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IN BRIEF

® An updated review of the literature
relating to the ferrule effect with
particular emphasis on the less explored
elements of this accepted concept.

® Presents a classification based on risk
assessment for the various clinical
presentations of broken down teeth.

® Provides updated clinical guidelines on
how to approach teeth with advanced
structure loss that are to be restored.

The 'ferrule effect’ is a long standing, accepted concept in dentistry that is a foundation principle for the restoration of
teeth that have suffered advanced structure loss. A review of the literature based on a search in PubMed was performed
looking at the various components of the ferrule effect, with particular attention to some of the less explored dimensions
that influence the effectiveness of the ferrule when restoring severely broken down teeth. These include the width of the
ferrule, the effect of a partial ferrule, the influence of both, the type of the restored tooth and the lateral loads present

as well as the well established 2 mm ferrule height rule. The literature was collaborated and a classification based on risk
assessment was derived from the available evidence. The system categorises teeth according to the effectiveness of ferrule
effect that can be achieved based on the remaining amount of sound tooth structure. Furthermore, risk assessment for
failure can be performed so that the practitioner and patient can better understand the prognosis of restoring a particular
tooth. Clinical recommendations were extrapolated and presented as guidelines so as to improve the predictability and
outcome of treatment when restoring structurally compromised teeth. The evidence relating to restoring the endodontic
treated tooth with extensive destruction is deficient. This article aims to rethink ferrule by looking at other aspects of this
accepted concept, and proposes a paradigm shift in the way it is thought of and utilised.

INTRODUCTION

When a tooth has suffered significant
structure loss, the restorative options may

include restoring the tooth with multiple
involved procedures or extracting the
tooth. When restoring these cases, the
restoration’s ability to brace solid sound
tooth structure is the key for long-term
success.! However, often the practitioner is
presented with a clinical dilemma, since a
more predictable solution may be available
and indicated, and saving such teeth may
result in compromised periodontal support,
aesthetic complications and sometimes
damage to adjacent teeth.

Naturally, the literature discussing the
restoration of severely damaged teeth
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often coincides with the literature discuss-
ing the restoration of endodontic treated
teeth, however, the concepts presented in
this paper are also applicable to severely
broken down teeth that are vital.

The challenge of restoring pulpless teeth
has been described to be directly associated
with the extensive loss of natural tooth
structure that is frequently seen in these
teeth.? Furthermore, it has been well estab-
lished that the longevity of a root treated
tooth is directly related to the amount of
remaining sound tooth material.’-

Routinely, endodontic treated teeth that
have lost a substantial amount of natu-
ral tooth structure are treated with full
coverage restorations.® Often additional
procedures including a post and a core
and/or crown lengthening surgery may
be indicated. Such treatments are recom-
mended even though it is acknowledged
that the incorporation of these proce-
dures will further reduce the amount
of sound tooth structure, thereby pos-
sibly further compromising the tooth.’
Some of the currently accepted clinical
guidelines as to how to approach such
teeth may be oversimplified, and for this

reason some of the fundamental princi-
ples have been reviewed and rethought.
Since it is difficult to quantitatively assess
the amount of remaining tooth structure
in a clinical setting, guidelines aimed at
aiding the ability to accurately assess
the condition of a given tooth are of
prime importance.

The incorporation of the concept of
‘ferrule’ or ‘the ferrule effect’ has been
accepted as one of the foundations of
the restoration of the endodontic treated
tooth. The origin of the term is thought to
come from the Latin terms ‘ferrum’ - iron,
and ‘viriola’ - bracelet, such that the fer-
rule is an encircling band of cast metal
around the coronal surface of the tooth.
The rule established is that a 1.5-2 mm
ferrule height directly above the margin
improves long-term survival of endodon-
tic treated teeth with a post and core.®"
The cast restoration encircles the remain-
ing parallel walled tooth structure with a
metal band thereby ‘bracing’ the tooth,
providing resistance to dislodgement and
preventing fracture.

It should be clear that the term ferrule
is often misinterpreted. It is often used as
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an expression of the amount of remaining
sound dentine above the finish line. It is
in fact not the remaining tooth structure
that is the ‘ferrule’ but rather the actual
bracing of the complete crown over the
tooth structure that constitutes the ferrule
effect, ie the protection of the remaining
tooth structure against fracture.”” Various
different ferrule designs have been sug-
gested but currently there is little research
supporting one design over another.” Most
publications discuss the required height
of ferrule, however, other design charac-
teristics like dentine thickness, location
of the remaining dentine walls, and the
loads the restoration has to withstand were
not considered.

