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Fall 1s here, and
1t’s time to go
back to school

For me, autumn always brings memories of going back to school. It's always exciting to learn new
things — which is why the magazine you are holding is so valuable.

In thisissue of roots, you can find many helpful articles.

Dr. Gregory Kurtzman offers his opinion on restoration from an engineering perspective. Dr. Eric
Herbranson presentsanarticle onwhat he callsfinding the "sweet spot” between effective instrumen-
tation and maximal tooth strength. Dr. Reid Pullen describes using laser technology in a retreatment
case. There'salsoanarticle about a three-day course available at the Las Vegas Institute for Advanced
Dental Studies.

By reading the article by Dr. Kurtzman, and then taking a short online quiz about his article at www.
DTStudyClub.com, you will gain one ADA CERP-certified C.E. credit. Keep in mind that because rootsisa
quarterly magazine, you can actually chisel four C.E. credits per year out of your already busy life without
the lost revenue and time away from your practice.

To learn more about how you can take advantage of this C.E. opportunity, visit www.DTStudyClub.
com.You need only register at the Dental Tribune Study Club website to access these C.E. materials free of
charge. You may take the C.E. quiz after registering on the DT Study Club website.

[ know that taking time away from your practice to pursue C.E. creditsis costly in terms of lost revenue
and time, and that is another reason rootsis such a valuable publication. | hope you will enjoy this issue
and that you will take advantage of the C.E. opportunity.

For those of you attending the ADA meeting this fall in San Antonio, be sure to say hello in person. I'll
also be at the upcoming Greater New York Dental Meeting this November.

As always, | welcome your comments and feedback.

Sincerely,

e
P

Fred Weinstein, DMD, MRCD(C), FICD, FACD
Editor in Chief
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Restoration of
endodontic teeth: An
engineering perspective

Author_Gregori M. Kurtzman, DDS, MAGD, FAAIP, FPFA, FACD, FADI, DICOI, DADIA

This article qualifies for C.E.
credit. Totake the C.E. quiz, log
on to www.distudyclub.com.
Click on ‘C.E. articles’ and
search for this edition (Roots
C.E. Magazine — 3/2014). If
you are not registered with the
site, you will be asked to do so
before taking the quiz. You may
also access the quiz by using
the QR code below.

Fig. 1_Strain analysis of a posterior
tooth demonstrating concentration
of strain on loading at the cervical.
(Image/Provided by Dr. Gene McCoy)
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Identifying the canals and negotiating them
to be able to instrument and obturate the tooth is
necessary to clinical success. But restoration of the
endodontically treated tooth is critical to long-term
success. It does not matter if we can complete the
endodontic portion of treatment if the tooth cannot
be restored. With thisin mind, we need to look at the
restoration phase from an engineering perspective.
What is needed to reinforce the remaining tooth so
that it can manage the repetitive loading that oc-
curs during mastication? This article will discuss the
importance of ferrule in adhesive dentistry as well as
when to use posts and what materials are best.

_Ferrule: How important is it today?

Ferrule has long been an important concept in
dentistry but has been de-emphasized with the

Fig.1

bondingevolution.Yetthisconceptisasimportant
today as it was prior to dental bonding. But what
is a ferrule? A ferrule is a band that encircles the
externaldimension ofresidual tooth structure, not
unlike the metal bands thatexistaround a barrel to
hold the slats together.

Sufficient vertical height of tooth structure
that will be grasped by the future crown is neces-
sary toallow fora ferrule effect of the future pros-
thetic crown; it has been shown to significantly
reduce the incidence of fracture in the endodonti-
cally treated tooth."?

Important to this concept is the margin design
of the crown preparation, which may include a
chamfer or a shoulder preparation. Because a
chamfer margin has a beveled area that is not
parallel to the vertical axis of the tooth, it does not
properly contribute to ferrule height. Therefore,
when a chamfer is utilized it would require an ad-
ditional T mm of height between the edge of the
margin and the top aspect of the coronal portion
of remaining tooth structure.

Thus, use of achamfer may not be the best margin
design when restoring endodontically treated teeth
or those teeth with significant portions of missing
tooth structure. With today's movement toward
scanning and milling for fixed prosthetics, whether
done in the practitioner's office or at the laboratory,
itshould be noted thatitis difficult to scan the inter-
nal aspect of a shoulder preparation, and it has been
uniformly recommended that a rounded shoulder
be used. The rounded shoulder preparation provides
the maximum vertical wall at the margin, with the
internal aspect being slightly rounded versus at a
90-degree angle. This ensures better replication of
the margins when scanned and milled.
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Occlusal loading

Cuclusal loading Fig. 2

Some studies suggest that while ferrule is cer-
tainly desirable, it should not be provided at the
expense of the remaining tooth/root structure.?
Alternatively, it has also been shown that the dif-
ference between an effective, long-term restoration
and restorative failure can be as small as 1.0 mm of
additional tooth structure that, when encased by a
ferrule, provides greater protection.

