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ABSTRACT

Background: The aims of this study were to assess symptoms and signs caused by cracks in teeth and to assess a
conservative management protocol.
Methods: The symptoms and signs of 100 consecutive teeth that had reversible pulpitis associated with cracks were
compared to findings from other reports. Teeth were managed with a conservative protocol which involved removal of
cracks, caries and restorations, followed by placement of a sedative lining and interim restoration unless there were pulp
exposures or insufficient tooth structure remaining. Teeth were monitored for pulp healing after three months and for up to
five years.
Results: Eighty teeth did not require endodontic treatment. One tooth had an uncertain pulp status at review appointments.
Fifteen teeth required endodontic treatment at the initial appointment because of carious pulp exposures (4 teeth), cracks
extending into the pulp (2), and posts required (9). Four other teeth required endodontic treatment later following
conservative pulp treatment due to continued pulpitis under the temporary restoration (1), pulpitis after core restoration (2),
and pulp necrosis diagnosed at the review (1).
Conclusions: Provided there is an accurate diagnosis of the pulp status and its cause, teeth with reversible pulpitis due to
cracks can be treated conservatively without endodontic treatment in about 80 per cent of cases.
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INTRODUCTION

Cracks and fractures in teeth are relatively common
problems in general and specialist dental practices.
Bader et al.1 reported that approximately one in 20
people fracture a tooth each year although the authors
of that study did not define what they meant by a
fracture. Since these fractures had varying consequences
ranging from no treatment being required to extraction
of the tooth, it is likely that some of these fractures were
cracks. The lack of definition of a crack is typical of
most studies regarding cracks and therefore it is difficult
to quantify the number of patients who have pulp
problems from cracks in teeth. Although many studies
have been published regarding this subject, there is
considerable confusion2–5 and many varying opinions
with the result that no common understanding about
the diagnosis and management of cracked teeth has
been developed.

The first report where the symptoms of incomplete
fracture of posterior teeth involving cusps were detailed

was by Gibbs in 1954.6 He termed the condition as
‘‘cuspal fracture odontalgia’’. Later, Cameron7 sug-
gested the term ‘‘cracked tooth syndrome’’ (commonly
abbreviated to CTS) for the collective signs and
symptoms associated with cracked teeth. In 1976,
Cameron further stated that only 75 per cent of teeth
with CTS will have ‘‘vital pulps’’.8 The term CTS was
re-defined in 1990 as an ‘‘incomplete fracture of a vital
posterior tooth involving the dentine and possibly the
dental pulp’’.9

Since 1954, this condition has been continually
re-defined and re-named by various authors in different
journal articles. However, there has been no common
definition and no common terminology with the result
that there is now much confusion amongst practitio-
ners. The use of the term ‘‘syndrome’’ is particularly
misleading because a syndrome is defined as ‘‘a number
of symptoms occurring together and characterising a
specific disease’’.10 Clearly, a crack in a tooth is not a
disease and therefore the term syndrome is inappropri-
ate. Although cracks can be associated with a number
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of symptoms that occur together, these symptoms vary
considerably from case to case. The usual symptoms are
those of one of the various forms of pulpitis with some
cases also having symptoms of apical or lateral
periodontitis.2,5,11 However, each of these broad cate-
gories of diseases (i.e., pulpitis and periodontitis) has a
wide range of symptoms and signs depending on the
exact condition being experienced by the patient.12,13

For example, a tooth with acute reversible pulpitis has a
different set of symptoms and signs than a tooth with
acute irreversible pulpitis. Furthermore, cracks may
also be present in teeth that have necrotic pulps, those
that have become pulpless due to infections, or those
that have had previous endodontic treatment. There-
fore, there are many different symptoms and signs that
may be present in teeth with cracks.

