Special Report

Reducing the risk of sensitivity and pulpal complications after the
placement of crowns and fixed partial dentures
Martin Brännström*
Abstract Sensitivit}- after cementation ofa crown with glass-ionomer cetnent is often
attributed to an adverse effect on the pulp by the luting agent. Most permanent
restorative materials in common use today do not tend to irritate the pulp.- the main
cause ofpulpal damage is infection, the bacteria originating in the smear layer or
deep in the dentinal tubules, inaccessible to caries-excavating procedures. A poorly
ftttlng provisional crown may expose cut dentin to the oraißuids. and mechanical
trauma caused by frictional heat during preparation may also damage the pulp.
The following precautions are recommended during precementation procedures to
reduce the risk of an inflammatory response in the pulp, {i) The provisional crown
should be wellfttting. covering cervical dentin but not impinging on the periodontal
tissues. The permanent crown should be cemented as soon as possible. (2) The
superficial smear layer should be removed and the déminai surface should be
treated with an antibacteriai solution before the provisional crown Is placed.
(3) To decrease dentinal permeabilit}- under the provisional crown, the dentinal
surface should be covered with a liner that can be easily removed before flnal
cementation. (4) To ensure optimal micromechanical bonding, the dentinal
surface should he thoroughly cleaned, and the dentin should be kept moi.it until
cementation. (5 ) The occlusion should be carefully checked before cementation of
the crown. (Quintessence Int ¡996;27:673'678.)

Introduction

Clinical relevance
Postcementation sensitivity is usually caused by
bacterial infection and may be circtimvented by
precautions taken during precementation procedures, such as removal ofthe superficial smear
layer from cut dentin, antibacterial treatment, and
application of a liner, before placement of a wellfitting provisional crown.
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In January 1995, I received a letter from an oral
pathologist who is a friend and colleague. Among
other things, he shared a problem he had and asked my
advice. In his words:
Recently 1 had a bad experience with a glass-io no mcr luting
cement, A cusp broke off one of my lower first molar teeth
and my dentist recommended the tooth to be crowned.
There was no caries or history of pain. The crown was
cemented with a glass-ionomer cement [Keta-Cem,
ESPE], At the time of cementation the tooth was very
sensitive to air blasts, but the pain did not linger, CaviDry
IParkell] was applied to the preparation, but subsequently
moisture was applied so as not to desiccate the dentin.
Following cementation 1 experienced a dull, intennittent,
gnawing pain ¡n the tooth for about 3 weeks. It is now 7
weeks since the crown was cemented, and the pain has
completely disappeared, but the tooth is stiii somewhat
sensitive to cold. 1 hope this means that the pulp has not
become necrotic. Now, after 24 weeks, the sensitivity has
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subsided, Tlie dentist who treated ihe tooth is considered to
be one of the best in the region in which he practices. Can
you [Martin Brännsttöm] shed any hght on this problem?

In all probability, the cause of this patient's discomfort was a fluid gap nearest the dentin; the hypersensitivity to cold suppons this view. However, the dull pain
suggests activation of intradental unmyelinatcd sensory nerve fibers (C fibers), which raises the possibility that the dentin was already infected. The problem
with the dentinal crack syndrome has been discussed
elsewhere.' The resulting inflammation would produce an increase in interstitial pressure and formation
of inflammatory mediators, both of which could
contribute to C-fiber activation (dull palti).
This case warrants further consideration. Many
authorities believe that the primary cause of postcementation sensitivity is the luting cement. The
problem should be broadened to include the precementation procedures as weli as the postoperative
pain, which may not be related to cementation but may
determine the survival of the pulp. Analysis of the
problem of postcementation sensitivity is based in part
on my 45 years of clinical experience and 37 years of
experimental research. The solutions I propose may be
provocative. Some are based on numerous experiments, while others are more speculative and may, it is
hoped, stimulate further research.
The etiology of dentinal and pulpal pain
It has been shown that about 5% to 24% of crowns and
fixed partial dentures may in time result in pulpal
complications and periapical inflammatory lesions
(Olgart L, personal communication, 1991), The different results of retrospective studies can best be
explained by the variability in the length of the
postoperative follow-up. Before clinical details are
discussed, the general etiology of dentinal and pulpal
pain as well as pulpal inflammation and necrosis
should be summarized.
Bacteria t infeclion
During the last 24 years, it has been shown in
numerous experiments that infection is the main cause
of pulpal damage under restorations,'"•* None of the
commonly used permanent restorative materials will
produce inflammation in the pulp to any appreciable
extent. These results have been confirmed in germ-free
rats**'^ and in experiments with primates.^
The fact that restorative materials are not toxic can
be demonstrated by placing them either in close