Posts are frequently used for the reten-
tion of a core material in teeth that have
had extensive loss of coronal tooth struc-
ture.”’ Their use, however, may increase
root fracture due to excessive pressures
during insertion or because of lateral
movement of the post within the root, thus
ironically increasing the risk of root frac-
ture**?** and treatment failure.>* Therefore,
the use of a correct ferrule design is of par-
ticular importance in teeth restored with
post and cores.*

Since placing crown margins sig-
nificantly subgingivally is not advisable
because of the violation of biologic width,
the quest for the perfect ferrule may lead to
the incorporation of treatments like crown
lengthening and/or an orthodontic extru-
sion.>?” Clearly, this presents a dilemma
as crown lengthening surgery may result
in a poorer crown to root ratio, compro-
mised aesthetics, loss of the inter-dental
papilla and a potential compromise of the
support of the adjacent teeth. Orthodontic
intervention may resolve some of these
risks, however, the crown to root ratio
may still be compromised and it adds sig-
nificant time and an additional fee to the
whole procedure, making it, in many cases,
non-feasible. For this reason the authors
found it necessary to explore the existing
parameters of the ferrule effect as it stands
in the literature.

The aim of this paper is threefold: 1)
To review the literature relating to the
ferrule effect; 2) To classify the differ-
ent clinical presentations of broken down
teeth; and 3) To suggest clinical guide-
lines to enable treatment planning of
compromised teeth.

PART 1: LITERATURE REVIEW

The literature explores many aspects relat-

ing to both the quality and quantity of

remaining tooth structure to be restored,

and the bracing by the crown of this tooth

structure. Four direct factors (a-d) influ-

encing the ferrule were examined, as well

as two additional indirect factors (e-f)

that may influence the functionality of

the ferrule:

a) Ferrule height

b) Ferrule width

¢) Number of walls and ferrule location

d) Type of tooth and the extent of lat-
eral loads

e) Type of post

f) Type of core material.

a) Ferrule height

The overwhelming majority of the litera-
ture presents the importance of having
enough height of dentine to be embraced
by the crown. A ferrule of 1 mm of vertical
height successfully doubled the resistance
to fracture versus teeth without a ferrule,
and appears to be the minimal acceptable
amount of ferrule height.” Other studies
have shown the maximum benefit to be
achieved out of having 1.5-2 mm vertical
tooth structure.”'**** Some authors sug-
gest that the crown must extend at least
2 mm beyond the tooth core junction to
ensure a protective ferrule effect,’** or that
even 3 mm of height provides even further
fracture resistance.”” What seems clear is
that the greater the height of remaining
tooth structure above the margin of the
preparation, the better fracture resistance
provided.*®

b) Ferrule width

Although there is relative consistency in

the dental literature supporting the 2 mm
height rule, some questions have been
raised in the literature as to the signifi-
cance of the remaining axial wall thick-
ness of dentine and its role in preventing
tooth fracture.*® Some papers have impli-
cated the amount of residual axial tooth
structure to be significant in resisting
fracture,*-** whereas other papers have
excluded the width of shoulder preparation
and crown margin as a significant factor.**
It does, however, appear to be a topic that
needs further exploration, especially since
aesthetic demands often require aggressive
preparations at the margin, or previously

existing buccal lesions may severely
compromise the thickness of the buccal
dentine wall.

Clinically it is generally accepted that
walls are considered ‘too thin’ when they
are less than 1 mm in thickness, such
that the minimal ferrule height is only
of value if the remaining dentine has a
minimal thickness of 1 mm.**?” No papers
that looked at the effect of having a den-
tine thickness of less than 1 mm incorpo-
rated as part of the ferrule were located
by the authors.

Tjan and Whang?® looked at four groups
of varying thicknesses: 1 mm, 1 mm with
a 60° bevel, 2 mm and 3 mm of remain-
ing buccal dentine. No significant differ-
ences were noted between the different
groups other than that the two groups of
1 mm thick dentine were more likely to
fail due to fracture rather than cement fail-
ure. Similarly Sorenson and Engleman in
1990 seemed to negate the importance
of dentine thickness. However, their paper
looked at the thickness of dentine at the
margin when using various contra-bevel
ferrule designs, rather than at the thick-
ness of the coronal extension of dentine.
It is the thickness of the coronal extension
above the crown margin that is thought to
have significance in the fracture resistance
of crowned teeth.

In 1990 Joseph and Ramachandran®’
looked at the effectiveness of incorpo-
rating a cervical collar into the prepara-
tion with differing buccal thicknesses of
dentine. The authors concluded that the
thicker dentine of 2 mm increased the
resistance to fracture, however, the pres-
ence of a cervical collar had no influence
on the point of failure. In general there
is no consensus regarding contra-bevel
ferrule designs, or the incorporation of a
cervical collar and therefore these designs
are not widely accepted.

