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Effect of tooth type and ferrule on the survival of pulpless teeth restored
with fiber posts: A 3-year clinical study
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ABSTRACT: Purpose: To determine, in a 3-year clinical trial, whether tooth type and ferrule significantly affect the
survival of pulpless teeth restored with fiber posts. Methods: A sample of 87 teeth in 87 patients (32 men and 55 women,
age ranged from 23 to 78) were restored using Snowpost: 34 incisors, 12 canines, 25 premolars and 16 molars. The posts
were cemented with RelyXUnicem and the core was made with a resin composite (Dentocore Automix). Every tooth was
covered with a metal-ceramic or all ceramic crown. Two experimental groups, according to the presence or absence of
ferrule, were defined: A) 45 teeth with ferrule (>2 mm height); and B) 42 teeth without ferrule (<2 mm height). Patients
were reevaluated every 6 months. Results: 14 of the total restorations failed (16.1%). The failure modes were caries (n=4),
post fracture (n= 4), root fracture (n= 2), and marginal gap, post cement failure, crown cement failure, and periapical lesion
(n= 1 respectively). In Group A the failure observed was 6.67% and in Group B it was 26.20%. The log-rank test showed
statistically significant differences between both groups. According to the type of tooth, the incisors were the teeth with the
highest failure rate (73.52%), but Chi-square test showed no statistically significant differences among the four tooth types,
perhaps because of the low number of the sample. (4m J Dent 2010;23:351-356).

CLINICAL SIGNIFICANCE: In endodontically treated teeth restored with adhesive techniques and fiber posts, the presence
of ferrule results in better clinical survival after 3 years of clinical service.
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Introduction

The changes in endodontically treated teeth can be
attributed to the modifications that occur at different levels:
tissue composition, dentin micro and macro-structure and
tooth structure. It has been suggested that endodontically
treated teeth are more brittle and may fracture more easily
than vital teeth.”* However, the literature does not support the
widely held belief that attributes particular weakness or
brittleness to non-vital dentin. It is believed that it is the loss
of tooth structure due to caries, trauma or endodontic therapy
that makes endodontically treated teeth more susceptible to
fracture.*!! Some clinical studies show a relationship between
the prognosis of postendodontic restorations and factors such
as type of occlusion,'” tooth type and position in the dental
arch, 16 type of final restoration,’ " type of abutment,
existence of proximal contacts,”® and degree of hard tissue
loss at the coronal level.'>'%*** In addition, the importance of
preserving a circumferential dentin collar of at least 2 mm
height (ferrule effect) to increase tooth resistance to fracture
has been emphasize:<i.3°'36 The preparation of a post space and
the placement of a post can also weaken the root and may lead
to root fracture.’®*" These studies suggest that a post should
be used only when there is not enough tooth substance
remaining to support the final restoration,”** according to
tooth type and its occlusal function.

It’s worth pointing out two factors, ferrule effect and tooth
type. According to Sorensen & Engelman® ferrule effect is
defined as “a 360° metal (or cerarnic) collar of the crown
surrounding the parallel walls of the dentin extending coronal
to the shoulder of the preparation”. The concept was proposed
in 1961 by Rosen,® who thought that this extension of the
restored crown, by its hugging action, prevents shattering of the
root. Many studies in vitro indicate that ferrule effect reduces
the incidence of root fracture and makes it occur in a more

favorable way.>***” The fracture resistance increases with the
ferrule length. The minimum effective ferrule length should be
1.5 mm of coronal dentin extending beyond the preparation
margin,3 53648 or 2 mm.*>**° And teeth with a uniform ferrule
were more fracture resistant compared to teeth with nonuniform
ferrule heights.*® According to Stankiewicz & Wilson, a
suitable classification would be “less than” or “at least” 2 mm-
ferrule length. Two prospective clinical trials include the ferrule
effect investigation. Both Ferrari ef a/”® and Cagidiaco et al’"
observed that failure risk was significantly higher for teeth that
had lost all coronal walls. However, similar failure risks existed
for teeth missing all the coronal walls, regardless of the
presence or absence of a ferrule effect.’’ The influence of the
ferrule effect on multirooted teeth needs further research. In in
vitro studies only single rooted teeth have been investigated.

