
lesions are concerned it is currently taught
that the peripheral aspect of the cavity
should be rendered completely caries free.
This should be followed by careful excava-
tion of caries at the base of the cavity, overly-
ing the pulp until hard, stained dentine is
reached,4 thus gradually reducing the bacte-
rial load within the cavity. If at final excava-
tion the pulp is exposed, the possibility of a
direct pulp cap can be evaluated.

Whilst the literature is replete with studies
on caries and endodontic procedures, rela-
tively little has been published on the rela-
tionship between caries and the vital
pulp-dentine complex. This article there-
fore aims to review the literature on pulp-
dentine complex reactions to caries and the

direct pulp capping technique. It will also
aim to address when to place a direct pulp
cap and when to undertake root canal treat-
ment, what materials to use and the long-
term prognosis of such a procedure. More
importantly, an alternative technique of
caries removal will be discussed which has
been shown to reduce the risk of pulpal
exposure.

Dental caries and the pulp dentine
complex reactions
Dental caries in enamel is a subsurface dem-
ineralisation caused by acids produced by
bacteria in the surface plaque. These acids
diffuse into the tooth structure causing
demineralisation. It is only when the rela-
tively more mineralised surface zone breaks
down that bacteria colonize the enamel
lesion. At this early stage in the carious
process there is some disagreement as to
when the first pulp-dentine complex reac-
tions occur. Brännström and Lind (1965)5

for example, found an increase in chronic
inflammatory cells beneath lesions appar-
ently confined to enamel, whereas others
report that this only occurs when caries
extends into dentine.6

At the advancing front of a dentine lesion,
demineralisation also precedes bacterial
invasion. Considerable demineralisation of
dentine occurs prior to bacterial infection7

and where occlusal lesions are concerned it
is only when the caries extends into the mid-
dle third of dentine and is radiographically
visible that significant infection of the den-
tine occurs.8 Fuzayama investigated the
relationship between dentine softening, dis-
colouration and bacterial infection and
found that softening preceded discoloura-
tion which in turn preceded bacterial inva-
sion.9 Thus bacterial acids and products,
such as proteases, diffuse ahead of the bacte-
ria towards the pulp and a number of factors
influence the rate at which this occurs.
These are namely the concentration of bac-
terial by-products, the permeability of the
dentine and the pulpal fluid pressure.10

The frequency of sugar consumption and
hence acid provoking attacks will affect the

606 BRITISH DENTAL JOURNAL, VOLUME 191, NO. 11, DECEMBER 8 2001

PRACTICE
restorative dentistry

Trauma, rapidly progressing caries or
over zealous removal of caries can result

in exposure of the dental pulp. In these situ-
ations a direct pulp capping technique can
be considered in an attempt to preserve the
vitality of the pulp and to stimulate it to pro-
duce a calcific barrier to wall off the expo-
sure. However, the health of the pulp and its
healing capacity will depend on a number of
factors, including the precipitating event
leading to the exposure.

Following trauma, when a previously
sound, asymptomatic tooth suffers a coro-
nal fracture involving the pulp, it is widely
accepted that the direct pulp cap is the treat-
ment of choice, providing the exposure is
small and is treated within 24 hours.1,2,3 In
this situation the depth of damage to the
pulp tissue is small and the relatively healthy
pulp tissue has considerable reparative
potential, particularly in young teeth with
immature apices and a good blood supply.
However, the caries process can lead to
marked changes within the pulp-dentine
complex, which can vary considerably
depending on the severity of the disease and
the age of the pulp. Where deep dentine
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In brief
• The direct pulp cap, whilst

predictable for the traumatically
exposed pulp, has a questionable long
term prognosis where a carious
exposure is concerned

• The activity of a deep carious lesion
in dentine can be preferentially
modified, by sealing in the dentine
caries. This allows reparative pulp-
dentine complex reactions to take
place

• When such lesions are re-entered
after six months or more the risks of
directly exposing the pulp are
reduced
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concentration of acid produced in the den-
tal plaque. This in turn will be moderated to
some extent by saliva or whether the lesion
is open (frank cavitation) or closed, but in
general the more acid produced the greater
the concentration gradient toward the pulp.

The permeability of the dentine, which
resists this inward diffusion of acid, changes
with age. Newly erupted teeth are more per-
meable and less mineralised allowing the
rapid diffusion of acids. As such they may be
more susceptible to rapidly progressing
caries. Pulp dentine complex reactions to
this stimulus are aimed at reducing the per-
meability of the dentine. The most common
reaction depends upon a vital odontoblast
process and is the deposition of apatite and
whitlockite crystals within the dentinal
tubules leading to dentine tubule sclerosis.
In addition to this, tertiary dentine may also
be laid down by the odontoblast within the
pulp chamber.10

If the carious process proceeds
unchecked, degenerative changes within the
odontoblasts take place before inflamma-
tory changes within the pulp occur.11 This
can lead to complete cell death and replace-
ment by odontoprogenitor cells from the
subjacent cell rich layer. Differentiation of
these mesenchymal cells into odontoblast-
like cells, can lead to the production of
reparative dentine which, depending on the
severity of the carious lesion, can be irregu-
lar with cellular inclusions or if less aggres-
sive resemble normal tubular dentine.

