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13.1 Introduction

For many years pins have been used to assist in the retention of
restorations in both vital and pulpless teeth. A pulpless tooth, that
has had multiple restorations, extensive caries or fracture, and a large
endodontic access cavity may have insufficient tooth structure, even with
the aid of root canal post(s), to retain the core foundation. One of the
principal functions of a post is to distribute occlusal stresses over as
wide an area in the root as possible (5.2); where circumstances allow,
post retention is the preferred method of retaining the core foundation.
Therefore, most commonly pins are only used in the restoration of an

endodontically-treated tooth to provide additional retention for the core

foundation; the use of a pin or pins may also enhance the resistance to

rotational forces of the post-core foundation. When the use of posts is
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either impractical or impossible for reasons outlined in 5.3,22, the
rationale for the use of-pins becomes a more important consideration.
Retentive pins afg used clinically in different ways. The
parallel pin technique is employed in conjunction with cast restorations
and relies on a cementing agent for retention; the pins form an integral

part of the cast restoration. Non-parallel pins are either cemented,

technique (Courtade, 1966; Fusilier, 1974), Different sizes and shapes
of pins are available; some provide superior retention, others may

distribute occlusal stresses more evenly,

The purpose of this chapter is to evaluate the benefits and

endodontically-treated tooth.

For some years, the design of pin-retained restorations was
largely empirical. Research,_in recent years, has provided a scientific
basis for the design of conservative pin-retained restorations (Moffa,
1971). These scientifically established principles are discussed under
the separate headings of pin retention (13.4), stress-induced effects of

pins (13.5), microleakage (13.6), and the effect of pins on the strength

properties of the restorative material (13.7).

The majority of research comparing the differént types_of pins was
carried out in the late 1960's and n the early 1970ts. Presumably because

of the popularity of the self-threading pins, recent investigations have
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concentrated on the various designs of self-threading pins (Barkmeier
et al, 1978; Eames and Solly, 1980; Garman et al, 1980),
13.2  Parallel pin technique |

The development of intra-oral paralleling devices, improvements
in the accuracy of the indirect technique for the fabrication of cast
restorations, and a standardization of the armamentarium have probably
contributed to the simplification of this technique (Moffa, 1971, p.4).

Basically, there are two types of pins used in parallel pin procedures.

The first type of pin is made of cast gold and has a relatively smooth
sufface. The technique was originally introduced by Shooshan (1960) and
involves the use of nylon pins which are incorporated into the wax
pattern and subsequently burned out and cast as an integral part of the

- gold restoration. The shape and the sﬁrface details of the cast pin are
influenced principally by the shape and the surface roughness of the
nylon pin and by the type of investment used.

The second type of pin commonly used in this technique is the

preformed, wrought precious metal pin made of alloys of gold, platinum-

palladium, or platinum-iridium. The surfaces of these pins have been
deformed or roughened by the application of threaded or knurled patterns.
The pins are included in the wax pattern; their high melting point and
tarnish resistance enable them to be incorporated within the final gold
casting without any ill-effects.

A laboratory study by Moffa and Phillips (1967) demonstrated the
effect of the Tength and the surface characteristics of the pin on the
tensile load required to cause displacement of pin-retained gold castings.
Threaded, wrought pins were found to be 20 to 30 per cent more retentive
than the smooth cast pins. Retention of the cemented pin castings was
found to increase as the number of pins, and the Tength and the diameter

of the pins increased. When the length of the pin was greater than
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1.0 mm, it was found that there was frictional resistance to withdrawal
of the casting, even after the cement bond had broken. Clinically,
this secondary retentive effect could potentially mask the presence of

restorations in which the cement bond has failed; the frictional

resistance to withdrawal may be adequate to maintain the restoration in
position, but inadequate to prevent marginal microleakage or secondary

caries. The principles of pin retention are discussed in more detail in

13.4.

13.3 Non-paraliel pin technique

Three types of pins are available for use in this technique.
tach type has certain advantages and disadvantages for the clinician;
no single system can be considered superior in all aspects.

1. Cemented pins

The cemented pin system employs serrated, metal pins cemented
into over-sized pin channels. Various pin-channel size combinations
are available. 1In early articles (Markley, 1958; Courtade, 1963; Wing,
1965) 1in which this technique was described, as many as eight to ten pins

were cemented into pin channels prepared in the dentine to a depth of

2-5 mm deep. The pins are usually cut to size from a Tength of serrated

stainless steel wire and can be contoured and tried in the cavity before

cementation (Fig. 13.1,a and 13.2,a).

11. Frietion-locked pins

Goldstein (1966) described a retentive pin technique in which a
0.022 inch diameter pin was driven into an under-sized pin channel of

0.021 inch diameter. The pin was held in by friction, utilising the
elasticity of the dentine (Fig. 13.1,b and 13.2,b).

111, Ser—tkréading pins

The self-threading pin system also relies on the resiliency of the

dentine for retention. Threaded pins are screwed into under-sized pin
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channels. Several pin sizes are available for this technique, As with
friction-locked pins, the Tength. and contour of these pins are usually
adjusted after insertion into the tooth. (Fig. 13;1,0 and 13.2,c).
13.4 Retention of the:restoraffon'ﬁ"the'USé'Of'ﬁnonvia?al1el" D1NS
13.4.1 Introduction

Sdince, 1in the restoration of endodontically-treated teeth, pins
are principally used to assist in the retention of the core foundation,
an evaluation of the factors that may affect their retention n tooth

structure and their ability to retain the restorative material should

assist in the selection of the most appropriate pin technique for this

purpose.

As stated by Moffa et al (1969), "although pins are not adhesive

by nature, the factors involved in their successful use are mutually
dependent and may be considered as g3 system which is no stronger than

1ts weakest 1ink". They suggested that retentive pin failure may occur

in any one of five locations (Fig. 13.3):

1. fracture within dentine

2. at the pin-dentine interface (pin pu]]é out of dentine)

3. pin fracture (stresses in excess of the ultimate tensile

strength of the pin)

4. at the pin-restorative material interface (pin pulls out of

restorative material)

5. fracture within the restorative material.

13.4.2 Factors influencing the vetention of "non-parallel” pins in

tooth structure

The following parameters are known to affect the retention of pins

in the tooth structure: pin type, pin diameter, length of pin embedded 1in

the number of pins used, and the use of cavity varnishes and

various cements (Collard et al, 1970).

dentine,
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1. Pin type

Studies by Dilts et al (1968) and Moffa et al (1969) found
cemented pins to be the least retentive of the three types of pins

tested. The friction-locked pins were intermediate in retention and

were up to 2-3 times as retentive. The self-threading pins demonstrated

the greatest retentive potential and were found to be as much as 5 to 6
times more retentive than cemented pins in dentine.

2. Pin diameter

For both the cemented and self-threading pins, there was a
tendency for increased retention as the diameter of the pin increased
(Dilts et al, 1968; Moffa et al, 1969). Friction-locked pins were only

available in one size and the effect of pin diameter on retention was

not tested.

3. Length of pin embedded in dentine
In two studies (Dilts et al, 1968: Moffa et al, 1969) a positive
correlation was found, for all three types of .pins, between retention
and the Tength of pin embedded in the déntine. For cemented pins, it
, was found that there was a linear relationship between pin Tength — up
to a length of 4 mm — and retention. For the friction-Tocked and self-

- threading pins, the rate of increase in retention lessened when the

length of the pin exceeded 2.0 mm.

4. Number of pins used

According to Collard et al (1970) overall retention of the

restoration increased with the number of pins used for all three types

of pins. They suggested that the amount of tooth loss and the morphology
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o. Effects of cavity varnish and cementing agent

Since cavity varnishes minimize microleakage (Swartz and Phillips,
1961), their use in conjunction with retentive pins may be beneffcial.
In a study by Moffa et al (1968), it was found that when varnish was
applied to the pin-hole before insertion of the cemented pin, the amount
of microleakage around the pin was reduced; however, the retention of the
pin was reduced by 46 per cent. The application of cavity varnish did
not have any significant effect on the retention of friction-locked and
self-threading pins and the leakage associated with these pin types was
virtually eliminated.

Of the three cementing media investigated by Dilts et al (1968) —
calcium hydroxide, zinc oxide-eugenol and zinc phosphate cements —
zinc phosphate cement offered the greatest retention. A subsequent study
by Moffa (1971, p.20), -compared the ability of ten commercially available,
modified zinc oxide-eugenol cements and a zinc phosphate cement, to
retain pins. The tensile force required to dislodge a pin cemented in
dentine with zinc phosphate cement was approximately double that required
for fhe zinc oxide-eugenol cements. Although no significant difference
in fetention was demonstrated between posts cemented with zinc phosphate,
polycarboxylate and glass ionomer cements, the possible benefits

associated with the use of the latter two cementing agents deserve

further investigation.

13.4.3 Factors influencing the retention of "non-parallel pins in

restorative materials

The ability of a pin to retain the restorative material may be
influenced by the strength characteristics of the pin material and the
restorative material, the surface characteristics of the pin, the length

0T pin embedded in the restorative material (Moffa, 1971, p.20-21) and the
adaptation of the restorative material to the pin (Chan et al, 1977).




251

1. Strength of pin and restorative material

The retention of a pin in a pin-retained restoration is 1imited by

the ultimate strength of the pin material as well as that of the restorative

material. When the level of occlusal stresses exerted on the pin-retained
restoration exceeded the ultimate tensile strength of the pin, the pPin may

fracture because of its relatively small size (Moffa et al, 1969; Welk and

Dilts, 19693 Lugassy et al, 1972; Dilts et al, 1973). The mechanical

properties of stainless steel (the most commonly used pin material) and
the restorative materials most commonly used in conjunction with pins —

amalgam and composite resin — have already been discussed in some detail

in a previous chapter (6.8, 6.12 and 6.13).
2. The surface characteristics of the pin

Research by Moffa et al (1969) and Welk and Dilts (1969) indicated

that the friction-locked pins were not as retentive in amalgam as the

cemented and the self-threading pins. According to Moffa et al (1969),

the increased retention of the amalgam provided by the cemented and

self-threading pins may be a result of the greater number of surface

deformations on these pins. Welk and Dilts (1969) found that, even when

a right-angle bend had been placed, friction-locked pins could be
straightened and pulled out of the amalgam without fracturing the pins;

1t was suggested that the ease of removal was related to the relatively

low number of deformations on the surface of the pins.

Lugassy et al (1972) reported that, to that time, only the self-

threading pins had been used in experiments on composite resin. Failure
did not occur at the‘pin-composite resin interface but occurred, instead,

either because of the fracture of the restorative material or fracture
of the pin.

3. Length of pin embedded in restorative material

A Tinear relationship was found by Moffa et al (1969) between the

pin length and the retention of amalgam by friction-locked pins. For the

(Page 252 has been omitted)




253

cemented and self-threading pins, evidence has suggested that there is
no advantage in b]acing these pins deeper than 2 mm into ama lgam because,

during testing, these pins fractured when the depth of embedment in the

material exceeded 2 mm (Moffa et al, 1969; Welk and Dilts, 1969).

For the retention of composite resin, 2-3 mm has been found to be
the optimal length of pin embedment for the self-threading pins. In the
research by Lugassy et al (1972), it was found that, at this length,
fatlure was a result either of the fracture of the composite resin or
fracture of the pin itself. When Dilts et al (1973) embedded the
stainless steel self-threading pins 4 mm into the composite resin, all
were broken during testing and none were pulled out of the resin. The
retention of the other types of pins in composite resin was not
Tnvestigated.

4, Adaptation of the restorative material to the pin

In order to provide maximum retention for the restorative material,
"the close adaptation of the restorative material to the pin is necessary"
(Chan et al, 1977). These researchers examined the adaptation of three
amaigams and three composite resins to the three basic pin types —
cemented, friction-Tocked and self-threading. The adaptation of all the

materials studied to the three types of pins was found to be consistently

excellent.

13.4.4  Summary

For a given diameter and length of pin insertion, self-threading
pins are the most retentive in both dentine and amalgam. Increasing the
diameter of cemented and self-threading pins results in increased
retention. Increasing the length of the pin embedded in dentine has a
similar effect. For friction-locked and self-threading pins, the optimum
depth of insertion in dentine is 2-3 mm; for cemented pins, the depth in

dentine should be 3-4 mm. Provided there is adequate retention, the
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number of pins used should be kept to a minimum. The use of cavity
varnish greatly reduces the retentiye properties of cemented pins.
Because the use of cavity varnish minimizes the microleakage around
friction-Tocked and self-threading pins (13.6), and has no effect on
their retention in dentine, its routine use with these types of pins

1s recommended. Zinc phosphate cement was found to offer the greatest.
retention of the different types of cement tested (Moffa, 1971, n.20).
Retention of the pins provided by more recently developed Tuting agents
(such as glass jonomer cements) needs further investigation, Increasing
the number of deformations on the pin surface improves the retention of
the pin in the restorative material. Optimum retention of the pin in the
restorative material can be provided by a pin length of 2 mm for the
cemented and the self-threading pins,

13.5 Stress-induced effects of pins

As described in the previous section, the friction-locked and self-
threading pin techniques involve the insertion of retentive pins in under-
sized pin channels in dentine. These technigues rely on the elastic
properties of dentine for retention. Because of the relatively inelastic
hature of enamel, care should be taken not to employ such techniques
ciose to the dentino-enamel junction (Moffa, 1971, p.11). Stresses are
generated in the tooth structure when retentive pins are used to retain
& restoration. In an endodontically-treated tooth, the remaining dentine
may become more brittle due to its lowered moisture content (Khera et al,
1978; qu&e and Lester, 1979): when selecting a pin technique for use in
pulpless teeth, {t 1s necessary therefore, to caretully weigh the benefits
of the higher retention against the possible detrimental effects of the
stress concentration generated. Dentinal defects associated with the use

of retentive pins and twist drills are-also considered in the following

discussion.
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13.5.1 Dentinal damage due to pin channel preparation
In a study by Standlee et al.(1970), twist drills were found to
cause dentinal cracks during pin channel preparation. When a new twist

drill was used, no dentine faults were evident in the first 25 pin holes.