As for the type of tooth, the need for a post varies greatly
between the anterior and posterior teeth.***? Anterior teeth and
premolars are more likely to be subjected to lateral forces
during mastication than molars, so they more often need a post.
However, many studies do not agree about the survival
functions of the different tooth types. Piovesan et al®® observed
that there were no differences between anterior and posterior
teeth. In other retrospective reports**® premolars were found to
be the most frequently fractured teeth. Glazer’s prospective
study*® observed that premolars have a higher risk to fail than
anterior teeth. It is in contrast with Schmitter’’ and Naumann et
al® who reported failures more frequent in anterior teeth.

Criteria to select the ideal post should include strength,
modulus of elasticity, retention, biocompatibility, esthetics and
retrievability. Recently, new treatment approaches using more
flexible, fiber reinforced materials combined with the
advantages of the adhesive technique have been introduced. It
is believed that the creation of a mono-block dentin-post-core
system through the dentin bonding would allow better
distribution of forces along the root. Therefore if excessive
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loads are applied to the tooth, the post will be able to absorb
stresses, reducing the possibility of root fracture. The
mechanical behavior and related mechanisms of failure of fiber
posts and metallic posts have been compared. The major
disadvantage associated with metallic post is non-retrievable
root fracture.* %

Only a few retrospective’"® and prospective
clinical trials have been conducted to assess the survival of
endodontically treated teeth by using fiber posts in vivo.
According to differences in study design, follow-up periods,
inclusion criteria and number of subjects, different rates and
modes of failure have been recorded. Maximal failure
registered ranged between 8% in a retrospective investigation™
and 12.8% in a prospective study.'®

The present study evaluated the survival of fiber posts in
teeth in the presence or absence of ferrule effect, and the
influence of tooth position in dental arch, age and sex. The
research hypothesis was that, using fiber posts in pulpless teeth,
these different baseline factors would give equivalent failure
rates and failure modes.

Materials and Methods

A total of 87 subjects were included in the trials, 32 men
and 55 women, who visited a private dental office between
February 2004 and June 2008 and needed restoration of
endodontically treated teeth. The follow-up period ranged
between a minimum of 377 and a maximum of 1585 days. The
average was 1027 days (about 2.8 years). We excluded from
the study patients with periodontal disease or caries high risk.
Only one tooth per subject was considered for the study.
Written informed consent was obtained from the individuals
after they had received a clear explanation of the purpose of the
trial, according to a protocol approved by the School of
Dentistry at the University of Seville, Spain. The individuals’
ages ranged from 23 to 78, with an average of 53. The selected
teeth needed to be in occlusal function with a natural tooth, and
in interproximal contact with at least one adjacent natural tooth.
Teeth were not used as abutments for fixed or removable partial
dentures. If the teeth had already been endodontically treated,
the inclusion criteria (symptom-free root canal filling and a
minimum apical seal of 4 mm, without any periapical lesion on
the radiograph) had to be met. All the clinical procedures were
performed by the same operator, who had more than 15 years
experience.

Two experimental groups were defined as follows, based on
the amount of dentin left at the coronal level up to the shoulder
of the preparation, before the abutment was built-up: 1) ferrule
present (a dentin collar of at least 2 mm height and minimal 1
mm thickness, as measured with a periodontal probe, was
preserved circumferentially), 45 teeth (51.7%); 2) ferrule absent
(less than 2 mm of dentin was present circumferentially), 42
teeth (48.3%). Distribution of 87 treated teeth according to type
is shown in Table 1.

Only one post was placed in each tooth. We selected the
distal root for mandibular molars, and the palatal root for
maxillary molars and premolars with two canals. The selected
teeth must have lost more than 50% of coronal structure in
volume.®*!

The following data were collected at the baseline examina-
tion: patient age and sex, follow-up period, tooth type, pres-
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Table 1. Distribution of teeth and presence or absence of ferrule.

Jaw Incisors Canines Premolars  Molars
Maxilla 34 12 14 5
Ferrule present/absent ~ 17/17 715 777 4/1
Mandible 0 0 11 11
Ferrule present/absent 0/0 0/0 477 6/5
Both 34 12 25 26

ence or absence of ferrule. The restorations of 87 teeth were
metal-ceramic and all-ceramic crowns.