Thus there is a fine balance between 
the speed of the advancing front of the 
dentine lesion and the rate at which 
pulp-dentine defenses can be laid down.
These pulp-dentine reactions require a
healthy pulp, however if the carious process
continues unchecked pulpal inflammation
will ensue. In an attempt to evaluate the
relationship between lesion depth and pul-
pal inflammation, Reeves and Stanley
(1966) showed that if the advancing front of
the lesion was about 1 mm from the pulp
then no significant disturbance occurred.12

However, once within 0.5 mm of the pulp
more pathological changes occur, but it was
only when the reactionary dentine itself was
involved that ‘pathosis of real consequence’
was seen. Shovelton also showed that it was

only when the lesion was within 
0.25 mm–0.3 mm of the pulp that hyper-
aemia and pulpitis occurred.7

Thus in final excavation of soft pulpal
caries, if direct perforation of the pulp occurs
the relative rate of progression of the lesion
has been faster than the rate of pulp-dentine
reactions. At this stage the pulp is likely to be
inflamed and the decision of whether to place
a direct pulp cap has to be made.

The direct pulp cap.
A direct pulp cap usually involves the place-
ment of a calcium hydroxide preparation
directly in contact with an exposed pulp.
For a direct pulp cap to be successful a num-
ber of factors have to be met and these are
detailed in Table 1. Lin and Langland (1981)
have shown that teeth with a history of pain
will have an area of necrosis within the pulp
chamber and for many this will extend into
the root canal.13 Bacterial invasion of pulp
tissue is closely related to this necrosis and as
such these teeth should be endodontically
treated. Teeth exposed during caries
removal will inevitably have some degree of
inflammation although the histological
extent of this cannot be accurately predicted
from a clinical examination. Table 1 pro-
vides sensible but not infallible clinical cri-
teria for successful direct pulp capping.

It was once thought that only pinpoint
exposures could be pulp capped, however
more recent research would suggest that the
size of exposure has no bearing on clinical
outcome.14,15,16 Whilst these studies per-
tain to traumatically exposed pulps, Mejare
and Cvek (1993) have suggested that deep
carious exposures be opened up so that 
1 mm–3 mm of exposed pulp can be

removed.17 It is important to draw attention
to the fact that this study was on young pos-
terior teeth and cannot be regarded as a true
direct pulp cap, but rather a partial pulpo-
tomy. This procedure has a number of
advantages; it reduces the potential for
introduction of dentine chips into the pulp
tissue and it enables good contact between
pulp and capping agent. It has been shown
that dentine chips inadvertently pushed
into the pulp tissue cause severe inflamma-
tory reaction, which can lead to pulp necro-
sis.18,19 It also removes superficially
contaminated pulpal tissue.

It is important to emphasize that whilst
the size of traumatic exposures is not so
important, carious exposures should be
small even if they are opened up further at
operation. It is generally agreed that larger
carious exposures have a poor prognosis due
to a more severely inflammed pulp, risk of
necrosis and bacterial contamination.20,21,22

The issue of age is also difficult, as there is
no clear cut-off when a direct pulp cap
should no longer be considered. The ageing
process is gradual and with increased age the
pulp tissue becomes more fibrous with a
reduction in pulp volume as a result of physi-
ological secondary dentine formation and
reactionary dentine due to external stimuli
such as trauma, caries and tooth wear. The
blood supply to the dental pulp is critical to
its health and regenerative capacity, and as
this decreases with age so does its capacity to
respond to a direct pulp cap. Hence rather
than a chronological age as a cut-off, the bio-
logical age of an individual tooth should be
assessed and a previous restorative history
taken into consideration as well as the factors
in Table 1.

History  Preoperative assessment  Clinical findings.
No recurring or  Normal vitality tests.  Pink pulp
spontaneous pain.  Not tender to percussion.  Bleed if touched but not 
No swelling.  No radiographic evidence   excessively.
 of periradicular pathology.  
  Young patient.
  Radiographically obvious
 pulp chamber and root canal.

Table 1 Criteria essential for a successful direct pulp cap.