IT may be concluded that if a dull drill is used, the pressure necessary

to prepare the channel and, possibly, the excess heat generated during
preparation may lead to this type of dentine failure.
13.5.2 Stress concentration and damage to tooth structure due to pin

insertion

1. Insertion of a single pin

Photoelastic analysis of retentive pin insertion procedures
conducted by Standlee et al (1969) revealed that high installation
stresses can develop during insertion of self-threading and friction-
locked pins. When self-threading pins were used, lateral stress fields
of low magnitude were observed around the individual threads; when the
pin engaged the bottoh of the pin channel, severe apical stress
concentration was generated. Occasionally, crazing actually emanated
from the base of the pin channel in the plastic photoelastic models.
The severity of crazing appeared to be related to the amount of force
with which the pin was driven against the base of the pin channel,
Friction-locked pins transfered stress primarily in a lateral direction:
no installation stresses were associated with cemented pins. Because of
the potential for dentinal crazing with the use of self-threading pins,
Caputo and Standlee (1976) suggested that these pins be inserted just
shoft of the bottom of the channel.

This may be accomplished by threading the pin into the channe]
until resistance is encountered, then reversing or "backing off" one half

turn — . a type of control that cannot be accomplished with mechanical

insertion of a pin.




An investigation of retentive pin insertion procedures 1in
extracted human teeth was‘éarried out by Standlee et al (1970) to
determine the occurrence and nature of dentinal defects in the areas
of stress concentrations shown in the 1969 study which used photoelastic
models. Of the three types of pins tested, self-threading pins showed
a tendency to generate the most dentinal cracks or crazing. These
defects were evident in the apical oné third of the pin channel and at
the "corners" or "ramps" at the base of the channel. Localized
‘crushing" effects adjacent to the threads were detected at all levels
beside the pin; In a series of 40 specimens, Standlee et al (1970)
found two types of dentinal defects associated with the insertion of

friction-locked pins:

1.” Tateral cracks perpendicular to the long axis of the pin, and
2. "shearing" or "flaking" of dentine apical to the leading edge
of the pin,

There was a tendency for this tyﬁe of pin to gouge into the channel wall
and the pins very rarely reached the base of the pin channel. After
testing another group of 60 specimens following the insertion of cemented
pins, Standlee et al reported that "the cemented pins showed no tendency
to cause any dentinal damage of any kind".

A laboratory study was conducted by Moffa and Razzano (1971) to
determine the influence of cemented, friction-locked, and self-threading

pins on the production or aggravation of crazing in the enamel. Since it

was extremely difficult to obtain extracted human teeth with no evidence

and after the insertion of the three types of pins. When inserted to a
depth of 2.0 mm, the cemented pins did not cause any crazing in the

enamel even when the pins were placed at the dentino-enamel junction
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(Table 13.1). The self-threading pin.technique demonstrated a definite
potential for causing érazing at the dentino;enamel junction; howéver,
th%s technfque appeared to be relétfve1y*safe at a distance of 0.5 to
1.0 mm from the junction. In this test, it was the friction-locked pin
technique that presented the greatest likelihood of cracking and craze
formation in the enamel. Even at a distance of 1.0 mm from the dentino-
enamel junction, there was a tendency for crazing of the enamel to occur.
As a result of this research, these researchers recommended that, when
clinical conditions demanded that the retentive pin be placed at or very
close to the dentino-enamel junction, the cemented pin technique should
be used. Boyde and Lester (1979) did caution, however, that considerable
hydrostatic pressure could be generated during pin insertion with a
viscous cementing medium.

Chan et al (1974) compared the influence, on the development of
dentinal crazing, of hand insertion and mechanical insertion techniques
for self-threading pins. They reported a lower incidence of dentinal
crazing with the mechanical insertion technique using a reduced-speed,
contra-angle handpiece equipped with a 10 to 1 reduction gear*, In
contrast with the findings of Chan et al (1974), Guerrero (1979) observed
that mechanical insertion of self-threading pins produced cracks of a
more severe tType than those produced by‘slow hand insertion.

A study by Pameijer and Stallard (1972) used a replica technique
to examine, with a écanning electron microscope, the effects of the
insertion of self-threading pins into dentine. They concluded that the
cracks observed in the dried specimens were the result of specimen
preparation procedures. Although Boyde and Lester (1979) also concluded

in their study that the small cracks in the dentine around the self-

———
*Auto-Klutch, Whaledent International, New York, N.Y., U.S.A,.
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threading pins were artefacts of drying, they emphasized that these were
areas of high stress in the denffne-reéu1ting from the deformation caused
by inserting the pin. In conflict with these fesu]ts, Guerrero (1979)
reported the presence of cracks in the dentine around self-threading pins
using the replica technique. She attributed this difference to the
variation in the method of specimen preparation. Moreover, cracks have
been observed by other workers using other techniques (Dilts et al, 1970;
Standiee et al, 1970; Moffa and Razzano, 1971; Caputo et al, 1973; Chan
et al, 1974; Khera et al, 1978) and the majority opinion holds that
screwing pins into dentine damages it (Boyde and Lester, 1979).

2. Insertion of multiple pins

As mentioned previously, retention increases with the number of
pins used (for each of the three types of pins). A photoelastic study
of installation stresses associated with retentive pin techniques (Standlee
et al, 1969) showed that, when multiple self-threading pins were inserted,
the individual apical stress fields "interacted” laterally and apically.
"Interaction" was most pronounced at spacings between pins of 2 mm or
less. When multiple friction-locked pins were inserted, the stresses
were accentuated as the Tateral stress fields "interacted" between the
pins. The stress "interaction’ of'se1f—threading pins was later studied

in freshly extracted teeth (Standlee et al, 1970). At a depth of 2 mm,

communication cracks were observed with both 1 mm and 2 mm spacing between

the ﬁins.

In a more recent study, Khera et al (1978) examined the crazing
effects on dentine of self-threading pins* of three different sizes —
0.019 inch (Minikin), 0.023 inch (Minim), and Q.031 inch (Reqular)
diameter. They found that all three sizes of self-threading pins caused

%

fThread Mate System, Whaledent International, New York, N.Y., U.S.A.
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dentinal crazing and, when two or more pins were placed in the same tooth,
the potential for dentinal damage increased. Of the three sizes, the
smallest pins (Minikin) caused the least amount of crazing. The optimum
and safe inter-pin distance suggested by this study was 3 mm, when using
the Minikin pins, and 5 mm when using the Minim or Regular pins. However,
these authors suggested that, in endodontically-treated teeth, where the

remaining dentine might be dehydrated and less resilient than normal, it

would be advisable:

1. to use only the smallest self-threading pins, and

2. possibly, to increase the inter-pin distance if two or more

pins were to be used.

Because of the potential for damage of the dentine by self-
threading pins, some authors (Boyde and Lester, 1979) recommended the
use of cemented pins in endodontically-treated teeth.
13.5.3 ILoad distribution by retentive pins

To be able to use retentive pins effectively, Caputo et al (1973)
suggested that the clinician required a knowledge of the manner by which
masticatory forces were transmitted to the remaining tooth structure by
the pins. 1In order to study this process of load distribution, Caputo
and his co-workers used plastic photoelastic models into which the three
different typesﬁof pins — cemented, friction-locked and self-threading —
were placed. Compressive and shear forces were applied to these specimens.

When subjected to compression, all three types of pins showed an
increase in the apical concentration of stress. The increase in apical
stress concentration was much more pronounced for the friction-locked
and the self-threading pins than for cemented pins. Both the distance
between pins and the length. of the pin supported by tooth structure

appeared to have an effect on the distribution of compressive loads

applied to the tooth structure by way of the pin-retained restoration.
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The maximum apical stress generated by the application of compressive
loads to all three pin types decreased with increased spacing and with
increased depth of pin insertion. Lateral "interactions" were most
severe with friction-locked pins and Teast severe with cemented pins.
Similarly, lateral "interactions" decreased with increased depth of
pin insertion and spacing of the pins.

When a compressive load was applied to a specimen with pins
inserted at 45° to the dentine-restoration interface, a different
stress-transfer phenomenon was observed. In all three types of pins,
there were "interactions" between one pin and the occlusal portion of
the next adjacent pin. When the pins were closely placed, this
"interaction" was most intense at the pin-dentine-restoration interface.

When the specimens were subjected to shear forces, the principal
stresses transferred to the simulated dentine by all types of pins were
lateral stresses. "There was also a tendency for lower stress

concentration to have occurred with increased depth of insertion and

spacing between the pins.

Caputo et al (1973) concluded that the forces of mastication

13.5.4  Summary

Cemented pins have been found to provide a more uniform distribution
ot occlusal loads into dentine than do friction-locked and self-threadihg
pins. For all types of pins, an increased depth of pin insertion resulted
in more even stress distribution. Increasing the spacing hetween pins
resulted in smaller inter-pin stresses and also lowered the maximum level
of stress created in the dentine. Because of the increased potential for
dentinal crazing associated with the yse of the friction-locked or seif-

threading pin technique, the cemented pins were recommended for use in

endodontically-treated teeth (Boyde and Lester, 1979).
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13.6  Microleakage in"Qinnrétained'réstoratjons
Restorative materiais-common1y used in conjunction with retentive

pins are not adhesive and do not effectively seal the cavity preparation
(Moffa et al, 1968). Marginal adaptation and microleakage occurring
around composite resin (Al-Hamadani and Crabb, 19755 Eliasson and Hil1,

1977; Luscher et al, 1978: Hormati and Chan, 1980) and amalgam

restorations (Wing and Lyell, 1966; Massler, 1978, p.40-43; Hormati and
Chan, 1980) are well documented in the literature. In a pulpless tooth,
marginal leakage might contribute to recurrent caries, corrosion of the
pin and/or. the core material, dissolution of the luting agent and loss

of retention of the cemented pin (Moffa et al, 1968). In addition,

leakage between the amalgam and the pins may be associated with
corrosion in the interface region and leakage between the composite
resin and the pins may cause discolouration of the material (Chan et al,
1980).

Moffa et al (1968) investigated the microleakage that occurred
around the three different types of pins and the effectiveness of
cavity varnish in reducing or eliminating the microleakage. Without
cavity varnish, all three types of pin exhibited microleakage. ATthough
the cemented pins exhibited the least leakage init{a11y, after a period
of six months, the leakage which occurred af the cement-dentine interface
had actually affected the cementing medium to an extent that the retention
of the pin wés no longer acceptable. When cavity varnish was applied to
the pin holes prior to pin insertion, there was a definite decrease in
microleakage with each type of pin. The cavity varnish was effective in
inhibiting microleakage for the three types of pins up to a period of
thirty days. After six months, the cavity varnish remained effective in
assisting to inhibit microleakage only around the friction-locked and

self-threading pins; there was evidence of leakage around the cemented pins.
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As mentioned in 13.4.3, Chan et al L197Z) examined the adaptation
of three composite resin materials and three amalgams to the three basic
types of pins. They reported consistent and excellent adaptation of all
the materials studied to all pin types. .A more recent study (Chan et al,
1980), was conducted to investigate the microleakage between retentive
pins and three composite resin materials, and between the pins and three
amaigams. A1l the amalgams and composite resins tested showed excellent
sealing properties when used with the three types of pins studied —
cemented, friction-locked and self-threading pins.

13.7 Influence of retentive pins on the strength of the restorative
material |

Since Markley (1958) described the cemented pin technique for the
provision of additional retention for amalgam restorations in teeth with
substantial Toss of the clinical crown, retentive pins have become an
indispensable part of restorative dentistry. Techniques using the varjous
types of pins with amalgam in vital teeth have been described (Wing, 1965;
Zarb, 1965; Going, 1966; Johns, 1969; Winstanley, 1971). These techniques
were modified somewhat for use in pulpless teeth either with (Baraban,
19723 Newburg and Pameijer, 1976; Kantor and Pines, 1977; Locke, 1977)
or without (Markley, 1966: Lovdahl and Nicholls, 1977:; Brown et ;1, 1979)

the aid of root canal posts.

Although composite resin was introduced as a restorative material

in the 1960's, it was not until the early 1970's that techniques designed

specifically for the placement of pin-retained composite resin restorations

appeared in the dental Titerature (Ambrose et al, 1971; Spalten, 1971:
Janis and Lugassy, 19725 McPhee, 1974), Subsequent authors described the

use of this material with retentive pins and posts for the restoration of

endodontically-treated teeth (Baraban, 19725 Spanauf, 1972; Moll et al,
19785 Lorey, 1980).
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ror some time after Markley (1958) described the cemented pin
technique, it was thought that the threaded stainless steel pins
actually reinforced and strengthened the amalgam restoration similar
to the manner whereby steel rods reinforce concrete. Since thgn, many
studies (13.7.1) have been conducted to test this hypothesis and to

determine the influence of pins on the compressive, tensile, and

transverse strength characteristics of amalgam. Because of the 1imited
use of composite resin as a restorative material in the posterior region

ot the mouth, and the introduction of the enamel-etching technique for

retaining this material in anterior teeth, pin-retained composite resin
restorations have not been used as widely as pin-retained amalgam.
However, because of the potential, for clinical use, of pin- or post-
retained composite resin as a foundation for cast restorations, recent

studies have examined the affects of pins on the physical properties

of the resins.

13.7.1 Influence of retentive pins on the strength of amalgam

13.7.11 Compressive strength

The compressive strength of amalgam specimens containing different
numbers of pins — 0 to 4 pins, each 2-3 mm in length — was studied by
Wing (1965). The compressive strength was determined at one hour, and at
seven days when the amalgam ﬁas fully set. He found that the compressive
strengths of the two amalgams tested were reduced when retentive pins were
included. The reduction was evident both in the one-hour and the seven-
da&specimens and varied with the number of stainless steel pins used.

When only one pin was used, the change in the compressive strength of the

amalgam was negligible. However, when three or four pins were incorporated,

the one-hour strength of the amalgam was reported to be only approximately

one third of the strength of the contro] specimens with no pins; the seven-

day strength was approximately two thirds of the normal strength of the

ama lgam.
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In an early study by Going (1966), it was also found that the
compressive strength of the amalgam specimens decreased with the inclusion
of an increased number of retentive pins. However, even with the
incorporation of seven pins in the specimens, there was only a reduction
of ten per cent in the compressive strength of the amalgam. Subsequent
studies by Going and other researchers did not find any significant
difference in the seven-day compressive strength between specimens with
four, one or no pins (Going et al, 1968). Contrary to the findings of
Wing (1965), Going and Nostrant (1969) found no significant difference
in the early compressive strength of amalgam specimens containing no pins,
four 2 mm short pins, or four 10 mm long pins. Strength determinations
were carried out at 30 minutes and two hours.

Welk and Dilts (1969) confirmed that the presence of retentive
pins did influence the strength properties of amalgam. With no retentive
pins present, the amalgam specimens had a compressive strength of
approximately 397 MPa. When from one to sSiX pins were inc1uaed, there
was a reduction in compressive strength ranging from approximately 4.8
to 15.8 MPa. The opinion was expressed that a decrease in the
compressive strength of amalgam of this magnitude was probably of no
clin{ca1 significance.