proximity to or on the exposed pulp. This is also true
of thin mixes of various luting cements. However, there
is one exception: zinc oxide-eugenol cements. These
may cause slight-to-moderate inflammation, but the
inflammation generally subsides within 2 weeks. This
has been observed in three separate studies,' one of
which involved the use of IRM (Caulk).
Even in shallow cavities, bacteria growing on the
cavity walls can produce pulpal injury. In one experiment, a shallow cavity was prepared in an intact
premolar that was to be extracted for onhodontic
purposes. The cavity was cleaned with acid for 5
seconds to remove the smear layer and expose the
orifices of the dentinal tubules. The cavity was filled
with provisional gutta-percha stopping (a material that
is known to allow saliva to enter the cavity) for 3
weeks. Following extraction, the tooth was examined
histologically. Bacteria were observed on the cavity
walls as well as in the dentinal tubules. Bacterial
products and some bacteria had reached the pulp and
produced localized necrosis.'
Flow of deniineal fluid
My colleague, referred to earlier, did not experience
any pain during the 3-week period that the preparation
was covered with a provisional crown. Presumably,
this was because there was an outward now of dentinal
fluid through thousands of dentinal tubules and the
temporary cement. Such drainage can relieve pulpal
pressure that results from inflammation and also
remove inflammatory stimuli that might activate intradental sensory nerve fibers. Such agents might be
pro stag land ins, bradykinin, and serotonin.' Histamine
seems to be less important, because there are few mast
cells in the dental pulp.^
Following removal of the provisional crown, the
application of blasts of compressed air to my correspondent's dentin produced pain, presumably resulting from the activation of the low threshold myelinated
nerve fibers (A fibers) that are responsible for dentinal
sensitivity. A short air blast is capable of remo^ang
enough fluid from the dentinal tubules to activate
capillary forces that produce a rapid outward flow of
dentinal fluid. A rapid outward shift of only 2 |j.m is
known to activate intradental A fibers.' Possibly the
shght sensitivity to cold 6 weeks after final crown
cementation was evidence of a fluid gap nearest the
dentin somewhere under the crown or at least tubules
opened to the pulp in a gap. Contraction of the fluid
produced a compensatory outward flow of fluid from
the tubules, similar to what happens when an air blast,
mechanical probing, or sugar is applied to the denrin.
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Cold may produce sharp pain in connection with a
fiuid gap under a gold restoration or crown. This is due
to the rapid transmission of cold through gold. Pain
may occur irrespective of whether there is a communication with the oral cavity. Cold-induced contraction
of fluid in the gap evokes a compensatory rapid
outward flow of fluid in the dentinal tubules and thus a
sharp pain. This may occur even if there arc smear
plugs in the orifices of the dentinal tubules. (In fact,
most of my hydrodynamic experiments conducted in
vivo and in laboratory studies during the late 1950s
and the 1960s were done with smear plugs in the
tubules. At that time we knew nothing about the smear
layer.)
Masticatory pressure may alter the volume of fluid
in the gap nearest the dentin with the same results.
Either an increase or a decrease in volume may result
in activation of the intradental A fibers as well as the C
fibers. In addition, fluid gaps are often accompanied
by proliferating microbes whose toxic products diffuse
to the puip and produce infiammation and/or necrosis. This results in increased excitability of sensorj'
nerves (hyperalgesia).
Although dentists may believe that resin or other
materiais provide a good seal, there will still be a slow,
outward movement of fiuid from the pulp to the oral
cavity, (A pressure gradient of about 20 mm Hg is
sufficient to produce an outward flow through intact
enamei.) As observed in several experiments, tissue
fluidfromthe pulp as well as organic substances within
the dentin and enamei provide sufficient substrate for
microbial growth.''*