Clinical procedures - Snowpost® posts were used. These posts
are made of zircon-rich glass fiber embedded in an epoxy resin
matrix, and are silanated during fabrication. The posts are
tapered, 19 mm long and are available in four sizes (1.0, 1.2,
1.4, 1.6 mm diameter).

After at least 7 days of endodontic treatment, used as an
evaluation period, the gutta-percha was removed with Largo-
Peeso drills numbers 1-6” and excavators (LM 612-622 XSi°),
leaving at least 4 mm of intact apical seal.** The drill working
length was controlled with silicone stops. Prior to cavity
preparation, a rubber dam was placed if it was possible. The
walls of the root canals were enlarged with low-speed burs
provided by the manufacturer, following the criteria of
maximum conservation of the residual dental tissue. The post
was chosen according to the canal diameter, not to the root one.
Then the post was reduced to the proper length outside of
mouth using a diamond disk. The root canal was treated with
5% sodium hypochlorite to make cement more efficient and
coronal dentin was etched with 37% phosphoric acid for 15
seconds, rinsed with a water spray and dried with air and paper
points. The cementation procedure was performed according to
the manufacturers’ instructions. RelyXUnicem® was the cement
used. This automixed cement was applied inside the canal and
on the post surface. The post was seated immediately, and the
excess cement was removed. Light-curing was performed on
the post for 90 seconds with a high-power LED curing light
(Demetron II%). Core build-up was then performed using an all-
in-one light-curing adhesive for enamel and dentin (Excite’) and
a flowable resin composite (Dentocore Automix®). Then, the
abutment was prepared with diamonds burs and a chamfer
finish. It was covered with a metal-ceramic or all-ceramic
crown, cemented also with RelyXUnicem. The period between
the core build-up and crown placement was about 7 days. A
provisional composite crown was always used.

Evaluation parameters - All the individuals were evaluated
every 6 months. The rate of success was assessed by the same
operator through clinical and intraoral radiographic examina-
tions. Clinical evaluation includes visual inspection conducted
with magnifying loupes (x3 magnification) with fiberoptic
coaxial illumination (Zeon Illuminator”), examination of the
continuity of the margins of the restoration by use of an explorer
(EXTU17/236"), and photographic examination (Canon EOS
350D digitaF). The triple examination was performed immedi-
ately before restoration, after restoration and in every revision.
Radiographs were taken with a parallel technique (Super-Bite®)
using a digital radiography system (Digora Optime").

The following events were considered as failures:

e Root fracture was noted when, after extraction, a fracture
line was evident at inspection.
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Table 2. Causes of failure.
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Table 4. Contingency table and Chi-square test for present/absent ferrule.

Failure Total  Incisors Canines Premolars  Molars Contingency table ferrule/survival
Caries 4 3 0 1 0 Survival Failure Total
Crown decementation 1 0 0 1 0 Ferrule  Absent At recall 31 11 42
Post decementation 1 1 0 0 0 Survival % 42.5% 78.6% 48.3%
Root fracture 2 2 0 0 0 Ferrule % 73.8% 26.2% 100.0%
Post fracture 4 3 0 0 1 Present At recall 42 3 45
Periapical 1 0 0 0 1 Survival % 57.5% 21.4% 51.7%
Marginal gap 1 0 0 0 1 Ferrule % 93.3% 6.7% 100.0%
Total 14 9 0 2 3 Total At recall 73 14 87
Survival % 100.0% 100.0% 100.0%
Ferrule % 83.9% 16.1% 100.0%
Table 3. Contingency table and Chi-square test for type of tooth.
Chi-square test ferrule/survival
Contingency table type of tooth/survival
Exact sig. Exact sig.
Survival Failure Total Value gl (bilateral) (unilateral)
Type of Incisor At recall 25 9 34 Pearson’s chi-square test 6.133 1 019 .013
tooth Survival % 34.2% 64.3% 39.1% Continuity Correction 47712 1
Tooth type % 73.5% 26.5% 100.0% Likelihood ratio 6.420 1 .019 .013
Canine At recall 12 0 12 Fisher’s exact test 019 013
Survival % 16.4% 0% 13.8% Valid cases 87
Tooth type %  100% 0% 100.0%
Premolar At recall 23 2 25
Survival % 31.5% 14.3% 28.7%
Tooth type % 92% 8% 100.0% 1.0
Molar Atrecall 13 3 16
Survival % 17.8% 21.4% 18.4%
Tooth type % 81.2% 18.8% 100.0% 0]
Total Atrecall 73 14 87
Survival % 100.0% 100.0% 100.0%
Tooth type % 83.9% 16.1% 100.0% o
Chi-square test type of tooth :?;:Lv;:ny
Exact sig. Exact sig. > — anis
Value gl (bilateral)  (unilateral) et ' S0t
Pearson’s chi-square test 6310 3 .093 - —ﬂ present
Likelihood ratio 8.088 3 .060 " TecansO
Fisher’s exact test 5.796 .105 + censored
Linear-by-linear association 1384 1 264 .148 0.0
Valid cases 87 .