Although the amount of reduction in compressive stréngth of
amalgam due to the presence of retentive pins has, therefore, been a
somewhat controversial issue, it has generally been agreed that pins
definitely do not reinforce amalgam or increase its compressive strength

(Wing, 1965; Going, 1966; Going et al, 1968; Going and Nostrant, 1969;
Welk and Dilts, 1969).

13.7.12 Transverse and tensile strength

Several investigators (Mahler, 1958: Rodriguez and Dickson, 1962:

Manler and Mitchem, 1964;: Going, 1966) have suggested that either the
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transverse strength or the tensile strength of amalgam, or both strengths,
may be more important clinically than the compressive strength. Welk and
DiTts (1969) tested the influence of threaded stainless steel pins and
friction-locked pins on the transverse strength of amalgam. They found
that the presence of these pins significantly decreased the transverse
strength of the amalgam.

The diametral loading method was used by Going and co-workers
(1968) to test the tensile strength of amalgam specimens containing
no pin, one pin or three retentive pins. The orientation of the retentive
pins to the tensile load appeared to have a much more pronounced effect
on the tensile strength of the amalgam than the number of pins present.
The most pronounced reduction in tensile strength occurred when the
specimens were stressed in a direction that was perpendicular to the
direction of the pin, a less pronounced reduction occurred when stressed
at a 45 degree angle, and no signifiéant reduction occurred when the
specimens were stressed parallel to the long axis of the pins. These
findings were consistent with those of Cecconi and Asgar (1968) who also
investigated the effect of pin location on the tensile strength of amalgam.

Duperon and KasToff (1973) tested the effect of three types of
pins — serrated stainless steel, smooth stainless steel, and silver-
plated, platinum-gold-palladium pins — on the tensile Strength of amalgam.
When the pins were placed in a position that was perpendicular to the
tensile force, there was 3 significant decrease in the tensile strength

of the amalgam as the number of pins increased; this decrease was evident

investigations (Cecconi and Asgar, 1968; Going et al, 1968). At one hour,

the serrated stainless stee] pins and the silver-plated, platinum-gold-
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palladium pins were responsifile for a significant increase in the tensile

strength of amalgam; the increase in strength was greater when the number
of pins increased from one to three. When the same tests were conducted
24 hours after condensation, the increase in tensile strength of the
specimens which contained pins was only slight. It appeared that the
strengthening effect ofithe embedded pins on the amalgam specimens was

a function of theijr retention within the amalgam. These researchers

hypothesized that the pins mcreased the resistance of the amalgam to
the splitting tensile force by "stapling the two halves of the specimen
together".

tarlier attempts had been made (Moffa, 1971) to develop a true,
adnhesive bond between the pin and the amalgam, eijther by silver-plating
or gold-plating the stainless stee] pin or by fabricating the pin in
silver. Microscopic examination of the pin-amalgam interface, however,
revealed the presence of voids and no adhesive bond to amalgam was able tg
be demonstrated; compared with the contro] specimens, neither the silver
nor the silver-plated étain]ess steel pins had any significant effect on
the compressive strength of the amalgam. When the nature of the fracture
was examined, it was found that the specimens containing the stajnless
steel pins (either plated or unplated) usually fractured through the pin-

amalgam interface while the.silver pins remained enclosed within the

matrix and the fracture passed at some distance from them.
13.7.2 Influence of retentive pins on the strength of composite resin
The effect of the inclusion of retentive pins on the compressive

and tensile strengths of Composite resin was investigated by Lugassy et al

(1972) and Dilts et al (1973). llhen retentive Pins are used clinically

Wwith composite resins — in the restoration of an extensively broken-down

tooth or in a core foundation designed to support a cast restoration —

they may be subjected to stresses, induced during finishing of the composite
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resin, preparation for the crown, or during impression procedures, before
polymerization has been completed. For these reasons, in order to
determine the influence of pins on the early and fully-set strength
properties of the coméosite resin, compressive and tensile strength
tests were performed on specimens at 10 minutes and at 24 hours (Lugassy
et al, 1972), and at 30 minutes and one week (Dilts et al, 1973).

Both at 10 minutes and at 24 hours, Lugassy et al (1972) reported
a significant increase of approximately 20 per cent in the compressive
strength associated with the inclusion of the self-threading pins. In
agreement with these findings, Dilts et al (1973) also reported a
significant increase in the compressive strength of specimens containing
pins; the compressive strength of the resin material increased as the
number of pins increased. Although the increase was statistically
significant, these authors observed that an increase of this magnitude
was probably of 1ittle clinical significance. Acknowledging the fact
that comparable studies performed on amalgam specimens demonstrated an
opposite effect, Lugassy et al (1972) suggested that it was probably
the structural nature of the amalgam matrix, the low elasticity, and
the high susceptibility to crack propagation of the amalgam that were
responsible for the reduction in the compressive strength with amalgam.
They suggested that the self-threading pins in the composite resin may
play a dual role — to reduce the amount of stress applied on the resin
and to act as reinforcing beams supporting some of the load applied on
the specimen. The presence of the pins in the composite resin specimen
which was subjected to compression may have, to a certain degree, acted
as a "damping mechanism" against the propagation of cracks in the material
and thereby helped in resisting higher compressive loads (Lugassy et al,

(1972).

The effect of pins on the tensile strength of the composite resin

was a tittle different. The inclusion of pins placed perpendicularly to
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the direction of load application resulted in a definite reduction in
the tensile stréngth.of the specimens 1in both studies (Lugassy et al,
19725 Dilts et al, 1973). Although there were differences in the amount
of reduction in strength between the dffferent brands of composite resin
materials tested, Dilts et al (1973) considered that the decrease in the
tensile strength of these materials was probably too small to be of
clinical significance.

In the study of Dilts et al (1973), the inclusion of up to three
pins in the composite resin specfméns did not appear to have any
significant effect on the transverse strength of the material.

13.7.3 Summary‘

Since the inclusion of retentive pins does not contribute to the |
strength of amalgam or composite resin to any significant extent, the
number of pins used should be kept to a minimum as long as adequate

retention is provided for the restorative material.
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Fig. 13.1 Schematic drawing of the three pin systems.
a. cemented pin. |
b. friction-locked pin.
c. self-threading pin.

(from Caputo and Standlee, 1976)

Fig. 13.2 Retentive pin insertion techniques.
a. cemented pin — 1. slow speed handpiece.

2. short lentulo spiral used to introduce

the luting cement into the pin holes.

3. grooved self-locking tweezers.

4, pin with right angle bend before
insertion.

b. friction-locked pin —

1. mallet.

2. pin holder.

c. self-threading pin —
1. wrench.

2. pin-may be shortenedrbefofe insertion.

(adapted from Going, 1966)

Fig. 13.3 Possible sites of retentive pin failure.

(from Moffa et al, 1969)
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Fig. 13.1; 13.2; 13.3

CEMENTED PIN LRICTION ~ LOCKED SELE - THREANNG
PIN . " PIN
Fig. 13.2

restorative material

pin-restorative interface

retentive pin
pin-dentine interface

dentine

b
)
[ ]

Fig. 13.3
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- CHAPTER 14

THE CORE_FOUNDATION

14,1 Introduction .
14.2  Selection of the core material
14.3 Laboratory research
14.3.1 The resistance to occlusal forces of core foundations
in anterior teeth
14.3.2 The resistance to occlusal forces of core foundations
in posterior teeth
14.3.3 Microleakage
14.3.4 Retention of cast gold crowns cemented to amalgam and

composite resin cores
14.4  Discussion

14,5 Secondary intention post-core foundations
14.5.1 Introduction
14.5.2 Fracture of the tooth preparation
14.5.3 Pulp death underneath a crown or bridge

14,1 Introduction

When there is substantial loss of tooth structure in the clinical

crown of a pu]p]éss tooth, 1t has generally been considered preferable
that treatment should be accomplished by a two-stage process in which a
separate final restoration is placed over a core foundation (5.5.5).

Several types of core foundations have been used for both anterior and

posterior endodontically-treated teeth (Fig. 14.1):

1. Cast gold post-cores are commonly used on anterior teeth but,
because of root canal direction and size, have been less popular
than alternative techniques in the restoration of posterior teeth.
2. Amaigam or composite resin cores retained by prefabricated
metal posts which have been placed into the prepared root canals.
Retentive pins may be used for additional retention and stability.

3. Amalgam, composite resin, or cast metal cores retained by

self-threading, cemented, or cast pins.
14.2 Selection of the core material
It has been commonly acknowledged that the cast gold post-core is

a reliable method of providing a foundation for the final corona]
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restoration (Rosen, 1961; Nicholls, 1963; Silverstein, 1964; Gentile,
1965; Baraban, 1967; Sheets, 1970; Colman, 1979). However, the relative
complexity of the technical procedures involved in its fabrication, and
the marked increase in the price of noble metals in recent years have
probably resulted in the search for satisfactory alternative techniques.
This situation is particularly apparent in multi-rooted posterior teeth

where the clinical and laboratory procedures involved in the fabrication

of a multiple-unit, interlocking cast gold post-core, are often difficult
and time-consuming (Rosen, 1961; Nicholls, 1963; Skurnik, 1965; Baraban.,
19675 Perel and Muroff, 19705 Abdullah et al, 1974; Wearn, 1974; Henry
and Bowen;,1977,a; Caruso et al, 1978, p.488-500; Michnick and Raskin,
1978; Welsh and Priddy, 1978). The cost of this type of post-core
foundation, particularly when added to the cost of the endodontic
treatment and the final coronal restoration, may, 1n some cases, become
the deciding factor as to whether a pulpless tooth is to be saved.
Markley (1958) suggested the use of amalgam core foundations
retained by ceménted stainless steel pins as a simb]e, 'more satisfactory"
and more economical alternative to the traditional cast gold post-core.
As the development of prefabricated post systems progressed, many
clinicians (Courtade, 1963; Abdullah et al, 1974; Wearn, 1974; Tidmarsh,
19765 Henry and Bowen 1977 ,a; Leggett, 1979) have indicated their
preference for the use of root canal posts whenever possible, for the
support of .the amalgam foundation. Leggett (1979) thought that the use

of auxiliary pins, whether threaded or cemented into prepared pin holes,

would "inevitably further weaken the remaining tooth structure and

render it more 1iable to splitting".

In recent years, composite resin core foundations retained by

root canal posts (and in some cases, additional retentive pins) have
been recommended for use in anterior (Baraban, 1972; Steele, 1973;

Federick, 1974; Federick and Serene, 1975; Stern and Kochavi, 1977;
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Colman, 1979; Lorey, 1980) and posterior endodontically-treated teeth
(Baraban, 19?2; Spénauf, 1972, Fissmann and Radke, 1976, p.551-555;
Johnson et al, 1976; Tidmarsh, 1976; Lorey, 1980; Behrend, 1981).

The potential for crown preparation of composite resin cores immediately
atter polymerization, within the same appointment, has been considered a
primary advantage of this material,

The selection of the materials and method of construction of a
post-core foundation for a particular case is dependent on a consideration
of several factors.

The intensity, direction and duration of occlusal stresses to
which the pulpless tooth is Likely to be subjected (Locke, 1977; Ross.
1980; McKerracher, 1981,a). According to Malone et al (1978, p.105)
forces are placed on teeth from a "myriad of angles". These may result
from "mastication, bruxism, biting habits, a demanding dietary intake,
and a host of intangible, unpredictable stresses". In order to support
the final coronal restoration, the matertal, or combination of materials
used for the post-core foundation must be able to withstand adequately
the functional and non-functional stresses applied to the tooth. The
four hain types of stresses present on restorative components in the
oral cavity are tension, compressjon, shear and torque (Greener et al,
1972, p.45). These are illustrated in Fig. 6.1.

Several authors (Harper and Lund, 1976; Colman, 1979) have
indicated that, {n most clinical cases, the nature of occlusal stresses
applied to anterior and posterior teeth are somewhat different. Anterior
teeth in a "normal overbite/overjet" relationship are 1ikely to be
subjected to more transverse stresses than posterior teeth; 1in general,
occlusal forces are more vertically oriented in the posterior areas of
the mouth (Colman, 1979). Tnerefore, the occlusal forces applied to a

post-core foundation in an endodontically-treated posterior tooth are

likely to have a higher compressive component. Simitarly, the shear and
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tensile components of occlusal forces applied to anterior teeth are
probably greater than those appTied to posterior teeth. Thus, the
ctinical performance of the different types of core foundations may
depend, to a certain degree, on the ability of the particular material

to withstand the types of occlusal forces present in that part of the

mouth.

The mechanical properties of the core foundation

Tne ability of the core foundation to resist occlusal forces depends on

two important factors:

a. the strength of the post, pin and core materials, and
b. the retention of the core foundation in the prepared pulpless

tooth.

a. The strength of the core foundation is influenced by the following
factors:
1. the type of material used — that is, the type of casting

alloy, amalgam or composite resin.

11. the quality of the casting and the adequacy of the
manipulative techniques used in the condensation of the

amalgam and the placement of the composite resin.

11i. in the case of amalgam and composite resin, the provision of
an adequate bulk of the material to provide maximum strength.
iv. the presehce of metal posts and/or pins in the amalgam or
composite resin core material.
b. The retention of the core foundation in the pulpiess tooth is affected
by : 1. the number, the Tength and the direction of posts and/dr
pins used,
11. the accuracy of the internal adaptation of the core foundation,
111, presence of undercuts in the tooth preparation, and

1v. the ability of the material to bond to the remaining tooth

structure.
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14,3  Laboratory research

14.3.1 The resistance to occlusal forces of core foundations in

anterior teeth

Because of the greater demand for the restoration of endodontically-
treated anterior teeth (than bosterior teeth), several studies have
specifically examined post or pin-retained core foundations in anterior
teeth (Lovdahl and Nicholls, 1977; Moll et al, 1978) or single-rooted
teeth (Kantor and Pines, 1977). Force was applied at angles of either
130 or 135 degrees to the long axis of the tooth. Kantor and Pines
(1977) chose an angle of 135 degrees because they considered that it
approximated a combination of forces which was Tikely to be exerted on
teeth, rather than a purely compressive or shear force. Lovdahl and
Nicholls (1977) chose an angle of 130 degrees to simulate the average
angle ofhcontact found in Class I occlusions between maxillary and

mandibular anterior teeth.

Kantor and Pines (1977) compared the failure of cast gold post-
cores and stainless steel post-retained composite resin cores, with both
a non-reinforced and a steel post-reinforced tooth. A1l the single-
rooted teeth were prepared to a "standardized form" but no crown was
placed during testing.