Sources of bacterial iofection
Smear layer
Beyond a reasonable doubt, the smear layer is an
important source of infection in connection with
restorations, cavities, and crowns.- This layer is
produced during the final removal of dentin and it
usually contains entrapped microbes that may survive
the restorative procedure. In one study involving
young premolar teeth, microbes had multiplied from
the smear layer in 17 of 20 buccal resin composite
restorations.-^ In fact, the smear layer is almost
completeiy replaced by bacteria. Otily if the smear layer
has been dissolved can bacteria be seen in histologie
sections. It is curious that so few histopathologists
understand this fact. In our studies, a surface seal of
zinc oxide-eugenol cement or IRM was used to prevent the ingrowth of bacteria from the oral cavity.-'"
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This seal does not prevent a continuous outward flow
of tissue fiuid from the pulp, and small (dye) molecules
may also dlfilise inward. To survive, bacteria require
only the presence of fluid and the organic materials
present in the fiuid and in dentin and enamel.
How often is the smear layer and the bacteria it
harbors left under provisional crowns?
Caries and dentinai exposure
Caries is another source of infection. Bacteria may
have deeply penetrated the dentin beneath a whitespot carious lesion, long before cavitation occurs.'''
After cavity preparation, how often are microbes ¡eft deep
in the dentinal tubules? How often is an old restoration
with undetected secondary caries and fluid-ßUed gaps
with bacteria ignored?
In several experiments, it bas been observed that
after 1 to 2 postoperative weeks there are numerous
bacteria within superficial and unprotected dentin,
some of which are close to the pulp. In such cases,
histologie examination of the pulp has revealed
necrosis, bleeding, and/or inflammation.
How often is superficial dentin left exposed and
unprotected at the cervical margin of the provisional or
permanent CTOVWJ.^ Recall that there are about 10,000
tubules/mm- at the dentinoenamel junction. It is
surprising that so many pulps survive. Some puips
survive mainly because of host defense mechanisms.
Initially, this is due to a slight to moderate inflammatory reaction; soon the outer ends of the tubules are
blocked. When dentin is left unprotected, the clinician
can hope for the formation ofa calcified peliicle, which
will provide a fairly good seal of the outer tubule
apertures.
Another defense mechanism is blockage of the
pulpal ends of the tubuies by the formation of irregular,
reparative dentin, a process that may take at least 1 to 2
months after the primary odontoblasts have been
removed. This means that botb ends of the tubules
have been sealed; it is to be hoped that any microbes
present witbin tbe mbules will not be able to survive,
and dentinal sclerosis may also occur.
Mechanical trauma
In addition to infection, both trauma produced by
frictionai heat during preparation and excessive stress
associated with maiocclusion may interfere with the
flow of blood to the pulp, increasing sensory nerve
excitability and producing hemorrhage and local
necrosis.
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Diagnostic considerations
A step-by-step scenario can be developed to demonstrate how the risk of postoperative pain and pulpal
complications can be reduced.
The condition ofthe pulp may have been improperiy
diagnosed before and during treatment. There may be
old restorations, leaky restorations, or secondary
caries, each of which may be associated with the
presence of bacteria deep within the dentin. There may
even be a localized area of necrosis in the pulp,
Infiammation and necrosis ofthe pulp usually develop
without symptoms and may thus pass unnoticed
(Olgart L, personal communication, 1991),
There may be several reasons for a lack of symptoms. Organic acids emanating from a carious lesion
may block the sensitivity of sensory nerve endings.
There are 50,000 to 70,000 tubules/mm^ at the pulpal
wah. If, because of a leaky restoration or caries, the
tubules are open to the oral environment, there will be
fairly good drainage through the tubules, better than
through the narrow apical foramen. As pointed out
eariier, the fiuid pressure in the pulp ensures a
continuous outward flow of fiuid even in areas where
intact enamel covers the dentin.
During the period in which the preparation is
covered by a provisional crown, there may still be good
drahiage and no symptoms, thanks to the ill-fitting
provisional crown. However, after cementation ofthe
permanent crown, the patient may report pain or even
toothache, presumably because the tubules have been
sealed. In other words, the drainage of fiuid has been
blocked, thus allowing the pressure associated with
inflammation to increase.
There may also be a high concentration of noxious
substances, such as ammonia, derived from bacterial
metabolism. The sensory C fibers in the central part of
the pulp may be activated. Activation of these fibers
results in the dull, burning pain that is characteristic of
a toothache. These fibers are also activated by noxious
heat and a marked increase in intrapulpal tissue
pressure. The patient should be asked to apply an ice
cube to the crown. If the pain ceases, it means that a
reduction in fluid volume in dentin reduced fluid
pressure in the pulp. Often this indicates that endodontic treatment is necessary. On the other hand, cold
increases sensitivity. It may be possible to save the
puip.
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What should be done to improve the accuracy of
diagnosis and treatment to avoid complications?
First