i

e Post fracture was defined as a separation of two post parts at
inspection.

» Post cement failure was defined as a separation of the post-
core restoration from tooth structure.

e Crown cement failure was defined as a separation of the
crown from post-core.

e Marginal gap formation between tooth and restoration was
defined as a radiographic visible opening between tooth
structure and restoration and reachable by the explorer.

e Clinical evidence of secondary caries contiguous with the
restoration margin was reported when the presence of caries
close to the restoration margin was clinically or radio-
graphically observed.

e Periapical lesion was defined as the presence of radiolucent
periapical lesion on radiograph.

Evaluation of success or failure was performed by one
previously trained examiner. “Repairable” and “non-repairable”
failures were differentiated.

Statistical analysis - Calculations were performed using SPSS
14.0 software.! Additionally, Pearson’s chi-square test was
applied to compare frequencies of failure and to investigate the
baseline factors’ influence on survival rate (patient age and
gender, follow-up period and tooth type). The Kaplan-Meier
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Fig. 1. Kziplan-Meiér survival curves according to present/absent ferrule.

plots were constructed; the Mantel-Cox regression analysis
(log-rank test) was applied to compare the survival distribution
of two samples. It assesses the influence on failure rate of the
presence or absence of ferrule. The level of significance was set
at P<0.05.

Results

Data were not affected by any loss to follow-up. Of the 87
teeth, 73 survived, and 14 failed. The overall 3-year survival
rate of crowned endodontically treated teeth was 83.9%. The
causes of failure are shown in Table 2. All failures except “root
fractures” were repaired.

According to patients’ sex, success occurred in 81.25%
males and 85.45% females. On applying Chi-square test, no
statistically significant differences were found. The patients’
age has no statistically significant difference when using Chi-
square test. According to the type of tooth, incisors were the
teeth which were mostly used (34), 9 of which failed. This is
the most important failure range (73.52%), although no
significant differences were found with Chi-square test (Table
3). The presence or absence of ferrule showed statistically
significant differences (P< 0.05). Of a total of 45 treated teeth
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with ferrule, 42 succeeded (mean
93.33%) and of 42 without ferrule,
31 succeeded (mean 73.80%)
(Table 4). The Kaplan-Meier survi-

val curves were constructed for

both groups (presence or absence
of ferrule) and the survival was
compared with a log-rank test

(Fig.1).
Discussion

The present study was designed
specifically to assess whether the
presence or absence of ferrule and
tooth type in arch, and the place-
ment of a fiber post had any influ-
ence on survival functions. This
way, other variables such as post
type, core material, cement mate-
rial, and presence of antagonist and
adjacent teeth were standardized to
homogenize the sample.