In 1997, the American Association of Endodontists
defined five types of tooth cracks4 but these five
categories are not entirely clear and overlap to some
extent. A clearer and simpler classification is suggested
below with just three categories:
(1) Enamel crazing (or enamel infraction) – small cracks
on the surface of teeth; hence craze lines in teeth involve
only the enamel and there are no pulp symptoms. No
treatment is required but enamel crazes have the potential
to progress to become cracks in the tooth and should
therefore be monitored.
(2) Crack – a crack is a defect where there is a break
between two parts but without separation of the
fragments; hence, a crack in a tooth involves the
dentine and the enamel and ⁄ or cementum. A crack
may extend into the pulp space in some cases. A crack
may or may not cause pulp diseases (inflammation
and eventually necrosis and infection) and periradic-
ular diseases, depending on whether bacteria can
penetrate the tooth via the crack to reach the pulp
space. Cracks do not require treatment unless they are
causing pulp and ⁄ or periradicular diseases. However,
all cracks have the potential to progress to become a
fracture of the tooth and therefore they should be
monitored if not treated immediately to help prevent
or manage pulp and ⁄ or periradicular disease. Cracks
that are causing pulp and periradicular diseases
require treatment, the nature of which varies consid-
erably depending on the position, direction and extent
of the crack.
(3) Fracture – a fracture is a defect where there is a
break between two parts and the fragments have
separated; hence, a fracture of a tooth involves the
dentine and either only the enamel or cementum, or
both of these tissues. A fracture may or may not
extend into the pulp space. A fracture may or may not
cause pulp diseases (inflammation and eventually
necrosis and infection) and periradicular diseases,
depending on whether bacteria can penetrate the
tooth via the fracture to reach the pulp space. The

treatment required for fractures varies considerably
depending on the position, direction and extent of the
fracture.

Attempts to describe the ‘‘classic’’ symptoms associ-
ated with cracks in teeth have only led to confusion
amongst practitioners4 as there are no classic symp-
toms. The presenting symptoms are dependent on the
underlying disease processes in the dental pulp and
periradicular tissues that have been caused by the crack.
The result of the various definitions and attempts to
classify and list the symptoms of cracked teeth is that
there are many varied management protocols recom-
mended by authors and clinicians. The lack of a
universal appreciation of what cracks are, what they
do and what they cause has created much debate and
confusion about what is clinically effective and accept-
able when handling cracks in teeth. Hence, there is no
standard management protocol to follow and there are
no studies that have followed teeth for sufficient times
to be able to adequately analyse the various treatment
approaches. This results in uncertainty amongst prac-
titioners and patients. In the worst case scenario, poorly
handled cases of cracked teeth may progress to
undesirable manifestations of pulp and periradicular
disease, all as a result of inadequate understanding of
the original problem. As an example, the so-called
‘‘CTS’’ is often confused with vertical root fractures.14

The management of cracks in teeth should be based
on the concept of a crack being a biological problem
rather than a mechanical problem in the tooth. The
simplest way to consider a crack in a tooth is that it
is a potential cause of pulp and periradicular diseases
in the same manner that caries and breakdown of
restoration margins can cause these diseases by allow-
ing bacteria to enter the tooth and produce endotoxins
that can reach the pulp or ultimately the bacteria
themselves can reach the pulp. Thus, cracks should be
thought of as a cause of disease (especially pulp
disease), rather than being considered as a syndrome
or a disease in itself. The noting of the presence of a
crack should be considered as a clinical finding or
observation, and not a diagnosis. Cracks should be
considered as a potential pathway of entry for bacteria
into the tooth.15–17

It is important to note that not all cracks will lead to
pulp and periradicular diseases. These problems will
only occur if a sufficient number of bacteria are present
in the crack and if the particular bacteria are virulent
enough to cause pulp and periradicular diseases.
Further factors are the state of health of the particular
pulp at the time of bacterial invasion and whether the
pulp can resist the invasion of bacteria or the irritation
created by their endotoxins.