608 BRITISH DENTAL JOURNAL, VOLUME 191, NO. 11, DECEMBER 8 2001

PRACTICE
restorative dentistry

Finally the location of the exposure is
important as there should be no pulp tissue
coronal to the exposure. Exposure in a cer-
vical cavity would lead to reactionary den-
tine formation which would restrict the
blood supply to the tissue more coronal to
it, leading to necrosis and failure. These
teeth should therefore be root treated.23

Calcium hydroxide to date remains the
material of choice for a direct pulp capping
technique in general practice. Its properties
and mode of action have been comprehen-
sively reviewed previously.24 However, a rel-
atively new material, mineral trioxide
aggregate (MTA) has been investigated.25 It
consists of fine hydrophilic particles, which
when mixed with sterile water results in a
colloidal gel of pH 12.5. This gel solidifies to
a hard structure within approximately 4
hours. Once set, it has a high compressive
strength comparable to IRM or Super EBA.
Both laboratory and clinical studies have
shown this material to be extremely bio-
compatable with pulp tissue and to have
good sealing ability against dyes and bacte-
ria. In a limited study, Pitt-Ford et al.,
showed that direct pulpal exposures treated
with MTA demonstrated more predictable
dentine bridge formation than calcium
hydroxide.26 It would therefore appear that
this material may be the material of choice
for future pulp caps. However, problems
associated with the material’s difficult han-
dling properties and prolonged setting time
may preclude its widespread acceptance
despite its superior therapeutic properties.

What is the success rate of the pulp
cap technique?
The success rate of a direct pulp cap is diffi-
cult to establish from the dental literature as
studies fail to clearly identify whether expo-
sures were due to trauma or caries27 or
address those resulting from trauma only.28

Whilst the prognosis of teeth that have
received direct pulp caps as a result of
trauma would appear good28 those with a
carious exposure fare less well.29 In a retro-
spective study of 123 direct pulp caps on
carious exposures only 37% were clearly
successful after 5 years and after 10 years
80% had failed.29 Loss of pulp vitality in
these teeth poses a problem as a significant

amount of physiological secondary and
reactionary dentine would have developed
which has the potential to complicate subse-
quent root canal treatment. In addition the
root canal system may have become infected
and prognosis for root treatment is less
favorable than if vital pulp tissue were
removed.30 These results question the suc-
cess of the direct pulp cap for carious expo-
sures. However, a further thorough audit is
required, as only 123 out of a possible 401
teeth with a direct pulp cap were available
for 10 year follow up.29

The indirect pulp cap.
When caries is thought to extend close to,
or into the pulp, excavation of the pulpal
caries can be stopped at stained but firm
dentine.31 Calcium hydroxide lining is
applied over the pulpal dentine prior to
placement of the definitive restoration.
This is classically referred to as the indirect
pulp cap. The difficulty with this technique
is knowing how rapid the carious process
has been, how much tertiary dentine has
been formed and knowing exactly when to
stop excavating to avoid pulp exposure.
Using a stepwise approach to caries
removal these parameters can be regulated
with a more predictable outcome.

Stepwise excavation.
It could be argued that in the absence of any
signs and symptoms of pulpitis, and where
the criteria in Table 1 are met, it is over-judi-
cious removal of caries that leads to a pulpal
exposure. In the majority of cases this can be
avoided if a stepwise approach to caries
removal is adopted. This approach which is
not completely new,32 has recently been the
subject of renewed interest. Bjørndal et al.
(1997)33 investigated 31 teeth with gross
caries, which from a clinical and radi-
ographic examination were thought to have
carious pulpal exposures. In these teeth
caries removal was staged over two separate
appointments 6–12 months apart. At the
first appointment, access to the caries was
gained and the periphery of the cavity made
completely caries free. Soft, wet and pale
coloured dentine was left pulpally, which
has previously been shown to be heavily
infected.34 The cavity was lined with cal-

cium hydroxide and restored with glass
ionomer and left for 6–12 months.

After this period, cavities were re-entered
and the dentine in all teeth was found to be
darker in colour, harder and drier in consis-
tency. Microbiological analysis also showed a
significant reduction in cultivable micro-
organisms over the period in which the pro-
visional restorations were in place. These
findings would imply that by removing some
of the carious biomass and sealing the
remaining caries from extrinsic substrate and
oral bacteria, the caries left behind after the
first excavation had become less active. This
allows time for pulp-dentine complex reac-
tions to take place so that at the second exca-
vation visit, there is less likelihood of pulpal
exposure. It has also been suggested that by
changing the cavity environment from an
active lesion into the condition of a more
slowly progressing lesion, this will be accom-
panied by more regular tubular tertiary den-
tine formation. The success of this technique
has been demonstrated in a randomized con-
trolled study comparing conventional cavity
preparation of such lesions with stepwise
excavation.35 Using the stepwise excavation
technique significantly fewer teeth had
exposed pulps (17.5%) compared with con-
ventional caries removal (40%). These
results were echoed in a similar study of deep
carious lesions in primary teeth.36 In this
study 55 teeth were treated with the stepwise
excavation technique and 55 control teeth
were prepared conventionally. The propor-
tion of teeth where pulpal exposure occurred
were 15% and 53% respectively. The tech-
nique has also been shown to be successful in
a practice-based study37 where only 5.3% of
pulps were exposed.

