vary greatly. Because of the large number of
other variables involved, including tooth condition,
tooth type, applied restorative procedures and restor-
ative materials used, it is almost impossible to compare
the fracture resistance values obtained in different
laboratory studies. In particular, the most unpredictable
factor is the tooth conditions, which are mainly related
to dentine (Kinney et al. 2003). This is an inherent
drawback associated with the use of human teeth. It has
been reported that testing human teeth results in a large
standard deviation (Krejci et al. 2003), whilst artificially
manufactured teeth are much more consistent (Ottl
et al. 2002). In the present study, a sample size of 24
human teeth was chosen for each group to reduce the
SD and to achieve more reliable results.

The findings of the present study strongly suggest
that excessive post space preparation to maximize post
fit and to reduce the amount of resin cement is not
necessarily required. These results are particularly
encouraging for teeth with oval or long oval root canal
cross-sections. In such cases, not attempting to achieve
a good circumferential post fit helps to preserve inner
dentine and avoids additional weakening of the root.
Further investigations should be conducted to study the
effect of more oval pre-fabricated posts on the load
capability.

Conclusions

Severely damaged root filled teeth restored with FRC
posts and direct resin composite crowns without a
ferrule revealed similar fracture resistance irrespective
of the fit of the post, i.e. irrespective of form-congruence
or no form-congruence. This suggests that post space
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preparation and a fitting post are not required to
improve fracture resistance.
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