The aim of this research was two-fold; firstly to assess
the symptoms and signs caused by cracks in order to
simplify guidelines for the diagnostic process and
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management planning of teeth with cracks. The second
aim was to assess the outcome of a conservative
management protocol for teeth with reversible pulpitis
caused by cracks.

MATERIALS AND METHODS

This study was a prospective study of a series of 100
cracked teeth diagnosed with reversible pulpitis. These
patients were all referred to an endodontist in private
practice for the management of their complaint of pain
associated with the tooth ⁄ teeth included in this study.
Data were recorded on a proforma developed for the
study by the treating endodontist at the time of
examination of the patient and at follow-up appoint-
ments. The data were then de-identified, collated and
assessed.

Upon thorough examination, 100 consecutive teeth
diagnosed with reversible pulpitis (according to the
criteria defined by Abbott and Yu13) due to cracks were
identified. Commonly reported signs of cracked teeth
and pulpitis were identified and assessed. Patient
reports of sensitivity to various stimuli were recorded.
Pain associated with biting was assessed by using the
Tooth Slooth and in particular the presence of pain
on application and ⁄ or release of pressure was noted.
Various other factors were also assessed. These
included the reason for referral to the endodontist,
the pain symptoms reported by the patient, the
duration of pain after removal of the stimulus and
the time that the pain had been present prior to
examination.

Once the specific tooth had been identified and the
diagnosis was confirmed, the patients were provided
with a detailed explanation of the presenting problem
and the proposed management plan in order to obtain
their informed consent to proceed with treatment.

The specific protocol used for the management of
teeth with reversible pulpitis is a conservative approach,
as outlined in the flow chart presented as Fig 1. It is
important to note that the cracks in the teeth were
managed using the same principles as those tradition-
ally used for managing caries, i.e., the cracks were
removed so that all potential pathways of entry for
bacteria were removed. The protocol is outlined below.

The first stage was termed ‘‘investigation’’ of the
tooth and this involved removal of all restorations,
caries and cracks from the teeth. The teeth were then
assessed to determine whether there was a pulp
exposure (either by caries or the crack), whether a post
or other form of intraradicular retention was required
in order to help retain the eventual restoration, or
whether the crack extended too far into the root and
therefore the tooth was not suitable for restoration in
which case extraction was required. When the first two
situations were present, endodontic treatment was

commenced immediately. None of the teeth required
extraction in this study.

Teeth that did not require immediate endodontic
treatment (for the reasons outlined above) had a
sedative lining (Ledermix cement, Lederle Laboratories,
Wolfratshausen, Germany) placed to sedate the pulp
and help with the healing response. The teeth were then
restored with an interim restoration using traditional
chemical-set glass ionomer cements – either Ketac Silver
or Ketac Fil (3M-ESPE, Seefeld, Germany), depending
on the aesthetic requirements of each particular tooth.
A stainless steel (SS) band (‘‘A’’ Bands, Ormco, USA)
was utilized as part of the interim restoration when
extra retention was required. The SS band served to
retain the interim restoration, and not as a ‘‘splint’’ to
hold the cracks or cusps together since all cracks were
removed from the tooth along with any unsupported
tooth structure that would have to be removed as part
of the definitive restoration once the pulpitis symptoms
had resolved. Some cases required a temporary crown
which was cemented with a soft mix of a zinc oxide-
eugenol cement (IRM, Dentsply Caulk, Milford, USA)
with the aim of the eugenol acting as a sedative for
the pulp.

After placing the lining and interim restoration,
patients were warned about possible postoperative
pain and they were asked to record when their pain
disappeared. If the pain continued, they were instructed
to contact the endodontist for re-evaluation and further
treatment. If the pain resolved within the first few days,
the patients were re-appointed for a three-month
postoperative clinical and radiographic review in order
to assess the pulp status and healing response. Normal
responses to cold pulp sensibility tests at the three-
month review indicated that the pulpitis had resolved,
thus confirming the original diagnosis of reversible
pulpitis. These patients were then referred back to their
general dentist for restoration with an overlay or
crown. Further follow-up examinations were arranged
for up to five years to monitor the pulp status of these
teeth.