Old restorations should be replaced and the cavity
should be cleaned and lined. Variations ofthe glassionomer cements with or without previous lining must
be considered, Tlie glass-ionomer cement has to be
protected against dehydration and rehydration.
Teeth with iarge, old restorations are rather highrisk teeth and often poor abutments as well. Therefore,
endodontic treatment with placement of a retentive pin
is often a better choice,
Radiographic examination and electric pulp testing
do not provide much information about the condition
ofthe pulp. If possible, dentinal sensitivity should be
checked prior to administration of a local anesthetic.
However, the patient should first be informed that you
are testing the condition of the pulp.
Sensitive dentin in intact areas is a good sign.
Dentin should be insensitive under old restorations
and caries. This is a favorable sign, because it indicates
that irregular deniin has formed to block the tubules. It
has been an earher good response. In some places, this
can be seen on the radiograph. Tooth sensitivity and
any other potential symptotns should be motiitored
throughout treatment.
Second
Problems associated with tooth preparation must also
be considered, Frictional heat results in expansion of
fluid in the tubules. Blood flow and lymphatics (if they
exist) should drain this fluid, but this tnay not occur if
blood fiow has been curtailed because of the use of a
vasoconstrictor-containing local anesthetic. Therefore, it is important to use an anesthetic solution such
as Citanest/Octapressin (Astra) that does not disturb
blood flow,
Tliird
The provisional crown may be a serious cause of
failure. The period during which the provisional crown
is in place is the most dangerous period for the pulp.
As mentioned earlier, under a shaUow, leaky restoration in a young tooth, bacteria may reach the pulp
within 3 weeks,' Imagine how rapidly bacteria will
invade the dentin beneath a leaky provisional crovm.
In early caries and under old restorations, microbes
may have deeply invaded thousands of dentinal
tubules. From areas of exposed dentin not covered by
the provisional crown, bacteria may reach the pulp
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after 1 or 2 weeks. In addition, entrapped microbes
may be left within the smear layer. They will replace the
smear layer within a couple of weeks and become
attached to the cut dentinal surface.
The ill-fitting crown will be in place for 2 or 3
weeks. If the dentinal tubules become open {not, it is
hoped, because of acidic cleansers), bacteria may also
enter the tubules: later they may return to the fluid gap
between a cement and the dentin.
With an ill-fitting provisional crown, the dentin
underneath may be very sensitive when the provisional
crown is removed. This is a common experience.
Following permanent cementation, which provides a
good seal and blocks drainage of fluid from the
tubules, pulpitis and toothache may develop. Even
when the symptoms slowly subside, the pulp may
become necrotic without producing further symptoms.
Was the silence in my friend's tooth after 24 weeks a
resuh of the formation of irregular dentin. blocking the
pulpal ends of dentinal tubules, or was it caused by a
more extensive pulpal necrosis?