A laboratory study by Gegauff in 2000*
investigated whether crown lengthening
decoronated premolars so as to achieve
an acceptable ferrule height improved the
fracture resistance of these teeth. He con-
cluded that it did not improve the fracture
resistance of these teeth. The question
was raised by Hinkfuss and Wilson,* as
to whether the reason the ferrule did not
prove to be effective in this study was
because the teeth used in Gegauff’s study
were mandibular premolars. These teeth
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have conical roots, therefore although by
performing crown lengthening, an added
dentine height results, a decrease in den-
tine width at the margin is inevitable after
the tooth is further prepared for a new
margin. This is possibly the cause for their
poorer fracture resistance results. In their
own study Hinkfuss and Wilson attributed
the increased fracture resistance witnessed
with the incorporation of a 2 mm ferrule
to be attributed to the use of molar teeth
with a thick amount of remaining dentine
(2.4 mm). Perhaps the thickness of axial
dentine after crown preparation has more
of a role than previously thought? They
concluded that further investigation needs
to be done as to the effect of remaining
dentine thickness on endodontic treated
teeth prepared for crowns.

¢) Number of walls
and ferrule location

Another aspect that should be re-thought
is the assumption that a full ‘all around’
ferrule is needed in every case. This has
substantial clinical significance. Caries fre-
quently affects some walls (primarily the
proximal ones), but not others, and erosion
and abrasion more commonly affect only
the buccal walls. Similarly, tooth prepa-
rations aiming to achieve maximum aes-
thetics may result in remaining low and/
or excessively thin buccal walls. In each
of these examples it is common for only
a partial ferrule to remain after crown
preparation.

Various studies have demonstrated the
superiority of a uniform all around fer-
rule over a ferrule that varies in different
parts of the tooth.**** However, the concept
of partial ferrule should not be ruled out.
The literature suggests that a non-uniform
ferrule is still superior to no ferrule at all.
Al-Wahadni ef al. in 2002** looked at the
presence of a partial ferule on anterior
teeth. They compared having no ferrule to
having 3 mm or more height of ferrule on
the buccal surface alone. They concluded
that teeth with retained buccal dentine of
3 mm height, but no other dentine walls
remaining, had significantly higher resist-
ance to fracture compared to the control.
Heights greater than 3 mm did not produce
statistically significant improvements.

Ng et al.”® investigated the common clin-
ical scenario of only a partial ferrule being
present due to destruction by the caries

process. They suggest that it is the location
of sound tooth structure to resist occlusal
forces that is more important than having
360° of circumferential axial wall dentine.
They depicted an in vitro replication of
the maxillary incisor scenario. Their results
showed that having good palatal ferrule
only is as effective as having a complete
‘all around’ ferrule, as this tooth structure
will resist the forces applied in function to
the palatal surface of the maxillary incisor.
Similarly, a maxillary incisor that is only
missing the palatal wall despite the pres-
ence of three other favourable walls shows
poor fracture resistance and is at greater
risk of failing than some conditions with
fewer walls remaining, for example when
both the mesial and distal walls are miss-
ing. This is because when the palatal wall
is missing, the non-axial load from the
palatal side in a maxillary anterior crown
challenges the post/core/root junction.
When a palatal wall is present, it is the
remaining wall that resists the load.

Alternative results, however, by
Arunpraditkal ef al. in 2009,* negated the
relevance of the site of the missing wall,
when only one wall was deficient in hav-
ing adequate ferrule. Their study showed
that although the lack of a buccal wall
displayed the poorest mean failure load,
their result was not statistically significant.
It should be noted, however, that even
though their study did not find significance
in the location of a single missing wall on
mandibular second premolars, this study
was performed using a static load from the
buccal direction which does not accurately
reflect the clinical setting - neither the
direction of the load nor the nature of the
load. They acknowledge that the direction
of the load may be the critical point and
using a thermocycling/fatigue model may
have more accurately depicted the clinical/
functional setting. If this had been done,
the missing buccal coronal wall may have
had more significance than their results
showed. Thus, there is evidence to suggest
that a partial ferrule, although not as ideal
as a full 360°, 2 mm ferrule, still has value
in providing fracture resistance.

d) Type of tooth and
the extent of lateral load

Two factors distinguish anterior from
posterior teeth: their relative size and the
direction of loads they need to withstand.

An analysis of force distribution in dif-
ferent teeth shows that anterior teeth are
loaded non-axially and posterior teeth
in normal function have the majority of
the load in an occluso-gingival direction.
Lateral forces have a greater potential to
damage the tooth-restoration interface
when compared to vertical loads.*

Literature reviews by Torbjorner and
Fransson**** concluded that favourable
occlusal prosthesis design is probably more
important for survival of structurally com-
promised endodontic treated teeth than is
the type of post used, as non-desirable
forces introduced by way of an inter-
ference on the restoration are a risk for
fatigue fracture of teeth.