If there was no response to pulp sensibility tests at
the three-month review, then this indicated possible
pulp necrosis and the patient was scheduled for a
further three-month review or for the commencement
of endodontic treatment, depending on how definitive
the diagnosis was at that time. These patients were
also scheduled for further follow-up examinations for
up to five years to monitor the pulp status of these
teeth.

Data were collated and analysed by frequency to
determine whether any particular sign or symptom of
cracked teeth and reversible pulpitis helps to formulate
a diagnosis. Furthermore, the data were used to
determine the efficacy of the treatment regime outlined
for cracked teeth with reversible pulpitis.
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RESULTS

A total of 100 consecutive teeth in 76 patients
diagnosed with reversible pulpitis due to cracks were
included in this study. The patients were between 17
and 68 years of age (mean = 42.5 years old). The
majority of the teeth (72 per cent) were in patients in
the 30–50 years age group whilst 32 per cent of the
patients were male and 68 per cent were female.

Most patients had just one tooth treated (65 per cent)
but some had two to three teeth treated, and one
patient had 10 teeth treated as a result of a motor
vehicle accident (Table 1). There were various reasons
for referral with the most common being for ‘‘end-
odontic treatment’’ (Table 2). Cracks were initially

identified by the referring dentists as being associated
with the presenting pain and requiring treatment in
only 9 per cent of the cases (Table 2). Molar teeth were
the most common tooth group (82 per cent) with the
maxillary first molar tooth being the most common
tooth involved (29 per cent) (Table 3).

Cracked Tooth

Irreversible
Pulpitis

Reversible
Pulpitis

Remove Restoration
and Cracks

Remove Restoration
and CracksExtraction

(Root involved)
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Post needed
for crown retn
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Review
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Fig 1. Flow chart outlining the protocol for managing teeth with cracks and pulpitis. The aim of managing teeth with reversible pulpitis
due to cracks is to follow the arrows down the left side of the flow chart from the diagnosis of reversible pulpitis to the restoration of the tooth.

However, there are various stages where endodontic treatment may become necessary.

Table 1. Number of teeth treated per patient

Number of teeth treated Number of patients

1 65
2 5
3 5
10 1

100 76
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The pain symptoms reported by the patients varied
with half of the teeth having sensitivity to cold, heat and
biting, whilst the other half had variable combinations
of these three stimuli causing pain (Table 4). The
majority of the cases (91 per cent) had pain associated
with biting tests using the Tooth Slooth (Professional
Results Inc, Laguna Niguel, CA, USA) although pain
upon application of pressure was the most common
(Table 5) and pain on release of pressure alone only
occurred in eight teeth, which is contrary to many
reports which claim that this is a classic sign of cracks in
teeth. The duration of pain after the stimulus was
removed varied between one second and five minutes
(Table 6). Pain was present prior to seeing the endodon-

tist for a wide variety of times ranging from less than one
month up to approximately five years (Table 7).

Despite 83 teeth having no missing cusps pre-
operatively, only 17 teeth had no missing cusps after
treatment (Table 8) which indicates that most of the
cracks in this study were undermining cusps. After
removing the restorations, caries and cracks (i.e.,
investigation of the tooth), 85 teeth were treated
conservatively with a Ledermix cement sedative lining
and an interim restoration using either Ketac Silver or
Ketac Fil, depending on the aesthetic requirements.
Most teeth (76) also had a SS band applied to help
retain the interim restoration and three teeth required a
temporary crown (Table 9). These 85 teeth were then
reviewed after three months to determine whether the
pulpitis resolved and the pulps returned to normal. The
other 15 teeth required endodontic treatment due to
carious exposure (4 teeth), cracks extending into the
pulp chamber (2 teeth) or the need for a post or other
form of intraradicular retention to help retain the
restoration (9 teeth) (Table 10).