Lovdahl and Nicholls (1977) compared pin-retained amalgam cores
and cast gold post-cores with an unrestored, but endodontically prepared

tooth. No crowns were placed and the cores were prepared to approximately

normal tooth contour. Moll et al (1978) compared the strength of
specimens prepared using either a pin-retained composite resin post-core
or a cast gold post-core; a metal crown was cemented to the cores before
testing. All the teeth used in the two experiments were maxillary
anterior teeth. The findings of these two studies and the merits of

using either posts or pins for the support of the core foundations are

discussed in 5.3.22.
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Although the results obtained by Kantor and Pines (1977)
indicated that the specimens with the cast gold post-cores were able
to withstand slightly higher loads than the stainless steel post-
retained composite resin cores, there was a tendency for fhe gold
post-cores to split the pulpless tooth vertically when subjected to
the test force. In contrast, the composite resin cores failed by
fracturing away from the stainless steel post and the tooth. Because
of -the Tower strength of the composite resin, these researchers
recommended against the use of the material in a "strategic abutment".
Al though certain materials and methods of core construction have
been found to provide stronger or more retentive core foundations than
others, their use may also be associated with a higher incidence of root
fracture. It was suggested (Lovdah1 and Nicholls, 1977) that: "if
failure does occur in the oral environment the least amount of damage to
tooth structure is desirable". Because any substantial damage to the
pulpless tooth may prevent further repair and may lead to the loss of
the tooth, the additional strength or retention gained should be weighed
against the higher risk of root fracture.
14.3.2 The resistance to occlusal forces of core foundations in
posterior teeth
Amalgam has been widely accepted as a satisfactory alternative. to
cast gold alloys as a core material in endodontically-treated posterior
teeth. The introduction of composite resins for the same purpose has

given the clinician a wider choice of restorative techniques. Amalgam

and composite resin "build-ups" are relatively 1nexpensive and less
complex than the conventional cast gold post-core foundations (Malone,

1982) particularly in multi-rooted posterior teeth.

There is a relatively small number of clinical or lTaboratory

studies in this area of restorative dentistry. The difficulty experienced

in minTmizing the number of variables in experiments with multi-rooted
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endodontically-treated posterior teeth may have been partly responsible
for this relative lack of research. These variahles may include factors
such. as:

a. the amount of sound tooth structure left in the pulpless

posterior tooth,

b. the age and the moisture content of the tooth,

C. the number, the size and the direction of the roots, and

d. the variable use of root canal posts, retentive pins and cast

coronal restorations as suggested by different clinicians,

To overcome some of the problems in evaluating the efficiency of
several types of core foundations commonly used in the restoration of
endodontically-treated posterior teeth, two laboratory studies (Newburg
and Pameijer, 1976; Chan and Bryant, 1982), designed to apbroximate the
clinical loading of posterior teeth, have made use of single-rooted
premoiar teeth.

In the study by Newburg and Pameijer (1976), the "more reliable"

cast post-core foundation was compared with composite resin cores

retained by a variety of post-pin combinations. A1l the tooth specimens
were severed at the cemento-enamel junction, perpendicular to the long

axis of the tooth, leaving a flat root surface. Five types of core

foundations were prepared.

Group 1. A cast metal post-core was prepared from a technique
casting alloy* with strength and hardness similar to those of type III
goid alloys. The tapered post preparation was carried out with a No, 702
carbide bur to a depth of 10 mm.

Group 2. A serrated and vented, parallel-sided stainless steel
post@ of 1.5 mm diameter was cemented into the root canal to a depth of
fTechnic Lasting Alloy, J. M. Ney Co., Bloomfield, Conn., U.S.A.
@ParanPost System, Whaledent International, New York, N.Y., U.S.A.
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10 mm. It was not stated whether any anti-rotational preparation around
the cemented post was carried out hefore the placement of the composite
resin* core foundation.

Group 3. A 1.5 mm serrated, stainless steel post and two self-

threading pins@

were placed into the dentine to a depth of 10 mm and
2 mm respectively. A composite resin core was added as above.

Group 4. The root canal orifice was blocked with zinc phosphate
cement, making a continuous root surface. Four self-threading pins, of
the type described above were then used to retain a composite resin core.

Group 5. The root canals were enlarged to "about half the
diameter of the remaining dentinal walls' with an inverted cone bur to

provide undercuts. Then a “self-supporting" allﬁcomppsite resin post-
core foundation was made.

Details of the preparation of the core foundations for the final
coronal restorations were not subplied. Although a complete crown was
recoﬁhended as the final coronal resforation, none was placed on the
specimens before subjecting them to the different test loads. Stated
loading speeds weré 0.01 inch/minute (0.25 mm/min) for the tensile and
shear loads, and 1,0 inch/minute (25.4 mm/min) for the torsional forces.
The .angle of force appTication was not available. Five specimens of
each type of core foundation were subjected to a tensile force, Three
specimens were tested in each of the five groups of core foundations for
their resistance to shear forces and torque.

A sjgnificantly greater force was required for the separation of

the core foundation from the teeth (application of tensile force) 1in
Groups 3 and 4 — composite resin cores retained either by a stainless
—_—

*Adaptic, Johnson & Johnson Dental Products Co., East Windsor, N.J., U.S.A.
@TMS Minim (0.023 inch), Whaledent International, New York, N.Y., U.S.A.
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steel post and two pins or by four self-threading pins. There were no
significant differences between the other groups.
The resistance to shear forces of the al I-composite resin post-

cores (Group 5) was significantly lower than the other groups. Data

obtained from the specimens subjected to torque indicated that the all-

composite resin post-cores and the composite resin cores retained by a

single cemented post had the Towest resistance to torsional forces.
Root fractures associated with the use of self-threading pins were
reported by the authors although few details were provided.

Newburg and Pameijer (1976) concluded that the resistance to
displacement of composite resin cores, retained by either four self-
threading pins or a cemented post and two pins, compared favourably
With other accepted techniques. A composite resin core retained solely
by a cylindrical post provided poor resistance to torque.

Another Taboratory study was conducted by Chan and Bryant (1982)
to compare the resistance to fracture éﬁd fhe failure characteristics of
restored, endodontically-treated posterior teeth,with substantial loss
of tooth structure. Fifty five single-rooted, mandibular premolar teeth
were restored using fndividua]]y fabricated cast metal crowns supported
by one of tﬁe following types of post-core foundations:

1. Cast gold post-cores fabricated in a type III casting gold

atloy. A serrated and vented, parallel-sided, plastic casting

post* and Dura]ay@ resin were used for the direct fabrication of
the post-core pattern. The diameter of the post was 1.5 mm and
the cast gold post-cores were cemented with zinc phosphate cement.

¢. Amalgam post-cores were prepared using a serrated and vented,

parallel-sided, stainless steel] post* (1.5 nm diameter) cemented

—_— e
*Para-Post System, Whaledent International, New York, N.Y., U.S.A.

@Re]iance Dental Mfg. Co., Worth, I'l1l., U.S.A.
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with zinc phosphate cement, Sharp angles on the head of each

post were 1ightly rounded, to reduce stress concentration, before

the placement of the Dispersalloy* amalgam core.

3. Composite resin post-cores were prepared in a similar manner

(to amalgam post-cores) using the stainless stee] posts@ and black

Adaptic* core resin as the core material.

A diagrammatic representation of the test method is shown in
Fig. 14.2,a. An adequate anti-rotational lock was prepared in each
specimen and, following the cemenfation of the stainless steel post,'
this area was cleared of the excess cement. The amaigam or the composite
resin was carefully condensed into this anti-rotational preparation
during the initial stages of the core "build-up".

A cast full veneer crown, with optimal fit and retention, was
subsequently constructed individually for each specimen using a coin-
silver alloy with characteristics similar to the cast gold alloy. The
occlusal surfaces of the crowns were provided with flat buccal and lingual

Cuspal inclines, at approximately 115° to the long axis of the tooth.

Since neither the retention of the crowns nor the strength of the luting

agent was under direct examination, the crowns were not cemented; this

facilitated removal after testing.

tach specimen was mounted in a test bracket by means of acrylic
resin and the socket was relined with a silicone impression material
approximately 0.25 mm thick, as described by Lovdahl and Nicholls (1977).
Using a Hounsfield Tensometer# and a cross-head speed of 0.16 mm/min,
force was applied, by a metal plunger, to the Tingual cuspal incline of

the buccal cusp of each crown until failure occurred (Fig. 14.2,b).

—
*Johnson & Johnson Dental Products Co., East Windsor, N.J., U.S.A.

@Para-Post System, Whaledent International, New York, N.Y., U.S.A.

Tensometer Ltd., Croydon, England
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The mean load at failure for each of the three types of specimens
and the failure characteristics are shown in Table 14.1.

Fifteen cast gold specimens, twenty amalgam specimens and twenty
composite resin specimens were tested. The mean loads at failure were
/5.4, 92.2 and 91.6 kilograms force (kgf), respectively.

After failure, all fifteen cast-gold specimens showed evidence of
dislodgement of the post-core, indicating failure at the site of
cementation; thirteen specimens showed visible evidence of root failure
wnich extended beyond the coronal one third of the root in four of these
cases. ELxamples of the cast gold specimens, after failure and removal
of their metal crowns, are shown in Fig. 14.3.

Of twenty amalgam specimens, sixteen showed evidence of fracture
of the amalgam core, the cemented metal post and the amalgam core had
been dislodged from their original location in eight cases; of the eight
specimens show%ng evidence of root fracture, the fracture extended beyond
the coronal one third of the root in four cases. The variation in
failure characteristics of the amalgam specimens, after removal of théir
metal crowns, is illustrated in Fig. 14.4.

Failure of the composite resin specimens occurred in several Ways
(Fig. 14.5). Root fracture occurred less frequently and was less extensive

than in the other specimens. Core fracture was a common finding and nine

of the twenty specimens showed evidence of post-core dislodgement.

Of the three types of post-core foundations, the amalgam and the
composite resin post-cores were able to resist higher occlusal Toads
before failure occurred. After statistical analysis it.was found that
differences, between the failure loads of either cast gold and amalgam
specimens or between cast gold and composite resin specimens, were not
significant at a 99 per cent confidence level but did achieve a lower

(98 per cent) level of confidence. Ratios, of the load at failure to a

measure of the root face dimensions, were derived in an effort to allow
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for variations in tooth size, Differences hetween the ratios for cast
~gold and amalgam and between the rétios for cast gold and composite

resin were significant at a relatively Tow 95 per cent level of

confidence.

Direct comparison of these findings with those of Newburg and
Pameijer (1976) is difficult because of the variation in the loading
speed and possibly the direction of force application, the length of
the post, the inconsistent use of pins and anti-rotational locks in the
post-core preparation, and the use of a full veneer crown over the post-
core foundation.

The benefits of condensing the core material around the cemented
post was demonstrated by Christian et al (1981). This procedure was
found to enhance the strength of the post-retained amalgam core
foundation in their laboratory study. As a result, they suggested that
the use of self-threading pins for resistance against torque may often
be eliminated., |

‘Chan and Bryant (1982) found that' cylindrical posts (of the Para-
Post System) of a 1.75 mm diameter were often too large for mandibular
premoiars at the 7 mm post length; 1.5 mm diameter posts were therefore
used at a length of 7 mm. The use of a 1.5 mm diameter cylindrical post
to a depth of 10 mm, as in Newburg and Pameijer's (1976) study, increased

the risk of root perforation.

A full veneer crown has been recommended (Newburg and Pamei jer,
1976) as the final restorative treatment to ensure a more even distribution
ot occlusal stresses to the entire post-core foundation and to protect

any remaining coronal tooth structure from fracture.

14.3.3 Microleakage

The mechanical properties of the post and core materials are
important factors influencing their clinical performance. However, of

probably equal importance to the success of the final restoration, is
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the ability of these materials tq adapﬁ closely tq the tooth structure,
thereby keepiﬁg microleakage and the éotentia1 for recurrent caries to
a minimum.

L eakage around créwn margins may have a significant effect on the
success or failure of a cast restoration; this could result in the loss
of retention and recurrent caries in the endodontically-treated tooth.
Marginal leakage under crowns is closely related both to the adaptation
of the casting to the cavo-surface margin and to the integrity of the
cementing medium (Hormati and Denehy, 1980). This integrity may be
affected by the solubility and dimensional change of the cementing agent
as well as its adaptation to the tooth surfaces involved (Norman et al,
1963). Hormati and Denehy (1980) suggested that, should leakage occur
around the crown margins, the core should, ideally, serve to arrest this
ieakage. There are other clinical situations where the margins of the
core foundation may be exposed to the oral fluids. These include
imperfectly adapted temporary crowns, a core foundation which must serve
as an interim restoration, and core foundations with subgingival margins
that are apical to the margins of the final crown restoration.

Hormati and Denehy (1980) conducted a Taboratory study to compare
the microleakage of pin-retained amalgam and composite resin bases.
Cavity varnish was not used under the amalgam bases, and the teeth to be
restored with composite resin were not etched. Using a crystal violet
dye, these authors found that the depth of dye penétration at the amalgam
base interface was significantly less than that for the composite resin
bases.

The effectiveness of the acid-etching of enamel in controlling the
marginal lTeakage around composite resin restorations has heen demonstrated
in many studies (6.13.3). However, the acid-etch technique is usually

either not applicable or less successful in the cervical region due to

the Tack of sufficient, regular oriented enamel. Even if originally
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present, any acid-etched enamel margins would be partially or totally
removed during crown preparation (Hormati and Denehy, 1980). The acid-
etch technique has been found to be Tess effective on dentine and
cementum than on enamel in controlling marginal leakage (Andrews and
Hembree, 1978).

Margins of an amalgam base exposed to oral fluids were found to
be Tess susceptible than compgsite resin base margins to microleakage
(Hormati and Denehy, 1980). As the amalgam restoration ages, there is
a gradual reduction of marginal leakage due to the accumulation of
corrosion proaucts in the amalgam-tooth interface (Phillips, 1973, p.302).
The use of a cavity varnish has also been shown toibe effective in the
early reduction of marginal leakage around amalgam restorations (Andrews
and Hembree, 1978).

Schmidt and Lutz (1977) conducted an Zn vitro study on the
marginal adaptation of cast gold, amalgam and composite resin cores.

With the aid of dye penetration tests and scanning electron microscopy,
they found that composite resins, when properly used, were "superior" to
gold and comparable to amalgam in core fabrication fof endodontically-
treated teeth from the standpoint of marginal adaptation and the reduction
of microleakage at the composite resin-dentine interface.