Hence, a differential approach needs to
be adopted when it comes to the restoration
of anterior and posterior teeth. Deep bite
situations, parafunction and dietary habits
may further increase the risk for anterior
teeth. In posterior teeth, occlusal scheme
patterns and cuspal heights significantly
influence the type and direction of load
that is applied to each tooth. Group func-
tion situations, especially when the buccal
cusps of the maxillary teeth are long, gen-
erate higher lateral forces, when compared
to canine guidance situations.*®*’ Similarly
posterior teeth with high cusps translate
higher lateral forces when compared to
severely worn down teeth. Noteworthy
wear faceting also implies the presence of
high loads. Force vectors which have a sig-
nificant lateral component, when cusps are
present, may change into mainly vertical
vectors once cusps are flattened.*®

For this reason, conclusions drawn
from literature relating to the restoration
of anterior teeth should not automatically
be assumed for the posterior teeth and
vice versa. It is recommended that before
restoring a tooth, a thorough review of
the occlusal pattern as well as functional
and parafunctional forces is performed, as
these will influence the success of the final
restoration of the particular tooth.?

e) Type of post

The dental literature relating to the dif-
ferent types of posts presents too many
variables to enable a true comparison
between all available post types. The pro-
fession lacks long-term clinical results
with a high level of evidence pertaining
to survival data for various post systems.*
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No universal recommendations have been
established, however, many studies dem-
onstrate that the presence of a ferrule of
1.5-2 mm sound coronal tooth structure
between the core and the finish line is
more important in fracture resistance than
the post design or type.'8!193049
Alternatively, new evidence is continu-
ally emerging favouring the reinforcement
abilities of fibre reinforced composite
posts. A study by Saupe in 1996 reported
no difference in fracture resistance of teeth
with bonded posts with or without a fer-
rule. However, this result should be inter-
preted with caution as although bonded
posts are reported to strengthen the root
initially,”! the strengthening effect may
be lost over time.>>* This is thought to
possibly be due to fluid leakage through
the apical foramina and lateral canals.*®
Furthermore, bonding to radicular den-
tine has been shown to be less reliable
than bonding to coronal dentine.>>*® This
places further speculation on the ability of
bonded posts to reinforce teeth enough to
protect against fracture. Likewise, Oliveira
in 2008 found that endodontic treated
teeth restored with bonded fibre posts and
composite cores did not show altered frac-
ture resistance with varying amounts of
ferrule height from 0-3 mm.”” Their study
was conducted on maxillary canines -
the largest and most sturdy tooth in the
mouth - and therefore it seems reasonable
to question the influence of the bulk or
thickness of the remaining dentine in addi-
tion to the reinforcing effect of the bonded
post/core restoration as playing a part
in the fracture resistance of these endo-
dontic teeth restored with bonded fibre
posts and composite cores. Overall, fibre
reinforced composite posts have shown
positive results when compared to metal
posts. Despite their significantly lower load
bearing values, their performance is con-
sidered favourable because failure of this
type of post seems to be protective of the
remaining tooth structure by displaying a
more favourable failure pattern, with vir-
tually no root fracture.””*° Fracture of the
remaining tooth structure has been shown
to occur more occlusally with fibre posts,
making these failures restorable vs. a more
apical positioned fracture occurring with
metal posts, rendering such teeth non-
restorable. It can therefore be concluded
that although the profession embraces the

needs for ferrule, in compromised cases
where a good ferrule is not attainable, it
might be desirable to restore a tooth with a
bonded post rather than a metal post.

Nevertheless, cast posts or even bonded
cast posts have been recommended
over resin based fibre posts in many
instances.®*? However, clear guidelines for
situations when one type of post is favour-
able over another post are not available
and further laboratory and clinical studies
are still necessary.?»266364

f) Core materials

The core material may be a further influ-
encing factor on the effect the differing
thickness of remaining dentine has on the
functionality of the ferrule. Composite
resin with a dentine bonding agent has
frequently been implicated as a material
that can strengthen the tooth and rein-
force cusps compared to amalgam.t>¢®
Teeth with wide MOD cavities restored
with amalgam have repeatedly shown cusp
failure due to the inability of this material
to strengthen weakened cusps.® This is true
both because amalgam does not bond to
tooth structure and it requires undercuts
for retention, which weakens the remain-
ing walls. Alternatively, multiple studies
have shown improved fracture resistance
in teeth with MOD cavity preparations
restored with composite resin or fibre rein-
forced resin.”*7?