Leaving heavily infected caries, the
dilemma.
The thought of leaving heavily infected cari-
ous dentine for 6–12 months would seem
contrary to teaching in dental schools. It has
been taught that when a restoration is
placed, the presence and severity of pulpal
inflammation is related to the level of bacte-
rial microleakage around the restora-
tion.38–41 Thus it would be logical to think
that leaving dentine caries which is heavily
infected would result in similarly severe pul-
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tion of new dental materials, demand fur-
ther research into this subject, particularly
where older more compromised teeth are
concerned.
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pal inflammation. However, teeth that have
been treated with the stepwise excavation
technique do not show any signs or symp-
toms of pulpitis. The difference here may lie
in the fact that in the animal studies investi-
gating the effects of bacterial microleakage,
cavities have been prepared in sound teeth.
The pulp therefore has not had any oppor-
tunity to mount its protective reaction and
the presence of bacteria and their by-prod-
ucts are in contact with dentine whose
tubules are potentially patent and pulp vul-
nerable.  To the contrary, there is now a sig-
nificant amount of evidence to support the
fact that there are few adverse effects, and
potential benefits when caries is ‘sealed into’
a tooth. These studies can be divided into
those where caries has been ‘sealed in’ with a
simple fissure sealant and those where ultra-
conservative caries removal has been 
followed by placement of a composite
restoration over active caries.

Fissure sealant studies.
When occlusal caries is visible radiographi-
cally, the lesion extends into the middle third
of dentine42 and is heavily infected.8 Studies
have shown that when a fissure sealant is
placed over such lesions there is a significant
reduction in the number of cultivable
microorganisms.43–48 Such lesions appear to
arrest and no increase in lesion size has been
found radiographically over a period of two
years.49 In addition no study has reported
symptoms of pulpitis or loss of vitality.

Ultraconservative caries removal.
Perhaps some of the most compelling evi-
dence is provided by Mertz-Fairhurst et al.,
who in 1998 presented ten year data on 156
ultraconservative, cariostatic sealed restora-
tions.50 In this study, teeth with clinical and
radiographic evidence of occlusal caries were
minimally prepared by placing a 45°– 60°
bevel in the enamel, surrounding a frankly
cavitated lesion. The bevel was at least 1 mm
wide and placed in sound enamel. No
attempt was made to remove any carious
dentine and the resultant ‘cavities’ were
restored with acid etched composites and
covered with fissure sealant. Although a
number of these teeth have been lost from the
study due to patients failing to return for

recall, 85 have been followed throughout the
ten years. Various progress reports on the
study sample have shown that sealing caries
into the tooth arrests the progress of the
lesion by effectively eliminating the oral
source of substrate to the bacteria within the
lesion.51-55 Only one restoration appeared to
‘cave-in’, only one succumbed to secondary
caries and 3.5% showed signs of wear. All the
teeth remained symptomless with no signs of
pulpal inflammation or necrosis.50

Why re-enter?
The success of this technique is dependent
upon the integrity of the restoration and its
seal. Regular recall would be essential. In the
Mertz-Fairhurst et al. study (1998) the regu-
lar recall would identify any lost restoration
at an early stage. However, over the ten year
period between 18% and 45% of patients
failed to attend for annual recall.50 In the
unlikely event that the restoration should
fail and not be detected, the potentially re-
activated lesion would already be in an
advance stage. Following sealing caries into
the tooth, the carious dentine becomes dry,
harder and darker in colour.33 As a result
there is shrinkage of the tissue leaving a void
beneath the restoration. These two factors
support the second stage of the stepwise
excavation. However, the work by Mertz-
Fairhurst et al. (1998)50 would suggest that
the interval between first and second exca-
vation is not critical and could be left for
considerably longer than 6–12 months.

Thus use of a more conservative technique
for removing caries in a young patient with
very deep lesions could eliminate the need for
the conventional direct pulp cap technique.
In those rare instances when this is still
required, adoption of the stepwise excavation
technique should result in a minimally
inflamed pulp, superior tertiary dentine for-
mation, less bacterial load and a more pre-
dictable pulp cap. Where this is required the
use of calcium hydroxide, whilst acceptable at
present, may become superceded by a min-
eral trioxide aggregate material. 

Conclusion
These are exciting times when the conven-
tional wisdom of caries removal is being
challenged.56 This together with the evolu-
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