Table 3. Teeth types

Tooth type Maxillary Mandibular Total

Incisor ⁄ canine 2 – 2
1st premolar 6 – 6
2nd premolar 5 5 10
1st molar 29 19 48
2nd molar 13 19 32
3rd molar – 2 2

Total 55 45 100

Table 4. Pain symptoms (as reported by patients)

Sensitivity to Number
of teeth

Cold 1
Heat –
Biting 10
Cold + heat 19
Cold + biting 17
Heat + biting 3
Cold + heat + biting 50

Total 100

Table 2. Reasons for referral

Reason stated by referring dentist Number

Endodontic treatment 43
Referred for another tooth 18
Diagnosis 17
Not specified 13
Investigate crack 9

Total 100

Table 5. Biting pain (tested with Tooth Slooth)

When pain experienced Number
of teeth

On application of pressure 68
On release of pressure 8
On both application + release of pressure 15
No pain when biting 9

Total 100

Table 6. Duration of pain (after stimulus removed)

Duration of pain after
stimulus removed

Number
of teeth

1–2 secs 37
3–5 secs 27
10–15 secs 21
20–30 secs 8
30–60 secs 5
1–2 mins 1
4–5 mins 1

Total 100

Table 7. Time pain had been present prior to seeing
the endodontist

Time pain
present

Number
of teeth

< 1 month 12
1–3 months 40
4–6 months 15
7–12 months 24
1–3 years 8
> 5 years 1

Total 100

Table 8. Number of missing cusps

Number of
missing cusps

Number of
teeth pre-operative

Number of
teeth postoperative

0 83 17
1 16 42
2 1 33
3 – 5
4 – 3

Total 100 100
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Of the 85 teeth that were treated with Ledermix
cement, the symptoms resolved immediately in 60 teeth
and over the following 1–3 days for the remaining 25
teeth (Table 11). At the three-month review, the
pulpitis had resolved in 98 per cent of the 85 teeth
treated with Ledermix cement (Table 12). The pulpitis
continued in one tooth prior to the three-month review

and therefore this tooth required endodontic treatment.
Pulp necrosis was diagnosed in one other tooth at the
three-month review appointment.

Of the 85 teeth treated conservatively, 46 (54.1 per
cent) were reviewed at various times for up to five years
(Table 13) – 43 had no pulp changes but irreversible
pulpitis occurred in two teeth after the amalgam core
restorations had been placed (and prior to the teeth
being prepared for crown restorations). In one other
tooth, the pulp status was uncertain at the three-month
review and again after another three months but the
patient did not return for any further reviews so the
final pulp status could not be determined. It is likely
that the pulp in this tooth became necrotic and would
eventually require endodontic treatment.

Table 14 provides an overall summary of the treat-
ment provided and the outcomes of this treatment.
Overall, 80 per cent of the teeth in this study did not
require endodontic treatment.

DISCUSSION

The use of 100 consecutive teeth diagnosed with
reversible pulpitis due to cracks resulted in a wide

Table 9. Interim restorations used

Interim restoration Number
of teeth

Ketac Silver 18
Ketac Silver + SS Band 71
Ketac Fil 3
Ketac Fil + SS Band 5
Temporary crown 3

Total 100

Table 10. Pulp treatment at the investigation
appointment

Treatment Number
of teeth

Ledermix cement lining 85
Endodontic treatment due to:

• carious exposure 4
• crack into pulp chamber 2
• for post retention 9

Sub-total: 15

Total 100

Table 11. Time taken for the symptoms of reversible
pulpitis to resolve in the 85 teeth that had conservative
pulp treatment with Ledermix cement. (Note: the other
15 teeth in this study had endodontic treatment started
at the ‘‘investigation’’ appointment.)