It can be extrapolated that dentine bond-
ing agents coupled with composite materi-
als may reinforce residual tooth structure
of prepared teeth, and may be beneficial
when only thin dentine ferrule remains.
The effect of bonded composite and how
much it is able to reinforce the remain-
ing dentine of varying thicknesses has not
yet been thoroughly studied. The current
literature is contradictory. Several studies
demonstrate bonded restorations reinforc-
ing tooth structure.>’®”” Others show frac-
ture strengths similar to unrestored cavity
preparations.’®”

Another question to be addressed is what
is the amount of dentine reinforcement
that can be achieved in thin walled roots
with a thin layer of resin cement with a
metal post as opposed to resin based posts
and resin based core materials.®* A thin
layer of resin cement used to bond a post
to the radicular dentine may be the key to
the dentine reinforcement rather than the

type of post/core material used per se.*

Some investigators® have suggested based
on in vitro studies that prefabricated posts
bonded with resin cement and composite
resin cores fail to demonstrate a difference
between restored endodontic treated teeth
with or without remaining coronal tooth
structure between the core and the prepa-
ration margin. The ability of the bonded
post to negate the need for the commonly
accepted ferrule, as well as the effect of
bonded materials in variable dentine thick-
nesses, needs further investigation. Since
there is no consensus, currently it is not
accepted that resin based bonded materials
are able to improve the prognosis of a struc-
turally compromised tooth, however there
are instances where using such materials
may aid the clinical situation.

PART 2: FERRULE CLASSIFICATION

Although current literature does not

present a uniform description and design
of the ideal ferrule, a classification that
is based on the remaining tooth structure
would be of value to the profession. Such
a classification will enable the creation of
standardised guidelines for treatment, and
will enable researchers to evaluate pub-
lished articles or plan future research uti-
lising a uniform key for tooth evaluation.

A classification of single rooted pulpless
teeth based on the amount of remaining
supra-gingival tooth structure has been rec-
ommended by Kurer in 19918 to aid with
treatment planning the endodontic treated
tooth. This classification described five
classes of pulpless teeth: 1 with sufficient
coronal tissue for a crown, 2 requiring a
core, 3 with no coronal tooth structure and
4 and 5 with deep fractures and periodontal
complication respectively. As suggested by
Stankiewicz and Wilson,’ the classification
could be of more value if a subgroup were
included that accounted for the presence of
a minimal effective ferrule.

The proposed classification considers
the amount of remaining tooth structure
available to be incorporated into the fer-
rule effect in a given tooth, so that the risk
of mechanical failure can be judged and
appropriate treatment options selected.
Ideally, a tooth should be classified before
preparation, but with the desired prepara-
tion in mind, so that the practitioner can
make adjustments to the plan in order to
make sure that maximum thickness and
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Height > 2mm Thickness >1Tmm

4 walls

Distal or

A: No
anticipated risk

1

3 walls

Mesial missing
Buccal
2 walls Lingua1
Buccal or
Lingual missing

3 walls

Light lateral loads

Heavy Iateral loads
C: Medium risk

Mesial

Distal

i

Light lateral loads

Heavy lateral loads

A 4

D: High risk

i

Non restorable

Fig. 1 Risk assessment analysis

Fig. 2 Type A: No anticipated risk of
mechanical failure

height of the remaining tooth structure

are preserved. Clinical guidelines are sug-

gested based on conclusions drawn from
the review of current literature.

Four aspects relating to the remaining
natural tooth structure were considered
important factors to be considered when
analysing the potential ferrule present in
a structurally compromised tooth. These
aspects are:

a) The height of remaining dentine after
tooth preparation. A wall is consid-
ered to contribute to the ferrule only
if it is 2 mm of height and continues
along more than half of the tooth
surface

b) The thickness of remaining dentine
after tooth preparation. A wall is
considered to contribute to the ferrule
only if it is 1 mm thick

¢) The number of remaining dentine

walls, and their location (location is
represented by corresponding side)

d) The lateral vectors of load on the
tooth. These are defined as light lateral
loads or heavy lateral loads based on
the type of tooth and occlusal scheme.

These factors enabled the authors to
develop a classification based on risk
assessment (Fig. 1).

Category A: No anticipated risk

Sound dentine walls remaining all around
the tooth, with height greater than 2
mm and with a minimum thickness of 1
mm. Such teeth do not present an antici-
pated risk for structural or mechanical
failure (Fig. 2).

Category B: Low risk

Compromised or no ferrule present on
either proximal surface. (ie less than 2
mm height and/or 1 mm thickness) OR
two compromised proximal walls on a
tooth that undergoes light lateral loads.
Such teeth present low risk for structural
or mechanical failure.

Category C: Medium risk

Two compromised proximal walls on a
tooth that undergoes heavy lateral loads
OR a compromised buccal or lingual wall
on a tooth that undergoes light lateral
loads. Such teeth present medium risk for
structural or mechanical failure.