A recent study (Larson and Jensen, 1980) on.the microleakage
beneath crowns, prepared on pin-retained amalgam or composite resin cores,
has suggested an alternative mechanism for the failure of a restoration
placed on we]]-prepared core foundations. Test specimens were prepared
from ninety maxillary premolar teeth. Whaledent* self-threading pins
were used to retain the thirty composite resin and the thirty amalgam
cores. Neither the acid-etch technique nor cavity varnish was used for

the composite resin and the amalgam specimens. The sixty pin-retained

M

*TMS Pins, Whaledent International, New York, N.Y., U.S.A.
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core foundations and the remaining thirty teeth were subsequently
prepared for a complete cast crown restoration, the margins of which
were established in enamel, gingival to the margin of the core
foundation. Complete cast crowns were individually fabricated for

| each specimen using a Type II gold alloy and cemented with a fine grain,
zinc phosphate cement.

The specfmens were randomly divided into three groups of thirty
teeth — ten composite resin cores, ten amalgam cores, and ten requiar
crown preparations. Tne first group of thirty teeth was cvcled 100 times
between a 60°C bath of 2% fluorescein dye and a 4°C bath of 2%
fluorescein dye. The teeth were placed in each bath for 30 seconds;
the total immersion time was 100 minutes. A similar group of thirty
teeth that has been aged (stored in water) for two years after
cementation was also cycled in this manner. The third group of thirty
teeth was immersed in a 37°C fluorescein dye bath 24 hours after
cementation of the gold crowns.

Larson and dJensen's findings (1980) indicated that some significant
differences do exist between the regular crown preparations and the
éma]gam and composite resin core preparations with regard to microleakage.
With thermal cycling, the regular crown preparation were able to resist
leakage at the crown-tooth interface better than either the composite
resin core or the amalgam core preparations. It was considered that the
differences in the coefficients of Tinear expansion between the components
of the restored tooth — tooth structure (11.4 mm/mm/OCX10"6), amalgam
(25 mm/mm/OCX10'6),'composite resin (30 mm/mm/OCXIO"G), and Type II
casting gold (14 mm/mm/OCXIO'G) — may be responsible for the varying
degree of microleakage found in the test specimens. When cycled between

4°C and 60°C, the core material (either amalgam or composite resin) may

expand and contract more than either the gold crown or the tooth. It was

suggested that since the core is enveloped by the gold crown, the
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expansion that occurs in the core may tend to force the crown off the
tooth. This excessive expansion and contraction of the core material
during thermal cycling may result in the premature loss of the cement
seal at the margin between the gold crown and the tooth resulting in
microleakage. Clinically, amalgam has been found to corrode at the
amalgam-tooth interface; this corrosion has the effect of sealing the
amalgam-tooth interface against microleakage.

When used properly, both amalgam and composite resin may be
considered as*satisfactory core materials. Since the sealing ability
of composite resin is somewhat inferior to that of amalgam, if is
suggested that the margins of the crown should routinely be extended
gingivally, beyond the composite resin—tootﬁ interface. When possible,
this should also be done when amalgam is used; however, this is not
imperative due to the "self-sealing" mechanism of amalgam. The long-
term clinical significance of the galvanic corrosion that takes place
in the amalgam due to its contact with the cast gold crown is not

fully understood.

14.3.4 Retention of ecast gold crowns cemented +o amalgam and composite
resin cores
The build-up of extensively destroyed teeth to a "classical
preparation” before the construction of the coronal restoration has been

recommended (Kafalias, 1969). 1In the restoration of a pulpless tooth,

the use of post-retained, or pin-retained, amalgam or composite resin
cores has become common practice. dince, to a Targe extent, the cast
coronal restoration is supported by the core material, the choice of
core material may affect the retention of cast crowns cemented to the
final tooth-core preparation (Hormati and Denehy, 1981).

In a recent laboratory study (Hormati and Denehy, 1981), the

resistance to displacement by a tensile force of cast gold complete

crowns cemented to either amalgam or composite resin cores was compared.




prepared with a 7 degree taper for cast complete crowns. Eighteen

models were made with amalgam* and eighteen with composite resin@.

Cast complete crowns were fabricated for each model using the indirect
technique and were subsequently cemented with zinc phoéphate. The
specimens were randomly divided into three groups — eacn consisting

of six amalgam and six composite resin samp1es’—- and were tested at
l-week, l-month, and 3-month intervals. Prior to testing, each sample
was thermally cycled 200 times between 509i506 and o?i5°c for 30 seconds
1n a water‘bath at each temperatufe. A tensile force, parallel to the
long axis of the "tooth", was applied to each specimen with an Instron
testing machine at a cross-head speed of 1 mm/min.

Although zinc phosphate cement has been found to approach its
ultimate strength in one day (Phillips, 1973, p.478), Hormati and Denehy
(1981) found that the retention of the cemented crowns to the composite
resin cores increased significantly between the l-week, the l-month and
the 3-month perjods. The mean load required to displace the cast gold
compiete crowns cemented to the composite resin cores were 32.9 kg, .
o4.2 kg and 66.4 kg at 1-week, l-month and 3-months, respectively.

Some unknown reaction between the composite resin and the zinc phosphate
cement was considered to be responsible for this trend. The cement in
the specimens‘tested at one week and at one month retained its original
colour; only the cement in the three months' old specimens took up the

colour of the composite resin core — which was purple in this case.

The mean Tloads required to displace the cast gold crowns from the

amalgam cores were similar for the l-week and 3-month periods — 58.9 kg
and 57.1 kg, respectively. However, the significantly higher retention
_'—'——-————-——"—__.________‘*

*Tytin, S.S. White Denta] Products International, Philadelphia, PA., U.S.A.
@Prosthodent, Lee Pharmaceuticals, South FI Monte, CA., U.S.A.
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(78.5 kg) proyided by the one month ¢ld specimens could not be explained.

With this limited evidence available, it is difficult to predict
in the long term, whether there is any clinically significant difference
in the amount of retention provided by these two core materials.
14.4 Discussion

To a certain extent, the selection of a material for the core
foundation is a matter of personal preference on the part of the clinician.
For many years, casting gold alloys have been used almost routinely for
this purpose. However, since the jintroduction of amalgam and composite
resin for core construction, the selection of a suitable core material
for a particular clinical case requires more careful ‘consideration.

Although alternative techniques are commonly used today, cast
gold post-core foundations have remained the "standard" against whicﬁ
newer techniques have been compared. The main advantages of the casting
gold alloys as a core material inc1ude’their nigh strength properties
and excellent corfosion and tarnish resistance. Other types of core
materials, such as amalgam or composite resin, require a certain bulk
in order to resist fracture or distortion. For this reason, it may be
advisable to use cast gold alloys for the core foundation in pulpless
teeth with small clinical crowns (for example, maxillary lateral

incisors and mandibular incisors).

Within reason, a mal-aligned pulpless tooth may be "up-righted”
(McKerracher, 1981,b) by placing a crown at a different path of insertion
from the post-core foundation; this is best achieved by using a cast gold
post-core (Pickard, 1964; Baum et al, 1981, p.544) in which the core:
section is angled to provide the most favourable support for the

overlying crown (Fig. 14.6).

Particular requirements for cast gold cores — for example, the
extra appointment required, the cost of the noble alloys and the

laboratory fees — may, in some cases, influence the practitioner to
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consider alternative core foundations. According to Markley (1966), a
cast post-core foundation has two major disadvantages. First, it has
a greater tendency to cause root fracture and, secondly, because of its
dependence on the luting agent for retention, there is a greater risk
of recurrent caries should the casting become loose. Therefore, if a
cast post-core foundation with adeguate retention and resistance form
cannot be constructed, alternative techniques should be considered.
Amalgam has several desirable qualities as a core material. It
1s relatively simple to use and provides ample working time for proper
condensation of the material even around multiple posts and pins.
Although amalgam is not as strong as the cast gold alloys, when applied
properly, it has sufficient strength to withstand the stresses to which
the pulpless tooth is Tikely to be subjected. Being a plastic material,
1t can enhance the retention of the core foundation by engaging minute
undercuts in the walls of the post-core preparation. The "self-sealing"
property of amalgam, due to the accumulation of corrosion products in
the amalgam-tooth interface, minimizes microleakage and provides
protection for the underlying tooth preparation against recurrent caries.
If, for financial reasons, the placement of a cast coronal restoration

must be de]ayed, a properly designed, post-retained, amalgam "core/

restoration” can also serve as a satisfactory Tong-term temporary

restoration.

The long term clinical significance of the galvanic reaction that
might take place when an amalgam core foundation comes in contact with
a cast gold restoration is still uncertain. Although clinical symptoms
in a vital tooth, attributable to this reaction, have been infrequently

reported in the dental Titerature (Carter, 1965), problems of this nature

appears to be rare in endodontically-treated teeth.
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out soon after the initial set of the amalgam core foundation. If a
fast-setting amalgam alloy is used, some clinicians (Shi11ingburgﬁet al,
19703 Johnson et al, 1976;'Reuter, 1977; Hormati and Denehy, 1980;
Nayyar et al, 1980) have suggested that the amalgam core may be prepared
tfor the final restoration, without any "harmful effects", immediately
atter the initial set of the amalgam has occurred. Other clinicians
(Baraban, 1972; Henry and Bower,,1977,a3 Wing, 1981) have recommended that
the amalgam core be allowed to set for a longer period of time before

compietion of the coronal preparation. Although different strength tests

have been used, there is evidence to indicate that amalgams have

relatively low early strengths (at 30 minutes) compared to their final

strengths while composite resins have fe]ative]y high early strength
properties compared to their final strengths. However, because several
of the single melt high copper amalgam alloys (for example, Tytin) have
30 minute strength properties which may be comparable to those of
composite resin at this time, it is possible that further clinical
eQidence will demonstrate clearly that these amalgams may be prepared

for crowns at this time. Furthermore, a controlled laboratory study

might be able to determine the minimum time after placement before the

amalgam core foundation can be prepared, with rotary instruments,

without harmfu1‘effects.

Unlike the controversy associated with the setting rate of amalgam,
there is Tittle disagreement over the preparation of a composite resin
core foundation immediately after the polymerization of the material. A
study by Forsten and Stromberg (1976) found that ten minutes after the

beginning of the mixing procedure, the transverse strength of the four
brands of composite resin tested — Adaptic*, Concise@, Cosmic# and
*Johnson & Johnson Dental Products Co., East Windsor, N.J., U.S.A.

@3M Dental Products Co., St. Paul, MN., U.S.A.

#Amalgamated Dental, England.
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Nuva-Fil* — were one half to two thirds thaﬁ of their final strength
(after 24 hours). A]thquéh acknowledging the difficulties inherent fin
testing amalgam at 15 minutes, Bryant (1978) found that the compressive
strength of a composite resin at 15 minutes, of 280 MPa, compared
favourably with the compressive strengths at this time of several types
of amalgam — 65 MPa (dispersion modified amalgam), 70 MPa (conventional
lathe-cut amalgam), 115 MPa (conventional spherical) and 210 MPa (single
melt high copper amalgam). This rapid setting reaction, more than any
other properties of composite resin, is probably responsible for the
popularity of this material for core construction. While the ultimate
physical properties of the composite resin, in terms 6f compressive and
tensile strengths and hardness, are not equal to those of amalgam, they

are, 1n general, more than sufficient to withstand functional stresses

to wnhich the post-core foundation is likely to be subjected (Baraban,

1972). A relatively new composite resin®

, Specially designed for core
construction, has been claimed (Anderson, 1981) to have tensile and

compressive strength properties comparable to "quality amalgams".
Because aesthetics is not an important consideration for core
construction, the manufacturer has been able to produce a Tight blue

composite resin which is more densely filled than coﬁventional composite

resins; this increased quantity of filler is responsible for the improved
strength properties of the material.

Being 3 non-metallic méterial, the potential for galvanic
corrosion is eliminated (Spanauf, 1972). Some clinicians (Johnson et al,
1976) have observed that, during trial insertion of the final cast

restoration, interferences are readily recognized by definite markings

on the surface of the composite resin core foundations.

-———'_"-—Iﬂﬂ_———-——--—u—_____.________

*The L.D. Caulk Co., Milford, DE., U.S.A.

Coreform Composite Resin, Sybron/Kerr, Romulus, Michigan, U.S.A.
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Compared to amalgam, composite resin is less efficient in
eliminating microleakage at the tooth-restoration interface. With
this in mind, it has been suggested that the use of composite resin
cores be restricted to cases where there is sufficient tooth structure
remaining, to permit the placement of the crown margins gingival to
the tooth-composite resin junction (Lorey, 1980). In the experience
of the author, void elimination is not a major problem in core
construction when a properly adapted matrix is used and the material
1s kept under pressure during polymerization. In 1980, a new pre-
shaped, polyester core matrix system* was introduced. With a selection
of twenty shapes, this matrix system was designed to simplify the
construction of composite resin cores.

No study has reported sufficient clinical evidence of the failure
rate of adequately prepared post-core foundations to enable a c]inicaily
based assessment of the Tong-term merits of available techniques. In
addition, it js necessary to be cautious in evaluating the importance
of laboratory research, Ross (1§80) warned that forces exerted on the
tooth specimens in 1abofatory studies were often in excess of those
present in the mouth during masticatory function and parafunction; as
a result, the tests may have favoured certain techniques or materials.
Long-term clinical evaluation of the different types of post-core
foundations is required. However, until this information is available,

the clinician must make an individual decision for each case on the

basis of the current evidence from research, the requirements of the

particular case and the experience of other clinicians.

__-_————-——-———-—-—.__.________“

*Coreform, Sybron/Kerr, Romulus, Michigan, U.S.A.
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14.5 Secondary intention post-core foundations

14.5.1 Introduction
Although, under normal circumstances, the coronal restoratiqn
for an endodontically-treated tooth is usually constructed after the
placement of a post-core foundation, it is not uncommon for endodontics
to become necessary sometime after the insertion of a crown or a fixed
bridge. This may be associated with a number of eventualities, ranging
from pulpal necrosis and periapical pathosis of a bridge abutment to
the fracture of a single crown preparation (Henry and Bower, 1977, b).
While most cases of single crown fracture require total remake following
root canal therapy; many of the otherwise satisfactory pre-existing
crowns or bridges may be restored to normal function following endodontic
treatment.
Several factors may influence tooth strength when previously
restored teeth undergo endodontic treatment (Federick and Serene, 1975):
i. A]teratién of endodontic access. Because the restoration
6%ten masks the true underlying anatomic form of the tooth,
the access cavity through the restoration usually has to be
enlarged to give the clinician more direct vision into the
pulp chamber. This procedure often results in the loss of a
considerable quantity of the tooth structure that forms the
underlying support for the restoration.
11. Decalcification of dentine. Calcified or obliterated canals
are often found in pfevious]y restored teeth. Chelating agents
(such as 10 to 15 percent EDTA) used as an aid to endodontic

instrumentation may decrease the strength of the residual

preparation.