How can sensitivity and pulpal irritation be prevented?

If possible, the dangerous period when the provisional
crown is in place should be shortened by a few days. If
a longer period is needed, a rigid construction that
provides a very good seal must be applied. After acid
etching, the dentin can be initially sealed with a
hydrophobic or hydrophilic bonding resin. However,
in some areas, the tubules may be cut along their long
axis or at an oblique angle. It is not known how the
permanent luting cement will react with the softened
and, in places, resin-impregnated surface. Clinical
experience and research in this area are lacking.
Moreover, the number of dentists in the world who can
master the use of dentinal bonding systems is hmited.
Years of education and experience are needed, both in
the prccementation procedures and in the dental
materials used.
Prior to provisional cementation (if etching and
resin impregnation are not used), the dentin should
always be cleaned and the superficial smear layer must
always be removed. For years, I have recommended,
and also used in several experiments, a dentincleansing agent, Tubulicid Red Label (Dental Therapeutics). This agent consists of a 0.2?S solution of
ethylenediaminetetraacetic acid, an amphoteric, benzalkonium chloride, and a high concentration of
sodium fluoride (1%). It accomphshes three goals in
one treatment: cleansing, disinfection, and impregnation."
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One study showed that a 3ü-second application of
Tubulicid Red Label results in a 20% reduction of
dentinal permeability, probably because of the precipitation of calcium fiuoride.'The next important step is lining the dentin. A liner
that can be easily removed before final cementation
should be selected. For many years I have used the
Tubulitec Lining System (Dental Therapeutics). This
system contains a hydrophilic shellac primer, which is
followed by a modified polystyrene liner originally
developed by Zander et al.'^
The pulp will react favorably to a more rigid
provisional crov/n or, at the very ieast, a rigid cement,
such as zinc phosphate or polycarboxylate cement.
This could prove effective, for instance, in a molar
tooth in which one root canal is infected and the others
are more or less healthy, as indicated by a positive
vitality test. A perfect seal may result in sensitivity and
even toothache, possibly because the outward movement of ñuid has been blocked. It is better that this
occur during the placement of a provisional crown
than after permanent cementation.
The crown must completely cover the cervical
dentin without disturbing the periodontal tissues. This
is an important measure. Superficial exposure of
dentin for 1 or 2 weeks will result in bacterial invasion
of the dentin at least half way to the pulp.
Prior to permanent cementation, the occlusion
should be checked. A crown that is just a little too high
in some location may result in injury to the tooth's
blood and nerve supply. This may lead to a poor
cellular response, inadequate blood supply, and hypersensitivity.
All of the lining must be removed from the dentin
before final cementation to obtain a good mechanical
bonding and interlocking. Next, the dentin is cleaned
with a brush or rubber cup using low speed and pumice
in a suitable solution, such as the detergent described
earlier.
Remember, luting cements are not irritating, even
when placed very near the pulp.
To prevent the formation of voids and air or fluid
spaces nearest the dentin, the cement should be
brushed on the dentin and not only to the inside of the
crown. The consequences of fluid spaces near the
dentin are known. Moreover, communication to the
oral cavity is not necessary to elicit microbial complications and hypersensitivity. Living bacteria may be
under the surface of the dentin, and any fluid gap may
lead to thermal sensitivity.
The dentiji should be kept wet until the time of
cementation. It has been found in our experiments that
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normal evaporation from dentin is sufficient to activate
capillary forces and produce a rapid outward flow of
fluid, resulting in pain that lasts for several minutes and
the loss of primary odontobiasts. However, this will
not create any problems for the puIp; rather it may have
a positive effect, as new cells may produce irregular,
reparative dentin that blocks the pulpal ends of the
tubules; this is not possible if the primary odontobiasts
are in place,'
Having the patient bite on a cotlon roll or pellet
while the cement is setting should not cause an inward
movement of tubule contents, which may give rise to
pain and other puipal problems.
When these recommendations are followed, patients have seldom complained of postoperative pain
during and atler final cementation.
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