Category D: High risk

A compromised buccal or lingual wall
on a tooth that undergoes heavy lateral
loads OR a compromised buccal, and lin-
gual wall on any tooth OR a tooth that
has only two adjacent walls or only a
single wall remaining. Such teeth present
high risk for structural or mechanical
failure and alternate treatment modali-
ties should be considered and may be
more appropriate.

Category X

No ferrule can be established, such that the
tooth is non-restorable.

Actual treatment rendered will be deter-
mined based on considering the entire
dentition and attachment apparatus, as
well as individual patient risk factors
and expectations.

PART 3: SUGGESTED
CLINICAL GUIDELINES

A careful plan of the desired preparation,
which maximises ferrule strength, will
minimise the risks when restoring severely
broken down teeth.

In addition to the traditionally accepted
consideration of ensuring adequate ferrule
height, the additional aspects that the lit-
erature supports to be incorporated when
restoring teeth are: a) the width of remain-
ing dentine, b) the number of walls remain-
ing and their location and c) the type of
tooth and the lateral load on that tooth.

a) Width considerations

Techniques aimed to restore aesthetics of
anterior teeth require significant reduc-
tion of tooth structure. Beautiful ceramic
restorations require thickness of at least
1.5 mm at the margins to allow for ade-
quate aesthetics.?? This type of preparation
reduces dramatically the thickness of the
remaining dentine in the most critical area
- the margin in the cervical area of the
tooth. The cervical region of the tooth is
the area subject to bearing the most stress
in function and is where the majority of
fractures occur'® and wide margin prepa-
rations therefore further weaken the tooth
at its most critical area. Soew, Toh and
Wilson® looked at the amount of remain-
ing dentine width after preparations for
various types of restorations. Inlay/onlay
preparations left more dentine thickness
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than did metal ceramic crowns, which in
turn left more dentine thickness than did
the all-ceramic crown preparation. They
concluded that decisions as to the type of
definitive restoration to restore the endo-
dontic treated maxillary second premolar
should be influenced by the amount of
thickness of the remaining tooth tissue.

Similarly special care needs to be taken
with axial reduction in young patients,
where the teeth have relatively large pulps
and a resultant decreased thickness of den-
tine. For these reasons, it is the recommen-
dation of the authors that the preparation
of such or small teeth will be differential,
with minimal preparation on the palatal
and non-aesthetic walls, and that metal
or a thin all ceramic core coping are used,
in order to ensure maximum thickness of
the dentinal walls that do not influence the
aesthetics of the final restoration.

Root canal treatment and post space
preparation of teeth with thin root config-
uration often leaves less than the recom-
mended 1 mm residual dentine thickness,
even before the tooth has been prepared
for a crown.® For this reason, these teeth
frequently display a poorer prognosis
resulting from their root anatomy.*® In
these situations it is often wise to try and
avoid post preparation and/or crown-
ing these teeth so as not to compromise
them further.

b) Partial ferrule considerations

Although it is clear that a full 360° fer-
rule is desirable, there are clinical circum-

stances where adopting a partial ferrule is
still better than the alternative treatment
options. In general the more walls of fer-
rule present, the better the fracture resist-
ance, but sometimes it is not the number
of walls that are the focus of consideration,
but rather the location of these walls.
Most of the forces in the posterior seg-
ment of the mouth are occluso-gingival
and bucco-lingual in nature and therefore
it is reasonable to assume that oral forces
do not challenge a tooth that lacks a full 2
mm ferrule on the proximal side/s as much
as when the buccal and/or lingual walls
are missing. In anterior teeth, where the
load is generally bucco-lingual and lacks
the occluso-gingival force component,
the location of the wall becomes crucial.
Since maxillary anterior teeth are loaded
from the palatal, adequate ferrule on the

lingual aspect of maxillary anteriors is of
prime importance so as to resist the load.”®
Similarly mandibular anterior teeth are
loaded from the buccal and here the pres-
ence of a buccal wall to resist the load is
the one that has the most significance.

In both anterior and posterior teeth
deep proximal boxes are a common out-
come of interproximal caries, which com-
monly results in a compromised ferrule in
these areas. Therefore, a clinical decision
needs to weigh the benefits vs. the risks
of achieving an ‘all around’ uniform fer-
rule. The clinical implications of a crown
lengthening procedure with the risk of
damaging adjacent teeth should be evalu-
ated against the biomechanical risks of
a crown that does not have a 360° fer-
rule. When extensive lateral forces are not
anticipated, it appears that a non-complete
ferrule may be a more appropriate alterna-
tive if it is the proximal wall/s missing. This
idea should be adopted for the treatment
of such teeth as an attempt to minimise
damage to the neighbouring teeth, and to
preserve as much bone as possible for a
future implant should it become neces-
sary. Further research should aim to look at
this question.

c) Type of tooth and
lateral load considerations

Not all teeth withstand the same type of
loads. Even the same type of tooth may
withstand different forces, depending on
the patient’s occlusal scheme and their
position within the arch.