111. Canal flaring. Techniques employing gutta percha as the primary
f1l11ing material usually require the flaring of the coronal one-

third of the root canal — a procedure which may further weaken

the tooth.
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14.5.2 Fracture of the tooth preparation

Fracture of the tooth. preparation underneath a restoration
resulting in pulp exposure may occur where the initial preparation
was inadequate, where the dentine has become brittle, in cases of
severe occlusal overload such. as bruxism (Henry and Bower, 1977, b)
as a result of traumatic injuries. Although a new restoration is
usually required after root canal therapy, occasionally the crown
(or bridge) may be re-used provided it is satisfactory in a]i aspects
and that "the fracture 1ine does not violate marginal Integrity”

(Henry and Bower, 1977, b).

Techniques of construction of a post-core foundation to fit a
completed but uncemented restoration are basically the same as those
used for fractured crown preparations which resulted in pulp exposures,
The use of a post-retained composite resin core (Federick, 1974) or a
cast gold post-core (Richardson and Padgett, 1974: Henry and Bower,

1977,b3Shirdel et al, 1977) in these cases, has been described by

several clinicians. In this technique the existing coronal restoration
1s used as a matrix during the formation of the post-core pattern and
the placement of the compésite resin core material. Final adaptation
of the réstoration to the post-core foundation may be verified by using
water-soluble indicating dyes*, or a silicone indicator paste@.
14.5.3 Pulp death underneath a ecrown or bridge

Once the éuccess of the endodontic treatment has been determined,

a pre-fabricated metal post may be cemented into the root canal of the
pulpless tooth in order to distribute functional and para-functional

occlusal stresses into the root. Because it is often difficult to

M

*Liqua-Mark, The Wilkinson Co., U.S.A.
@Fit-Checker, G-C Dental Industrial Corp., Tokyo, Japan.
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ascertain the extent of the loss of tooth structure underneath the
restoration, Henry and Bower(1977,b)suggested that the post should
be as long as possibhle, limited only by "the dictates of apical
endodontic seal".

Following the insertion of the post into the root canal, both
the pulp chamber and the access cavity may be sealed with amaTgam
(Henry and Bower,1977,b) or composite resin (Federick and Serene, 1975).
Alternatively, a cast gold post-core may be used in single-rooted
pulpless teeth. Henry and Bower(1977,b)suggested that when amalgam or
composite resin is used as the core material in the pulp chamber, the

access cavity may be restored with a gold inlay or with gold foil for

‘improved aesthetics and reduced corrosion” (as illustrated in Fig. 14.7).
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Fig., 14.1 a. to.c. stainless steel post-amalgam core foundation for a
fractured pulpless incisor tooth.

d. cast gold post-core foundation.

e. and f. composite resin core foundation for a root-filled
molar tooth.

g. to i. fractured lateral incisor tooth restored with a
stainless steel post and pin-retained composite resin core

foundation and a temporary acrylic resin crown.
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Fig. 14.2 a. Diagramatic representation of test method.
| b. Specimen mounted for testing#A,,meta1 plunger. B, Brass

bracket for attachment to testing machine.

Fig. 14.3 Examples of failed cast gold specimens after removal of

metal crowns.

i (from Chan and Bryant, 1982)
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Fig. 14.2; 14,3

Cast metal crown

Post—core foundation

Buccal inclined plane

Silicone liner

Acrylic resin

Fig.-14.2,a

14.2,b | 14,3




Fig. 14.4 Examples of failed amalgam specimens after removal of metal

CrOowns,

Fig. 14.5 Examples of failed composite resin specimens after removal

of metal crowns.

(from Chan and Bryant, 1982)

Fig. 14.6 These protruded maxillary pulpless teeth were restored with
cast gold post-cores and ceramo-metal crowns in order to

improve their aesthetic appearance.
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Fig. 14.4; 14.5; 14.6

o




Secondary intention post designs

a. tapered steel post and amalgam seal

b. cylindrical steel post and amalgam seal ( or
C. cast gold core on tapered post

d. cast gold core on cylindrical post

(- from Henry and Bower,1977, b)

gold inlay )
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CHAPTER 15

T—w

‘THE "CORONAL 'RESTORATION

15.1 Functions of the coronal restoration

15.2 Timing of restoration
15.2.1 Introduction .

15.2.2 Criteria indicative of successful root canal therapy
15.2.3 Period of post-operative observation

15.2.4 Timing of restoration
15.3 Design of the restoration
15.3.1 Introduction

15.3.2 Use of the remaining clinical crown
15.3.3 Location of gingival finishing Tines
15.3.4 The overall treatment plan
15.4 Restorations for endodontically-treated anterior teeth
15.4.1 Anterior teeth with relatively intact clinical crowns
15.4.2 Anterior teeth with eXtensive loss of clinical crown
15.5 Restorations for endodontically-treated posterior teeth

15.1 Functions of the coronal restoration

‘After the completion of the root canal therapy and the placement

of a post-core foundation — when it is indicated (5.3) — the treatment

of an endodontically-treated tooth is finished by the placement of a
coronal restoration. The functions of a post-core foundation and the
advantages of restoring an endodontically-treated tooth by a two-stage

procedure are considered in 5.2 and 5.5.5, respectively.

The aims (Rosen, 1961) of the final restoration may be (depending

on the .particular case):
1. to restore form and function,

2. to protect the remaining tooth structure from functional and
non-functional stresses,

3. to protect the pulpless tooth from recurrent caries,

4. to restore the aesthetic appearance whenever possible, and

0. tTo prepare the tooth as a possible abutment for a fixed or

removable prosthesis.

Wnether it is due to dehydration of the remaining tooth structure

or the structural weakening of the pulpless tooth for endodontic access,




302

1t is generally agreed that a pulpless tooth is more Tikely to fracture
than one with a vital pulp. Baraban (1969) therefore emphasized the need
to design the coronal restoration.so as to prodeé maximum strength to
protect the endodontically-treated tooth from future complications. In
situations where there is minimal tooth Toss, the provision of maximum
strength to protect the pulpless tooth may not be necessary.
15.2  Timing of restoration
15.2.1 Inmtroduction

Since it 1is usua11y'much-more difficult, and in some cases
impossible, to re-treat a root canal by way of the pulp chamber, after
the placement of a coronal restoration, particularly if root canal posts
are used, the clinician should evaluate the endodontically-treated tooth
careful ly to determine the prognosis of the endodontic treatment before
a permanent restoration is placed. This evaluation requires a
consideration of:

1. the griteria indicative of successful root canal therapy

(15.2.2), and |

2. the period of post-operative observation (15.2.3).
15.2.2 Criteria indicative of successful root canal therapy

Bender et al (1966) outlined some disadvantages of relying
entirely on radiographic interpretation and emphasized the need to
evaluate clinical signs and symptoms as well. They demonstrated how
a change in the angulation can give fhe impression of a healing lesion
by foreshortening vertically or by changing the angulation horizontally.
Conversely, if a lesion is small or is not apparent on the pre-operative
radiograph, a change in angulation can produce a misleading image of an
enlarging lesion. Differences in exposure and developing time can also
produce differences in film density giving a false impression of success
or failure. At times it is possible to have an apparently normal

appearance on the radiograph in the presence of pain and swelling — if
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the labial plate 1s extremely thin and the amount of bone destroyed is
not great enough to produce a contrast that can be visualized on the
radiograph.

In patients with certain systemic diseases (such as
hyperparathyroidism, multiple myeloma, Paget’s disease, polyostatic
fibrous displasia and uncontrolled diabetes), periapical areas of
radiolucency which are unrelated to endodontic conditions may manifest
themselves around some teeth and these areas will only disappear after
the generaTized disease is recognized and treated (Bender et al, 1966).

These authors suggested the following criteria indicative of
successful endodontic treatment:

1. absence of pain and swelling
disappearance of fistula
no loss of function

no. evidence of tissue -destruction

Ol = o N
» - & L

radiographic evidence of an eliminated or arrested area of

‘rarefaction after a post-treatment interval of from six months

to two years,

Although complete osseous regeneration following root canal
therapy is desirable (Harty et al, 1970; Jokinen et al, 1978), it is not
always achieved. In other parts of the‘body healing often occurs by
formation of scar tissue or tissue that bears no resemblance to the
original tissue, without loss of function (Bender et al, 1966). 1In the
periapical region, as Pennick (1961) and Grossman (1978, p.316) have

pointed out, repair might be by connective tissue rather than by bone

regeneration. In these cases the bony defect seldom fills in and thus
results.in a persistent periapical area in the radiograph. It has,

therefore, been suggested (Seltzer et al, 1967) that endodontically-

treated teeth with arrested areas of radiolucency which are functioning
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adequately and without adverse clinical symptoms should be regarded
as successfully treated and should be retained indefinitely.

Endodontically-treated teeth in the "questionab1ef category
may be observed for a Tonger period of time provided that the lesion
1s not becoming larger and there are no adverse clinical symptoms.
As long as the tooth is kept under observation, it remains as a
functioning unit in the mouth (Bender et al, 1966).

An unsuccessful case is one in which an area of radiolucency
has deveioped where none was present initially, or in which an initial
area of radiolucency has become larger, or in which the pulpless tooth
developed adverse clinical symptoms (Jokinen et al, 1978). If possible,
a conservative approach — re-treatment of the root canal by way of the
pulp chamber — should be attempted before resorting to surgical
treatment or extraction.
15.2.3 Period of post-operative observation

"A certain period of time must elapse before roentgenographic
evaluations of ehdodontic success or failure can be made" (Bender et al,
1966). The period of post-operative observation advocated by various
authors varies from six months to four years and Tonger. Both Nicholls
(1963) and Ingle (1965) considered, as a general rule, that a two-year
perfod of observation was adequate. Strindberg (1956) claimed that a
four-year observation period was needed. Bender et a? (1966) and
Seltzer et al (1967) found, in their studies, that most complications

or failures occurred within six months to two years after the completion

of treatment.
15.2.4 Timing of restoration

[T is evident therefore that there is considerahle doubt as to the
length of time that should elapse before the restoration of the

endodontically-treated tooth is commenced. When the clinical crown of
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the pulpless tooth is relatively intact and only a simple restoration
is required, there is little to be lost by placing the restoration as
soon as possible after obturating the root canal (Nicholls, 1963).
The situation is somewhat different when a more complex form of
Ftreatment such as a crown or a fixed or removable prosthesis is
planned; considerable time, effort and financial cost would be wasted
should extraction of the pulpless tooth become necessary due to
endodontic failure.

Where it is possible to correct an endodontic failure by
periapical surgery, Nicholls (1963; 1977, p.325) suggested that the
restoration of the pulpless tooth may be carried out approximately
one week after the complietion of the root canal therapy. Until the
pulpless tooth is proper1y restored, there is a greater risk of tooth
fracture. However, if the apex of the tooth is not accessible to
periapical surgery, Nicholls recommended deferring the placement of
the final restoration for "a few months until radiographs indicate
the maintenance of a normal periapex or the regeneration of bone
within a periapical lesion". If the pulpless tooth is to be used
as an abutment for a bridge or a removable partial denture, possible
interference with periapical healing, from the increased stresses on
the pulpless tooth, hay also be avoided by deferring the construction
of the appliance for several months.

In anterior teeth, Grossman (1978, p.316) advocated waiting at
least a week before placing a permanent restoration since, in general,
any unfavourable clinical reactidn, 1T 1t was to occur, would usually
take place within twenty-four hours after root canal obturation. Where
periapical bone was normal before endodontic treatment, it was stated
that a period of observation was not necessary before proceeding with

the restoration. It was suggested, however, that it may be advisable
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to obserye posterior abutment teeth with periapical Tesions fqr a
period of at least six months until there was evidence that the
rarefied area was reducing in size,

While it may be desirable in many cases, to allow for a period
of observation before placing the final restoration, the risk of
fracture of an unrestored endodontically-treated tooth should also
be considered. In general, endodontically-treated teeth that require
complicated forms of treatment have lost a substantial amount bf tooth
structure and it is not always possible to protect these teeth
adequately with temporary restorations during a prolonged period of
observation. The restorative procedures can certaiq]y be further
complicated should there be recurrent caries, crown or root fracture,
or a deterioration of the periodontal condition during the period of
observation. For these reasons, several authors (Frank, 1965, p.612;
Herschman and Weine, 1972, p.385; Mo%se, 1974, p.516) have advocated
the pTacement of the fiha] restoration as soon as possible after the
completion of the root canal therapy.

Johnson et al (1976) reviewed the literature and, to assist the
clinician, listed the following criteria which should be met by the
pulpless tooth before proceeding with the permanént restoration:

1, There should be radiographic evidence of a proper apical seal.

2. The tooth should not be sensitive to pressure applied from

any direction.

3. There should be an absence of drainage or exudate if a

fistula was present.

4. The tissue over the apical region should not be sensitive
to palpation.

5. All clinical signs of active inflammation should be absent.

Where there is any doubt about the prognosis of the endodontic

treatment, and particularly in cases which are very difficult or
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impossible to correct by periapical surgery, a waiting period of six
months or longer was recommended by Johnson et al' (1976). It was
suggested by Waliszewski and Sabala C19781 that, at the time of
restoration, there should be an absence of clinical symptoms, and
radiographic evidence of a return to normal architecture — no periapical
radiolucency, an intact lamina dura and a normal periodontal 1igament
space. (Others have suggested that there should at least be radiographic
evidence that the periapical lesion is becoming reduced in size before
any complicated restorative procedures are commenced (Nicholls, 1977,
p.325; Grossman, 1978, p.316).

Apart from the prognosis of the endodontic treatment, Grundy and
Glyn Jdones (1981) suggested that the risk of future trauma to the
puipless tooth should also be considered. If, for example, pulpal
involvement was initially due to some sporting accident, and future
trauma from this activity was still possible, they recommended postponing
the final restoration of these pulpless teeth until contact sports are
no longer played because "a blow to a post-crowned tooth is quite likely
to shatter the root, thus making extraction inevitable". These authors
appeared to assume that, normally, only the clinical crown of an
unrestored pulpless tooth would fracture making it possible to restore
the remaining root.