When such a long-lasting, functional restora-
tion cannot be predictably created, osseous crown
lengthening should be considered to increase what
tooth structure is available to achieve a ferrule, but
this is also dependent on the periodontal status
of the tooth, and when ferrule cannot be achieved
then extraction should be considered.* Ichim, et al,
stated succinctly, "The study confirms that a ferrule
increases the mechanical resistance of a post/core/
crown restoration."®

_How much ferrule is required?

When rebuilding an endodontically treated tooth,
itis best to maintain all dentin that is available, even
thin slivers. These thin slivers of dentin provide a
strong connecting link between the core and tooth's
rootand between the crown and root.®

It is important to attempt to retain as much
tooth structure as possible, and this aids in achiev-
ing ferrule as well as maintaining cervical strength
of the tooth where loading concentrates. Under
masticatory loading, strain concentrates at the cer-
vical portion of teeth; thus it is important to avoid
over-preparation of this portion of the tooth during
endodontic treatment and preserve this area during
restoration of the tooth (Fig. 1).

0.8mm Ferrule 2.0mm Ferrule
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Occlusal Loading Fig. 4

Multiple studies discussing how much ferrule
is required have found that teeth with at least
2.0 mm of ferrule have significantly greater
long-term prognosis from a restorative stand-
point than those with less or no ferrule. Libman,
etal, reported, "Fatigue loading of cast post and
cores with complete crowns of different ferrule
designs provide evidence to support the need
for at least a 1.5- to 2.0-mm ferrule length of
a crown preparation. Crown preparation with a
0.5-mm and 1.0-mm ferrule failed at a signifi-
cantly lower number of cycles than the 1.5-mm
and 2.0-mm ferrules and control teeth."”

Libman further demonstrated when loading at
an off-axis direction, which occurs in the maxil-
lary anterior, at the restoration's margin, the side
where the load is originating is under tension,
whereas the opposing side is under compression
(Fig. 2). Thisrepetitive loading and microstrain due
totensionatthelingual marginleadstothemargin
opening, which may lead to recurrent decay and/
or failure of the endodontic seal or restoration
(Fig. 3).

Additionally, if we look at strain studies by
Libman and others comparing ferrule of different
heights, we observe that in a ferrule of 0.5 mm
there is greater strain at the margin under tension
and concentrates at mid tooth where the core
or post is situated. Teeth with 2.0 mm of ferrule
demonstrated significantly less strain loading
at the margins or center of the cervical aspect
of the tooth. The lower the strain at the cervical
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Fig. 2_As a maxillary anterior tooth
is loaded during mastication, tension
and compression occur at the
crown’s margins. (Images/Provided
by Dr. Gregori M. Kurtzman)

Fig. 3_0pening of the margin on
the tension side may lead in time to
recurrent decay or restoration and
endodontic failure.

Fig. 4_Difference of intensity of
strain and location related to ferrule
height during occlusal loading
(Libman).
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Fiber post

{low modulus)
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(high modulus)

Metal post
(high modulus)

Fig. 5_Comparison of load
distribution of fiber post, cast metal
post and prefabricated metal post.
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midpoint, the less chance of overload and failure
restoratively (Fig. 4).

_Detecting failure at the coronal seal

It is not unusual to have a patient present for
a routine recall appointment and the clinician or
hygienist note recurrent decay at a crown margin
with the patient unaware of the issue. This becomes
more complicated with teeth that have previously
undergone endodontic treatment, as there is no
pulp present that could warn the patient an issue
is present until often extensive decay occurs or the
crown dislodges from the remaining tooth.

Freeman, et al, in their published study, stated,
“Fatigue loading of three different post and core
designs with the presence of a full cast crown leads
topreliminaryfailure ofleakage between therestora-
tion and tooth that s clinically undetectable."

The literature supports that coronal leakage may
be a major factor in failure of endodontic treat-
ment®'" As previously discussed, when loaded
during mastication, margins with inadequate ferrule
may demonstrate micro opening on the tension side,
leading to leakage over time.

Thisinitially maybe observed asrecurrentdecay, but
as it deepens and exposure of the obturation material
results, failure of theendodonticsmayresultdue toapi-
cal migration of oral bacteria. This is minimized when a
bonded core or post/core is present, but given sufficient
time when a ferrule of sufficient height is not present
the endodontics or the restoration will fail.

_Do all posts function the same?

Teeth function differently, depending on the
material that the post is fabricated from, with loads

distributed within the root relative to the modulus of
elasticity of the post compared to the dentin of the
root (Fig. 5).

When a tooth restored with a fiber post does
fail due to overload, the mode of failure is coronal,
protecting remaining root and tooth structure.”This
mode of failure with fiber-post-restored teeth typi-
cally allows the tooth to be restored, as vertical root
fracture isa rare occurrence.