Molars: In ideal occlusion, molars usu-
ally withstand forces that are mainly verti-
cal in nature and the lateral load on these
teeth is less influential. In group function
situations, and when cusps are high, the
lateral vector may be significant. In the
common scenario of severe loss of inter-
proximal tooth structure, but thick buccal
and lingual walls are present, it is recom-
mended that preparations aim to keep as
much of the buccal and lingual walls as
possible, and aim to minimally pass the
core/tooth junction in the proximal areas
without violating the biologic width. When
the buccal and/or lingual walls are also
compromised, or when extensive lateral
forces are anticipated, additional ferrule on
the proximal sides should be considered.
In these cases, the pros and cons of crown
lengthening must again be evaluated

and may be chosen as the preferred
treatment modality.

It is the recommendation of the authors
that a partial coverage restoration should
be considered if it is anticipated that
after crown preparation the buccal and/
or lingual walls will have less than 1 mm
remaining dentine thickness. In these
cases, the use of an onlay may enable the
preservation of walls that may be elimi-
nated if a full crown preparation is made.

Premolars: When it comes to lateral
loads, premolars may function either as
molars or as anterior teeth. Mandibular
premolars present a unique problem. Since
their lingual cusp is small, the remaining
lingual wall may be lost in part while pre-
paring the tooth for a crown. Since aes-
thetics are not a major concern in this area,
a minimal preparation approach should be
chosen on the lingual side. However, even
if the lingual wall on these teeth is compro-
mised, biomechanically this is not a haz-
ardous situation since in most cases, forces
are applied from the buccal area towards
the lingual, making the buccal wall more
significant for this specific tooth.

Maxillary premolars, on the other hand,
withstand lateral forces from the lingual
to the buccal direction. The buccal cusps
are usually long, and even in canine pro-
tected occlusion some lateral forces may
be present at the onset of the lateral move-
ment. For this reason, a more favourable
bucco-lingual ferrule is crucial. In con-
trast to molars, maxillary premolars are
within the aesthetic zone, requiring sig-
nificant buccal reduction, and often can-
not undergo significant crown lengthening
without compromising aesthetics, and often
have a less desirable root configuration. A
detailed plan of the preparation is neces-
sary in order to preserve as much tooth
structure as possible, so the longevity of
the tooth and the restoration is ensured.

Anterior teeth: In ideal occlusion, these
teeth are always exposed to relatively high
lateral vectors of force. This becomes even
more significant in deep bite situations.
Furthermore, maxillary anterior teeth
(including the canines) require careful atten-
tion to aesthetics, and therefore demand an
aggressive buccal reduction. As with man-
dibular premolars, it may be wise to preserve
the lingual aspects of anterior teeth by using
a metal lingual surface, that is not visible, to
ensure maximum structural durability. This
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approach is recommended especially when
the natural tooth structure is significantly
deficient or when the occlusal scheme indi-
cates eg deep bite situations.

d) To crown or not to crown?

It should be emphasised that there is no
consensus regarding the preferred type of
final restoration for endodontic treated
teeth.®” Although the overwhelming major-
ity of the literature supports the need for
full coverage restorations of most endo-
dontic treated teeth, and a strong asso-
ciation between the success of endodontic
treated teeth and crowned teeth has been
shown,®* alternatives have been sug-
gested too. These include using complex
amalgam restorations,”* overlays® or
composite restorations.®”*> More recently
partial restorations like indirect onlays
have been suggested as a restoration that
preserves more sound tooth structure than
does a full coverage crown while at the
same time provides cuspal coverage to
protect weakened cusps.” By implement-
ing the proposed risk assessment classifi-
cation of the remaining dentine in severely
broken down teeth, practitioners will
consider alternative methods of restoring
these teeth.

The need for crowning a tooth is directly
related to its mechanical weakening due to
previous restorations, decay and/or endo-
dontic access cavity preparation. Previous
beliefs that the mechanical weakening of
endodontic treated teeth was due to the
difference in moisture content when com-
pared to vital teeth has been disproven.”
On the contrary, no significant biochemical
change, indicating that endodontic treated
teeth are more brittle, has been demon-
strated.”® It is now accepted that cuspal
deflection and thickness of the residual
walls and cusps are the key factors. As
cavity size increases, especially after endo-
dontic access,”® and the marginal ridges
are lost, structural stability decreases.””?®
For this reason, the use of alternative res-
torations should be considered for certain
clinical presentations, due to their abil-
ity to preserve thick residual walls bet-
ter than do crowns. Alternatives include
gold crowns and more recently, minimal
preparation composite crowns with a 0.5
mm chamfer finish line, bonded with resin
cements.” Similarly, cuspal coverage direct
or indirect composite restorations have