It is reasonable, therefore, to suggest (Nicholls, 1977, D.325)
that if the restoration is to be deferred for an appreciable length of
time, the endodontically-treated tooth should be adequately protected
against possible fracture. The temporary restoration should be properly
contoured for easy plaque control, to minimize the risk of recurrent

caries and the possibility of tilting, and to prevent over-erruption or

movement of opposing or adjacent teeth.
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15.3 Design‘df the restoration
15.3.1 Introduction

The choice of the restorative material and technique used in the
restoration of endodontically-treated teeth depends largely on the amount
of remaining sound tooth structure (Baraban, 1967; Nicholls, 1977, p.326).
Clinically, the decision — whether a more conservative or a moré radical
approach is to be adopted — may be influenced by one or more of the
following factors:

1. The role of the pulpiess tooth in the overall treatment plan

(Baraban, 1967). The tooth may be restored as a single unit or

1t may be used as a major or minor abutment for a fixed or

removable prosthesis.

2. The occlusion and occlusal habits of the patient (Baraban,

1967). If the anticipated occlusal load on the tooth is large

the restoration should be designed to provide maximum strength

and protection.

3. The demand for aesthetics in*that part of the mouth.

4. The periodontal condition of the tooth and the necessity

for splinting.

5. The ability and motivation of the patient to control plaque.

6. The age of the patient.

/. The financial cost of the restoration may also be a Timiting

factor in some cases.

Over the years, many restorative materials and techniqﬁes have
been used to restore endodontically-treated teeth with varying degrees
of success. Because the aesthetic requirements and the nature of
occlusal stresses are usually different, the restoration of anterior
teeth (15.4) is considered separately from posterior teeth (15.5).

Several basic principles are, however, applicable for both anterior and

posterior pulpless teeth (15.3.2, 15.3.3 and 15.3.4).
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15.3.2 Use of the remaining clinical crown

With the aid of post-retained or pin-retained, cast gold, amalgam
or composite resin core foundations, it is usually possible to build up
the remaining clinical crown to enable the achievement of an ideal or
‘classical" preparation (Kafalias, 1975) for the final coronal
restoration (Colman, 1979). The alternative method of attaining the
necessary retention and resistance form by utilizing only the available
remaining sound tooth structure is usually only a compromise.
15.3.3 Location of gingival finishing lines

Regardless of the type of core material used, whenever possible,
the margins of the final coronal restoration should be placed on sound
tooth structure apical to the junction of the post-core foundation and
the tooth (Colman, 1979; Lester, 1981). This is particularly important
for composite resin core foundations because of their somewhat inferior
long-term marginal integrity compared to amalgam (14.3.3). This
procedure offers several advantages. The preparation is more retentive
because of the greater length of the axially-directed walls, there is
only one set of exposed margins and, in general, the aesthetics can be
improved (Colman, 1979). If a full crown 1s used, this apical extension
o the coronal restoration will also provide a coping or "ferrule" effect
to protect the remaining root from vertical fracture (Rosen, 1961;
Eissmann and- Radke, 1976, p.538). In cases of extensfve 1oss of sound
tooth structure, it may be more practical to establish part or all af
the margins of the final restoration on the post-core foundation itself
(Colman, 1979). Periodontal surgery may occasionally be necessary to
€Xpose sound tooth structure. In the cases where the core material is

éxposed on the surface of the restored tooth, only cast gold or ama | gam

should be used for the core foundation.
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15.3.4 The overall treatment plan
The absence of vital pulp tissue and the availability of the root
canal for the retention of core foundations and prosthetic appliances
increase the number of options available to the restorative dentist.
With the use of properly designed post-core foundations, many

restorations used for the treatment of vital teeth can also be used *to
restore endodontically-treated teeth with 1ittle or no modification to
cavity design. Malaligned teeth can have their restored clinical crowns

placed in a more aesthetic and functional position in the arch (Fig.

14.6) than is often possible when a vital pulp is present (Pickard,
1964). Within reason, abutment preparations for a fixed prosthesis can

also be paralleled by the use of a properly designed post-core foundation

(Nicholls, 1963). More space can be made available for a thicker
porcelain veneer which increases the strength of the crown and produces

a better aesthetic result (Kafalias, -1975). Root caps, with or without
attachments, used in conjunction with overlay dentures, are a useful
adjunct in the prosthodontic treatment of partially edentulous patients.

Because the "retained teeth" are shortened and covered by the ovefdenture,
only very rarely is this technique possible in teeth with vital pulps

(Frank et al, 1976, p.788-796).
Although Kafalias (1975) noted that, where necessary, "non-vital

teeth make tremendously good abutments and indeed may be ranked equal to

vital teeth in crown and bridge circumstances”, it should be the aim of
every clinician to preserve the vitality of a tooth whenever possible.
Because of the inevitable weakening of the tooth, intentional

devitalization should only be employed when alternative forms of treatment
are either impractical or less desirable to the overall treatment plan, or
when the Tong-term maintenance of pulp vitality is very doubtful.

The following discussion on the different types of restorations

used in anterijor (15.4) and posterior (15.5) endodontically-treated teeth
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1s divided into two sections according to the physical condition of the
pulpless tooth: | |
i. The clinical crown is relatively intact.
11. There is extensive loss of tooth structure in the clinical
crown.

15.4 Restorations for endodontically-treated anterior teeth

15.4.1 Anterior teeth with relatively intact clinical crowns
15.4,11 Introduction

Apart from the endodontic access cavity, the clinical crown of an
endodontically-treated tooth in this category is relatively intact; a
small proximal Tesion or a small incisal fracture due to trauma may be
present. The indications for the use of root canal posts in these teeth
have already been considered in 5.3.21 — unless the pulpless tooth is
going to be an abutment for a fixed bridge or is to be subjected to
excessive occlusal stresses, a simple restoration.is usually all that
1s required. Discolouration of an endodontically-treated tooth is a
common occurrence which, in many cases, can be prevented (or at least
minimized) by proper attention to the tooth during various stages of the
root canal therapy (2.5). Unfortunately, the possibility of using
bleaching techniques to correct this aesthetic problem is often
overlooked and many relatively intact discoloured pulpless teeth are
restored with post-core foundations and some form of full veneer crowns.
For this reagon,'the causes, the prevention and the treatment of
discoloured endodontically-treated teeth are considered first, followed
by a discussion of the restoration of these pulpless teeth.
15.4,12 Bleaching of discoloured, endodontically-treated teeth

Although it is desirable to prevent discolouration of the pulpless

tooth in the first place (Sommer et al, 1966, p.490), it is not possible

1n some clinical situations. An understanding of the causes of tooth
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discolouration will assist in the preyention of discolouration, in the
selection of cases for treatment and in the actual bleaching procedures.

A. Causes and prevention of discolouration

Several factors have been known to cause tooth discolouration:

1. Pulpal haemorrhage caused by trauma

Pulpal haemorrhage has been described as the most common cause
of severe tooth discolouration (Sommer et al, 1966, p.489). This

haemorrhage may be associated with vital pulp extirpation or may be

the result of traumatic injuries (Nutting and Poe, 1967).

According to Grossman (1978, p.323), traumatig injury of a tooth
may cause the rupture of blood vessels in the pulp with diffusion of
blood into the dentinal tubules. Such teeth often become stained almost
immediately after the accident. The released erythrocytes subsequently
undergo haemolysis and the iron, made available by the degeneration of
haemoé]obin, combines with hydrogen sulphide produced by bacteria, to
form a black compound, iron sulphide. The penetration of the dentinal
tubules by this pigment is considered to be the prime factor in the
darkening of the tooth in these cases.

Because pulpal haemorrhage caused by trauma cannot be prevented,
there is Frequent]y discolouration already in the tooth by the time the
patient presents for treatment. In these cases, the clinician should
attempt bleaching as soon as possible (Frank, 1976, p.529).

11. Haemorrhage following pulp extirpation

Extirpation of a vital pulp is frequently associated with
excessive haemorrhage and subsequent discolouration unless prompf
action is taken by the clinician. If blood, having penetrated into
dentinal tubules, is allowed to remain and deteriorate, discolouration

comparable with that associated with trauma-induced haemorrhage occurs.

In a young tooth, with a large pulp chamber, a wide root canal and wide

dentinal tubules, the possibility of discolouration tends to be greater




313

(Frank, 1976, p.529; Grossmén, 1978, 'p.324). Grossman (1978, p.323)
therefore recommended that during endodontic tﬁeatment:

a. the pulp chamber and the root canal should be thoroughly
irrigated to prevent diffusion of blood into the dentinal
tubules, and

b. pulpal remnants that might lead to further haemorrhage 1in
the root canal should be completely removed.

iii. Necrotic material in the pulp chamber

The decomposition of pulp tissue is a common cause of tooth

discolouration — particularly if the pulp is putrescent (Grossman,
1978, p.322). 1In general, this type of staining is less severe than
that caused by haemorrhage. Because of the frequent occurrence of slow,
relatively symptom-free pulp death and the slow formation of tooth-
staining compounds, it is probable that many teeth remain untreated
for some months, or even years, after pu]p death. There is evidence
of a direct relationship between the length of time these compounds
are allowed to remain within the pulp chamber and the degree of
discolouration {Frank, 1976, p.529); Frank suggested that this delay
before treatment might influence the prognosis of the subsequent
bleaching procedures.

1v. Medicaments and sea]ing‘agents

Certain medicaments and sealing agents used in root canal therapy

may cause tooth discolouration (Frank, 1976, p.529:; Grossman, 1978, n.323).
Root canal medicaments known to cause staining to tooth structure include
iodides, iodoform, silver nitrate, mercuric chloride and silver-containing
paste, sea]ing materials., Frank (1976, p.529) suggested that root canal
medicaments and sealing agents should be selected not only on the basis

of their effectiveness but also with regard to their potential for

staining.
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v. Inadequate endodontic access

If the endodontic access cayity into the pulp chamber is inadequate,
a large portion of the pulp horns remain inaccessible to mechanical and
chemical debridement. Blood, necrotic debris, offending medicaments and
sealing agents may become trapped in this inaccessible space and remain
unobserved (Fig. 15.1,a). This caﬁ Tead to crown discolouration as well
as the recontamination of the root canal during endodontic treatment
(Sommer et al, 1966, p.489; Frank, 1976, p.530; Grossman, 1978, p.324).

vi. Restorative materials

Discolouration of the remaining tooth structure by restorative
materials is dependent upon the type of material used (Grossman, 1978,
p.323). Amalgam, which is often used to restore the lingual access
cavity in anterior teeth, has been reported to produce, in these pulpless
teeth, a dark grey to bluish-black stain depending on the type of alloy
used and the amount of mérgina] leakage that has occurred. Although
gold is seldom responsible for discolouration, it may combine with the
products of dental caries to produce a dark brown stain. Acrylic resin,
composite resin and silicate cement restorations may be associated witn
coronal discolouration after gross marginal leakage has occurred.

vii. Extrinsic and intrinsic factors

A miscellaneous collection of other factors, of either extrinsic
or intrinsic origin, may occasionally be responsible for the discolouration
of tooth structure (Frank, 1976, p.530-531).

Extrinsic factors contributing to tooth discolouration include
the prolonged use of staining food and fluids, such as tea and coffee,
and the use of tobacco (chewing and smoking). The stain is normally

confined to the tooth surface and can usually be controlled by a

combination of oral hygiene at home and, periodic prophylaxis in the

dental office.
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Discolouration, of an intrinsic origin, may be caused by certain
systemic conditions affecting the individual during the stages of tooth
formation. The colour and degree of staining vary according to the
condition and its duration. Examples of these intrinsic factors include
congenital porphyria, dentinogenesis imperfecta, cystic fibrosis of the
pancreas, erythroblastosis foeta1is; jaundice and endemic fluorosis
(Zegarelli et al, 1967; Frank, 1976, p.o31l; Grossman, 1978, p.322).
Chemotherapy, by administration of many of the tetracycline group of
antibiotics, has frequently been responsiblie for a characteristic

discolouration of the dentition (Cohen and Parkins, 1970; Arens et al,
1972).

B. Case selection

The prognosis for the bleaching procedure is influenced
principally by the cause and the severity of the tooth discolouration.

Discolouration caused by the products of pulp degeneration, haemorrhage

and debris usually presents a reasonably good prognosis (Frank, -1976,

p.531). If the stain is caused by the penetration and precipitation of

metallic salts and silver-containing medicaments, sealers and

restorative materials, and has been present for a long time, the prognosis

1s generally poor (Sommer et al, 1966, p.497; Nutting and Poe, 1967:

Frank, 1976, p.531: Grossman, 1978, p.322) — for example, Fig. 15.1,b
(20 years),

\

Before proceeding with the bleaching procedure, several factors

should also be considered. First, the type and quality of the root canal

f111ing. Bleaching is contra-indicated 1t the apical seal is inadequate
because of the presence of a poorly condensed gutta percha root filling,

a paste sealer or a silver point root filling (Fig. 14.1,c and d). It
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and cause discomfort to the patient (Sommer et al, 1966, p.498; Nutting
and Poe, 1967). Secondly, consideration should be given to the
condition of the remaining tooth structure. If the crown has been
restored many times or ‘has defects such as fractures, cracks or
hyperplastic enamel, the final result is likely to be aesthetically
poor even though bleaching is effective. In these cases, a full
coverage restoration is probably the most judicious treatment (Nutting
and Poe, 1967).

C. Bleaching agents

The bleaching of the crowns of discoloured teeth is not new,
Over a hundred years ago, Chapple (1877) advocated the use of oxalic
acld as a bleaching agent. 1In 1878, Taft suggested-the use of calcium
hypochlorite and Harlan, in 1884, was probably the first to suggest
the use of hydrogen peroxide for b]eachjng (Stewart, 1965). In 1895,
Westlake referred to the use of Pyrozone for bleaching pulpless teeth
and it wasn't until 1918 that Superoxol was introduced by Abbot
(Stewart, 1965). 1In 1961, Spasser reported success with a technique
using sodium perborate as the bleaching agent; Nutting and Poe (1967)
found that Amosan was equally effective when combined with hydrogen '
peroxide,

superoxol* is a 30 per cent aqueous solutign of hydrogen peroxide.
IT is a clear, colourless and odourless liquid usually supplied in Tight-
proof amber bottles. The solution retains sufficient potency for a
period of three or four months if refrigerated and kept isolated from
contact with organic material. Superoxol should not be exposed to heat
because of the risk of explosion and care should be taken to prevent
contact with the eyes, the skin as well as the oral mucosa; an unpleasant
——
*Merek & Co., Inc., Rahway, N.J., U.S.A.
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(but short-lasting) pain may result from a Superoxol burn, The tissues
around the tooth to 5e 51eaéhed should therefore be covered with

petroteum jelly or cocoa butter for protection, and all bleaching with

Superoxol must be done under a rubber dam (Sommer et al, 1966, p.490-491;
Grossman, 1978, p.324-325). In an experiment by Sommer et al (1966,
P.490), no difference in the degree of bleaching was observed when
hydrogen peroxide solutions of higher concentrations (50 per cent and
90 per cent) were used.