Bitter reported, "Compared to metal posts, FRC
posts revealed reduced fracture resistance in vitro,
along with a usually restorable failure mode""
(Fig. 6). Whereas, with metal posts either prefabricated
or cast, failure was at a higher value for cast post and
core: 91 percent of the specimens had fractured roots
(none of the specimens with a fiber post demonstrated
root fracture); and the post and core usually fractured
at the tooth composite core interface.™

As stress concentrates at the apical tip of the
metal post due to its higher modulus of elasticity
than the surrounding root, vertical root fracture is a
frequentoccurrence (Fig. 7). Thismay resultalso from
breakdown of the cement luting the post to the root,
allowing slippage microscopically of the post in the
tooth under load, leading to torque at the cervical
area and the resulting vertical root fracture.

Because metal posts are stiffer (higher modulus
of elasticity) than the dentin of the root, stress con-
centrates at the post's apical tip, leading to vertical
root fracture and catastrophic loss of the tooth.
Ansari reported, “The risk of failure was greater with
metal-cast posts (nine out of 98 metal posts failed)
than with carbon fiber posts (using which, none out
of 97 failed) risk ratio."'® But with fiber posts having
a flexibility equal to or greater than the root (lower
modulus of elasticity), stress concentrated at the cer-
vical region, leading to horizontal fracture of the post
and core; and typically the tooth can be salvaged.

The elastic modulus refers to the relative rigidity
of the material. The stiffer the material, the higher its
relative modulus. When two different materials are
placed together, such as when a post is placed into
a tooth's root, the elastic modulus is influenced by
whicheverof the materialsisstiffest. Dentinaverages
a modulus of elasticity of 17.5 (+/- 3.8) GPa, with
glass fiber posts at 24.4 (+/- 3.4) GPa, titanium pre-
fabricated posts at 66.1 (+/- 9.6) GPa, prefabricated
stainless steel at 108.6 (+/- 10.7) GPa and cast high
noble gold posts at 53.4 (+/- 4.5) GPa.

Cast posts fabricated from noble or base metals
have higher modulus then high noble alloys and
approach stainless-steel prefabricated posts in their
relative stiffness. Fiber posts have an elastic modulus
that more closely approaches that of dentin (Fig. 8).
The flexural strength of fiber and metal posts was
respectively four and seven times higher than root
dentin, and there is still debate on whether a post



strengthens the tooth.'®"” The basic purpose of a post
istoaid in retention of the core.

Theabsence ofa cervical ferrule hasbeen found to
be a determining negative factor, giving rise to con-
siderably higher stress levels within the root. When
no ferrule was present, the prefabricated metal post/
composite combination generated greater cervi-
cal stress than cast post and cores. Yet, the ferrule
seemed to cancel the mechanical effect of the re-
construction material on theintensity of the stresses.

With aferrule, the choice of reconstruction mate-
rial had no impact on the level of cervical stress. The
root canal post, the purpose of which is to protect
the cervical region, was also shown to be beneficial
even with sufficient residual coronal dentin. In the
presence of a root canal post, cervical stress levels
were lower thanwhennorootcanal postwas present.
Pierrisnard concluded that the higher the elasticity
modulus, the lower the stress levels.'®

The material the post is fabricated from should
have the same modulus of elasticity as the root den-
tin to distribute the applied forces along the length
of the post and the root and not concentrate them
atthe apical tip of the post. Studies have shown that
whencomponentsofdifferentrigidityareloaded, the
more rigid component is capable of resisting forces
without distortion. This stress is concentrated when
the post is the stiffer material at the post's apical tip.
The less-rigid component failsinvariably when a post
is used that is stiffer than the root's dentin.™

Posts with modulus of elasticity significantly
greater than that of dentin create stresses at the
tooth/cement/post interface, with the possibility of
post separation and failure. As repetitive loading
occurs on the endodontically restored tooth, the
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cement eventually fails at the interface between the
metal post and root dentin, allowing microslippage
of the post. This allows higher stresses to be exerted
ontheroot, leading toverticalroot fracture and cata-
strophic loss of the tooth. The higher modulus (rigid-
ity) of the metallic posts makes it stiff and unable to
absorb stresses. In addition, transmission of occlusal
and lateral forces through a metallic core and post
can concentrate stresses, resulting in the possibil-
ity of unfavorable fracture of the root.® Dentin's
modulus of elasticity is approximately 14 to 18 GPa.
Fiber posts have modulus that is approximately 9 to
50 GPa, depending on the manufacturer of the post.

This provides a similarity in elasticity between
the fiber post and dentin of the root, allowing post
flexion to mimic tooth flexion. The fiber post absorbs
and distributes the stresses and thus shows reduced
stress transmission to the root.?' The longitudinal ar-
rangementof fibersin the fiber postand the modulus
of elasticity of a post that is less than or equal to
that of the dentin may redistribute the stress into
the tooth and away from the chamfered shoulder to
increase the likelihood of failure of the post core\root
interface instead of root fractures.

When failure does occur due to overloading,
failure typically is in the coronal portion, frequently
demonstrating fracture of the core at the tooth in-

Fig. 6_Tooth restored with a
fiber post demonstrating coronal
horizontal fracture supracrestally,
typically seen with teeth restored
with fiber posts when overloaded.

Fig. 7_Vertical root fracture of a tooth
restored with a metal post.

Fig. 8_Comparative modulus of
elasticity of different post materials.
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