The first relevant finding in our
investigation was that the global
clinical survival range, 83.9% in 3
years, is not an outstanding value,
compared to other trials. It would
not be a recommended treatment with such a high failure risk
(16.1%). However, when teeth have a dentin collar of more
than 2 mm height, the survival rate improved up to 93.33%.
This lower risk of failure agreed with the previous clinical
reports. A ferrule has been defined as a 1.5 to 2 mm high
vertical band of tooth structure which helps to retention and
provides a resistance form, increasing fracture resistance and
enhancing the longevity of the restoration.®® Forces concentrate
at the crest of the bone during mastication.*” This protective
effect could occur because the ferrule resists stresses such as
functional lever forces, the wedging effect of tapered posts and
the lateral forces exerted during the post insertion.” Besides,
the cement area between core and dentin could be the most
fragile both in response to occlusal loads and in possibilities of
microleakage. The presence of ferrule would avoid the direct
exposure of this area and would reduce the risk of lesions.
Ferrari ef al® and Cagidiaco er al’' observed that failure risk
was significantly higher for tecth that had lost all coronal walls.
However, similar failure risks existed for teeth missing all the
coronal walls regardless of the presence or absence of a ferrule
effect.’! In this trial, after 3 years of clinical service, failure risk
of fiber posts increased significantly for teeth without ferrule
effect. With independence of the rest of variables, it seems that
the more tooth structure remains the more success is possible.

fragments after extraction

In the present study, age and gender had no influence on
survival range. It seems endodontically treated teeth are not
different considering the variables of time and sex.

In this trial, the incisors were the teeth with the highest
failure rate, but not statistically significant (P= .093). This
agreed with the Schmitter’’ and Naumann et al”® studies that
considered failure more frequent in anterior teeth. This could be

Fig. 3A. Root fracture in maxillary left central incisor. Clinical situation in the revision. B. The two separated
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Fig. 2A. The explorer assesses the separation between the oot fragment and the post in a maxillary left lateral
incisor. The crown appeared debonded. B. The same case after extraction.

position in arch, the vertical overlap level and the frequent loss
of posterior teeth. We would need to include other variables
and a greater number of samples to obtain definitive con-
clusions. In this study, incisors (39%) and premolars (28%)
were the most used pulpless teeth, versus molars (18%) and
canines (13%). Molars resist vertical forces and the loss of
structure from caries or trauma is not as important. Canines do
not usually suffer a significant loss of structure. This corro-
borates that it is the loss of structure and the functional
requirements which recommend the use of a post.

In the present trial, caries was the most frequent failure (four
cases). This agreed with several studies™*> which assessed that
caries was the most frequent clinical complication in fixed
prosthodontics. Caries could not be a consequence of using fiber
post or baseline factors, but of the patient’s hygiene. All the cases
could be solved. Post fracture was also the most common failure
observed in this study (four cases). This agreed with Naumann et
al'® and it may be related to the rather low fatigue resistance of
the post used.” Three out of four cases occurred in maxillary
incisors with absent ferrule. All the cases took place at the end of
the follow-up period. Only one case of post debonding occurred.
It happened at the beginning of the study. Post dislodgment is
usually the result of an adhesive failure from a marginal gap
formation which exists between the tooth and the restoration, or a
consequence of an incorrect root canal cleaning and preparation
for adhesion. The failure could be solved, and the same post was
bonded again. The periapical lesion required endodontic
retreatment. Crown cement failure and marginal gap formation
could be solved and the teeth were maintained in clinical service.

In disagreement with other fiber post studies, two cases of
root fractures were observed. None of them could be recovered,
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(Fig. 2) occurred in a patient with a complete mandibular arch
and a very reduced maxillary arch, with bruxing habits, in a
maxillary left lateral incisor without ferrule. It took place 6
months after the beginning of the study. The occlusal im-
balance and the absence of ferrule might be the reasons for its
failure. The second one (Fig. 3) occurred in a maxillary left
central incisor, with a previous cast post treatment, in a com-
pletely dentate patient. It happened after 1 year of being placed.
This tooth had an at least 2 mm high ferrule. Its failure might be
a consequence of non-observed microfractures by the retreat-
ment. Besides, flared canals could be more susceptible to frac-
ture because of the thin walls remaining. The Ferrari ef al’"
study showed a significant difference in failure rate between
teeth restored with cast posts and cores and fiber post-retained
restorations. Nine percent of the cast posts had root fracture.

The incapacity of the applied statistical test to identify any
significant outcome may be primarily related to the relatively
rare occurrence of failures and the short follow-up period. A
study with a larger sample and a longer follow-up period could
permit identification of the real reasons for failure and plan for
future treatments.

Further studies should evaluate some essential baseline
factors regarding occlusion determinants (type of occlusion,
canine or group guidance, horizontal and vertical overlap,
absent/present teeth, and absent/present parafunction).
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