Pyrozone is 25 per cent hydrogen peroxide in 75 per cent ether.
The advocates of Pyrozone (Dietz, 1957; Pearson, 1958) stated that it
%s more effective than Superoxol because ether has a lower surface
tension and may penetrate deeper into the dentinal tubules. However,
ether is flammable and can be explosive; its odour can be nauseating
to some individuals and it has a very limited shelf-1ife even when
refrigerated. The same precautions should be taken as with Superoxol
(Nutting and Poe, 1967).

Sodium perborate is stable in the dry (powder) state; in solution
with water, it decomposes into sodium metaborate, hydrogen peroxide and
oXygen and has been found to be an effective bleaching agent (Spasser,
1961). Some clinicians (Nhtting and Poe, 1967) prefer Superoxol as the
I1quid instead of water reasoning that the combination of the two
chemicé]s should be more effective since both compounds release oxygen.
Amosan* is a convenient form of sodium perborate (sodium perborate -
68.6%, sodium bitartrate - 29.4%) available commercially.

D. Bleaching techniques

The techniques currently advocated for the bleaching of
endodontically-treated teeth are based on the use of 0X1dizing agents —

-_-__-_____m“_

*Cooper Laboratories, Brookvale, N.S.W., Australia
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chemicals that directly release oxygen. The main difference between
them 1s the method whefeby oxygen 1is released (Frank;'1976, p.531).
The "walking bleach" technique suggested-by Nutting and Poe
(1967) was, in effect, a modification of Spasser's technique in which
a paste of sodium perborate and water was sealed in the pulp chamber
between appointments. Instead of water, Nutting and Poe (1967) used
Superoxol with the sodium perborate. According to Frank (1976, p.532)
"1t 1s the best technique for non-vital teeth". The clinical procedures
are simple, require a minimum of chairside time and no special
armamentarium is required.
The clinical procedures as outlined by Nutting and Poe (1967)
and Frank (1976, p.532) are basically as follows:
1. Record the shade of the discoloured tooth with a shade guide
for later evaluation before placing rubber dam.
2. Protect the gingival tissues with petroleum jelly (or cocoa
butter) if Superoxol is used. Isolate the discoloured tooth with
a. rubber.
3. Remove all materials from the pulp chamber to a Tevel 2 to 3‘mm
apical to the gingival margin. Remove all caries and defective
restorations.
4. A small amount of the surface layer of dentine in the pulp
chamber may be removed with a slowly rotating round bur. The
freshened deﬁtine permits easier penetration of the bleaching
agents.
0. If the root canal has heen obturated with a silver point,
place a 1 mm layer of accelerated zinc oxide/eugenol cement over
the canal orifice. This helps to prevent leakage of the bleaching
agents to the apical region. Allow the cement to set before

proceeding with the next step. This step is unnecessary if a

well-condensed gutta percha root filling is present.
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6. To ensure the cleanliness of the modified pulp chamber,
Sommer et al (1966, p.492)] suggested the use of a solution
made up of one part of chloroform in three parts of 90 per cent
ethyl alcohol. They found that this was a vefy effective
dehydrating agent; in addition, the chloroform content tended
to dissolve away any fatty or oily substances which may be
present in the pulp chamber. The cavity is then dried with
blasts of warm air.

/. Mix the sodium perforate and water (or Superoxol) to a thick

paste and place into the pulp chamber. Clean the margins of the
access cavity aﬁd leave a cotton pellet in place.
8. Seal the cavity with a temporary filling material (for
example, Cav1t¥, or zinc phosphate cement) and hold firmly in
place until set; otherwise the 1fberation of oxygen will cause
~escape of the chemical.
9. The bleaching takes place at body temperature after the
bleaching agents have been sealed in the discoloured tooth.
The result is examined in four to seven days. If 1nadequate
bieaching has occurred, a fresh mix of bleaching agent is
placed in the pulp chamber., If possible, it is desirable to.
overbieach the discoloured tooth slightly in case some colour
regression occurs. Once the desired shade is obtained, the
final coronal restoration is placed.
Several materials have been suggested for the prevention of
re-discolouration after bleaching. Sodium fluoride (Dietz, 1957)

and clear acrylic resin monomer (Pearson, 1958; Nutting and Poe, 1967)

may be applied to the walls of the pulp chamber before the placement

M

*Cavit, ESPE, Oberbay, W. Germany.
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of the restoration, to seal the dentinal tubules and preyent
discolouration by Teakage. Grossman (1978, p.329) recommended
the use of a silicone fluid to restore the translucency of the
tooth structure before placing the final restoration.

An alternative technique commonly used to achieve bleaching
1s the thermocatalytic technique (Frank, 1976, p.532) in which heat
is used to release the oxygen from the 30 per cent hydrogen peroxide
solution. The discoloured pulpless tooth is prepared for bleaching
In a manner similar to that described for the "walking bleach" technique
(steps 1 to 6). Depending on the type of heat source, additional
protection of the soft tissues and adjacent teeth from the heat
generated may be necessary. Water-moistened gauze pads may be placed
under the rubber dam to cover the 1ips and soft tissues.‘ Cotton pellets
loosely packed in the pulp chamber are saturated with the hydrogen
peroxide solution. Heat is then applied to activate the bleaching
process.

Over the years, a variety of heat sources have been used to
activate the hydrogen peroxide. These have been described in detail
and include:

1. electric 1ight bulbs in lamps of different designs (Pearson,

1958; Sommer et al, 1966, p.495-496; Grossman, 1978, p.325-328)
heated ball burnisher (Frank, 1976, p.532)

heated root canal plugger (Stewart, 1965)
ultra-violet light (Howell, 1981)

soldering iron insulated with asbestos (Cohen and Parkins, 1970)

oy, O A o N
- L o L

. Coagulate ball electrode of an electrosurgical unit

(Whaledent International, 1979)

When using the thermocatalytic technique, Tocal anaesthetic should

never be used. The patient should he totally aware and be abBle to respond
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if the heat becomes uncomfortable in order to ayoid unnecessary damage
to the pulps of adjacen£ teeth and surrounding soft tissues. In
addition, if leakage of the hydrogen peroxide occurs, the patient will
be able to feel a burning sensation. One major advantage of this method
1s that some improvement is usually apparent within twenty to thirty
minutes of the commencement of treatment. If the desired shade is not

obtained during the first appointment, a bleaching agent can also be

sealed in the pulp chamber until the tollowing appointment.

E. Possible complications associated with the bleaching of

endodontically-treated teeth

A report of several clinical cases of external resorption of the

cervical region of crown and root structure (Harrington and Natkin, 1979)

has suggested that these complications may have been caused by the

bleaching of the endodontically-treated teeth. It was suggested that

in the cases reported, the bleaching agent (Superoxol) could have diffused

through the patent dentinal tubules into the cervical periodontal 1igament

during the bleaching procedure and initiated an inflammatory resorptive

process,

15.4.13 The coronal restoration of relatively intact endodontically-

treated anterior teeth

When there is only a small loss of tooth structure mesially or

distally, in addition to the endodontic access cavity, the entire defect

may be restored with an acid-etched composite resin restoration (Nicholls,
1977, p.326).

use of this material should pe avoided in anterior pulpless teeth (Frank,

1976, p.534)., If needed, metallic restorations should only be
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teeth with considerable bulk bucco-lingually, such as maxillary canineg,
so that discolouration of the clinical crown is avoided (Nicholls, 1977,
p.327). The‘pulp chamber is first filled with composite resin, a 1light
shade silicate cement or zinc phosphate cementy; the gold foil or amalgam
restoration is only placed just "pulpal" to the dentino-enamel junction.
15.4.2 Anterior teeth with extensive loss of clinical crown

Provided there is no objection to the appearance of gold in this
part of the mouth, gold inlays may be used to restore small to moderate
size defects (Healey, 1957). However, if the clinical crown is weakened
to such a degree by the preparation'that a post may be necessary to
prevent fracture, other forms of treatment should be considered.

The use of post inlays in anterior pulpless teeth with moderate
loss of tooth structure was discouraged by Barker (1963). Because the
post and the coronal inlay must have é common path of insertion, there
is usually an excessive display of gold. In addition, the need for
extensive facings and the discolouration of the remaining tooth structure
in a re1étive1y short time often make this type of inlay a "temporary"
restoration. The removal of such an inlay with a post of proper length
can be a hazardous and very difficult procedure. Therefore, if the use
of a post is indicated, it is preferable to complete the post-core
foundation first before proceeding with the construction of the coronal
restoration. The'many advantages of following such a sequence have been
outlined in 5.5.5. For these reasons the use of one-piece post-crowns
such as the Richmond, Davis and the more modern porcelain fused to metal
post-Crowns, is discouraged; Deﬁails of the toéth preparation and the
construction of these types of post-crowns ha?e been described in several
publications (Goslee, 1903; Baker, 1960; Barker, 1963; Tylman, 1965,
p.//6-785; Sommer et al, 1966, p.500~524) and are not discussed here.

Since the use of a post is usually indicated in Broken down

endodontically-treated teeth, a full crown placed over a post-core
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foundation probably offers the most suitahle form of treatment in many
cases. The se]ection-of thé material and design for the crown
restoration is, in prinéip]e, similar to that for vital teeth.
Precious and non-precious alloys, porcelain, acrylic resin and more
recently, composite resin, have been used for the construction of
anterior full crowns. Amongst these, the porcelain bonded to metal
crowns and thé porcelain jacket crowns are probably the most commonly
used. Details of the principles of their use, their design and
construction is beyond the sc0pé of this discussion; the reader may
refer to téxtbooksron fixed prosthodontics for additional information.
Where only a smalt number of periodontally sound teeth remain
in the arch, they can often bé useful for thg support of an overlay
denture. Following endodontic treatment and the removal of the clinical
Crown the remaining root can be restored with simple amalgam restorations
or cast gold root caps with or without precision retaining devices
incorporated. Information on these techniques can be .obtained by
referring to textbooks and publications on prosthodontics (Lord and

Teel, 1974; Frank et al, 1976, p.788-796; Crum, 1978, p.569-586).

15.5 Restorations for endodontica11z—treated posterior teeth

"Vertical fracture of a posterior tooth in a mesio-distal plane
1S resisfed by the roof of the pulp chamber and by the marginal ridges
which together serve to join the buccal and tingual aspects 6f the tooth”
(Nicholls, 1977, p.327). In the posterior region of the mouth, pulpal
degeneration due to trauma is uncommon when compared with anterior teeth;
in addition, carious lesions large enough to cause pulpal degeneration
rarely involve only the occlusal surface of the tooth. On the rare

occasions where a posterior tooth has been treated endodontically through

a conservative access cavity but is otherwise intact, a simple amalgam

restoration would probably be adequate (Tidmarsh, 1976; Nicholls, 1977,
p.327).
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The importance of cuspal protéction in the design of the coronal
restoration for posteridr pulpless teeth has been emphasized by many
authors (Healey, 1954; Frank, 1959; Gilmore and Lund, 1973, p.260-265;
Frank et al, 1976, p.778; Herschman et al, 1976, p.445; Tidmarsh, 1976;
Nicholls, 1977, p.327-328). Where one of the marginal ridges has been
lost, a gold restoration with full cuspal coverage is indicated to
prevent fracture of the remaining crown (Fig. 15.2). When both marginal
ridges are missing, provided the remaining cusps are adequately supported,
an MOD onlay capping the buccal and lingual cusps would generally provide
adequate protection against vertical crown fractures (Frank et al, 1976,
p.7/78; Nicholls, 1977, p.327-328). If the cost of the cast gold
restoration is a problem, amalgam may be used as an alternative to
provide cuspal protection although cast gold is generally better because
of its superior strength and lack of flow under load (Tidmarsh, 1976).
Because of the lack of strength of amalgam in thin sections, more tooth
Structure has to be remove@ Lo ensure adequate strength in the amalgam
restoration. Prefabricated metal posts may be cemented into the prepared
root canals prior to the placement of the ama lgam restoration and this
may serve as an interim post-core restoration until a cast coronal
restoration is placed (Fig. 15.3). Brown et a] (1979) suggested the use
of pin-retained amalgam restorations when the prognosis of the endodontic
treatment is questionable. This allows the re-treatment of the root
canals by way of the pulp chamber should it become necessary at a later
date.

when‘the loss of coronal tooth structure is more exténsive and a
three quarter crown or full crown (metal or ceramo-metal) .is indicated,
it is usually preferable to build up the clinical crown first with a post-
core foundation (with either amalgam or composite resin) before proceeding
with the construction of the crown (Fig. 15.4 and 15.5). One-piece post-

Crowns like that described by Lister (1972) are generally not recommended.




Fig. .15.1 4. An'inadequate endodontic access cavity creates a harbour
| for bacteria and necrotic debris.which may cause  crown

discolouration and poss{b]y failure of the root canal therapj.

b. This pulpless tooth has been discoloured for over 20 years

and was found to be resistant to bleaching.

.

; c. Central incisor with a poorly condensed root fi11ihgiand

an inadequate access cavity before treatment.

d. Same tooth 2 years after re-treatment and obturation of

the root canal with gutta percha points and sealer and
bleaching with sodium perborate. The Tingual access cavity

was restored with a Tight~coloured acid-etched composite

resin.

F1ig. 15.2 Adequate restoration with cusﬁéi protection may have
prevented the fracture of these endodontical ly-treated

posterior teeth. The prognosis of the fractured molar in

Fig. 15.2, b is poor.

Fig. 15.3 a. Extensively restored molar requiring endodontic treatment.

b. Clinical condition of the tooth following endodontic

treatment.
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15.3,a




Fig. 15.3 .c¢. Qcclusal view of the prepared tooth.ready. for insertion of
root canal posts. Buccal and Tingual cusps have : been reduced

sufficiently to prbvide bulk in the coronal amalgam

restoration.

d, e and-f. Completed coronal amalgam restoration several
weeks after endodontic treatment. This may be used as a

foundation for a cast restoration in the future.

Fig. 15.4 a. This root-filled mandibular premolar abutment for a

removable partial denture was inadequately restored with

a pin-retained amalgam restoration.

b. The existing restoration and recurrent‘caries around the
pins were removed and as much of the buccal Cusp as possible
was retained. A stainless steel post of adequate length was
cemented into the root canal and to support an amalgam core

foundation. A complete cast metal crown will complete the

restoration of this abutment tooth.

Fig. 15.5 An endodontically-treated molar restored with a post-retained

amalgam core foundation and a'g-veneer crown.
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15.3,d

Fig.15.3,c to f; 15.4; 15.5

15.4,a
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