Select desired
type of full
coverage crown

Plan the most
minimal
preparation type

Remove all
restorative materials
from tooth and assess
remaining structure

If crown IS
NOT feasible

Inform patient of risk
and an alternative
cheaper interim
option is selected

Crown IS feasible

Risk assessment to
determine feasibility
of achieving planned

preparation

Initial minimal
preparation

Assess need for post
and/or core based on
remaining dentine

Finalise preparation

Fig. 3 Treatment protocol for approaching teeth to be restored with full coverage restorations

been advocated for use in molar teeth
so as to eliminate the need for axial wall
destruction.®®'®With the improved wear
characteristics the newer composites are
showing this type of restoration may be
an option, particularly in teeth of poorer
prognosis, as currently there is sparse
long-term information on the longevity of
cusp-replacing composite restorations.'*
These non-conventional solutions for the
restoration of endodontic treated teeth still
need in vivo testing.

e) Proposed protocol for restoring
teeth with full coverage crowns

Since crown preparations which produce
highly aesthetic crowns are often aggres-
sive and may compromise the structural
durability of the tooth, careful planning
of the preparation, as well as assessing the
potential weakening of the tooth if aes-
thetics is the ultimate goal, must be prac-
tised as the first step. A minimum of 2 mm
ferrule height all the way around is the
accepted dimension used, and is usually
visible after crown preparation. However,
teeth that have already been restored with
posts and/or cores have an unknown
thickness of remaining sound dentine. In
these situations it is advisable to assume

that only a minimal amount of dentine

is available. For this reason preparing a

tooth with no core in it is beneficial, since

when looking at a prepped tooth without
the presence of a core, a correct analysis
of the height, thickness and location of
available dentine walls is possible. Root
anatomy must also be taken into consid-
eration as conical roots or bifurcated upper
first premolars may result in thin remain-
ing dentine. Based on the literature review
and the discussion, the authors propose the
following protocol for treatment planned
for a full coverage crown (Fig. 3).
A. Determine if a crown is feasible:

e Select desired type of full coverage
crown after consideration of aesthetics
vs. structural durability

e Plan the most minimal preparation
type that will achieve your goal,
and acknowledge the most ideal
preparation for the selected restoration

Remove all restorative materials and
evaluate the remaining dentine height,
thickness and location/s:

o In situations where minimal tooth
remains the patient is informed of
the risk assessment accompanying
the tooth. An alternative and
less expensive option (such as a
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composite restoration or a core and
post) should be considered as an
interim solution.

B. If a crown has been determined
feasible:
e Perform a minimal preparation, based
on your initial plan

Further risk assess the remaining
tooth structure, and alter your

plan accordingly. If the remaining
thickness of dentine enables a thicker
preparation to be safely performed,
do so. Otherwise discuss refining your
plan with the patient to a crown that
requires less preparation

Post and/or core - evaluate the need of
a post, based on the remaining tooth
structure’s ability to retain the core.
Restore core material as appropriate
Finalise preparation - ensuring an
optimum balance between aesthetic

needs and structural durability.

For all compromised situations a risk-
benefit analysis must be done to determine
if procedures aimed at improving ferrule
(crown lengthening surgery or orthodontic
extrusion) will successfully provide more
ferrule (both height and width) without
unduly compromising the tooth’s sup-
port or any surrounding structures. This
analysis should be done before prepara-
tion begins so as to determine feasibility of
restoring with a crown and again after the
initial preparation so as to adapt prepara-
tion design as necessary.

CONCLUSION

This paper has drawn together the various
elements relating to one of the most impor-
tant aspects when restoring the structurally

compromised tooth - the ferrule effect. The
evidence base available relating to the fer-
rule effect was pooled, and a classification
was derived, based on this evidence. The
aspects considered of prime importance
were the height of the ferrule, its width,
the number of walls remaining and their
location, and the degree of lateral load
placed on the tooth. A classification sys-
tem has been recommended so that teeth
can be allotted into groups and alternate
treatment decisions can be made based on
the risk status of the particular tooth. It
is of utmost importance to remember that
other, less invasive restoration types have

been suggested so as to be able to preserve
as much sound tooth structure as possi-
ble when restoring severely broken down
teeth. This is of particular value when the
remaining axial wall dentine thickness
is compromised.

Many aspects of the traditionally
accepted ‘ferrule effect’” have not been
extensively studied and these include the
influence of the width of the ferrule, the
effect of having a partial ferrule and the
influence that resin based materials (posts,
cores and cements) have on reinforcing the
tooth structure. A standard classification
of clinical conditions should be adopted,
so that a uniform approach and accepted
clinical guidelines can be adapted for the
restoration of broken down teeth.
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