Time for symptoms
to resolve

Number of
teeth (%)

Immediately 60 (70.6%)
1 day 18 (21.2%)
2 days 5 (5.8%)
3 days 2 (2.4%)

Total 85 (100%)

Table 12. Pulp status at the three-month review for
the 85 teeth that had conservative pulp treatment
with Ledermix cement. (Note: the other 15 teeth in this
study had endodontic treatment started at the
‘‘investigation’’ appointment.)

Pulp status Number of
teeth (%)

Pulpitis resolved 83 (97.6%)
Pulpitis continued 1 (1.2%)
Pulp necrosis 1 (1.2%)

Total 85 (100%)

Table 13. Pulp status at later reviews (up to 5 years) of
46 of the 85 teeth that had conservative pulp treatment
with Ledermix cement. (Note: the other 39 teeth were
not reviewed as the patients did not attend their review
appointments.)

Pulp status at further reviews Number of
teeth (%)

After amalgam core placed – pulpitis recurred 2 (4.3%)
After core and crown placed – no pulp changes 43 (93.5%)
Uncertain pulp status 1 (2.2%)
Tooth extracted Nil

Total 46 (100%)

Table 14. Overall summary of the management and
treatment outcomes of 100 cracked teeth with
reversible pulpitis

Treatment outcome Number
of teeth

No endodontic treatment – pulpitis resolved 80
Uncertain pulp status – patient did not return
for further follow-up as scheduled

1

Endodontics required 19
1. At investigation appointment due to: 15

• exposed by caries 4
• crack into pulp chamber 2
• post required 9

2. At later times due to: 4
• pulpitis continued with temp. restn 1
• pulpitis after core 2
• pulp necrosis at 3 months 1

Total 100

n = 100.
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range of cases and a relevant sample of patients with
no bias associated with the selection of the cases. The
ratio of females to males was approximately 2:1
which is similar to that found in other studies of
cracks in teeth8,18 as well as being typical of patients
treated in general dental and specialist endodontic
practices.19,20 The majority of patients belonged to the
30–50 years group, which is also comparable with
other studies7,21 and typical of specialist endodontic
practice.20

Almost half of the teeth (43 per cent) were referred
for endodontic treatment even though the initial
provisional diagnosis was reversible pulpitis. In partic-
ular, this was confirmed after investigation of 85 teeth
with the other 15 requiring endodontic treatment for
carious exposures or for ‘‘mechanical reasons’’ and not
because of the presence of irreversible pulpits. Cracks
were initially identified by general dentists and referred
for further investigation in only 9 per cent of cases. This
suggests that the referring dentists had not accurately
assessed the pulp status of these teeth but this is likely
to be a reflection of the confusion regarding this topic
that exists within the dental profession.2–5 This also
emphasizes the need for a thorough history, examina-
tion and appropriate tests so an accurate diagnosis can
be formulated.

Many authors have tried to classify cracks according
to symptoms emanating from the pulp.2–9,11,14 These
include thermal sensitivity (to heat and ⁄ or cold), pain
to biting (on application and ⁄ or release), duration of
pain (after the stimulus is removed) and history of pain
(prior to seeing the dentist). Results of this study, as
well as the results of other studies, demonstrate that
these so-called classic or typical symptoms vary con-
siderably.4 This can be easily explained since the crack
is not the disease. Rather, it is the cause of one or more
diseases. The symptoms will be the result of pulp or
periradicular diseases caused by the crack. The symp-
toms will vary depending on the stage of the pulp and
periradicular disease present at the time the patient
attends for treatment, as well as the extent of the crack
or fracture and the position of the crack or fracture.
Hence, the status of the pulp and periradicular tissues
must be diagnosed and then the cause (which may be a
crack) should be identified.

A thorough and comprehensive history must be taken
to develop a provisional diagnosis. Clinical examina-
tion, tests and radiographs are performed to confirm
the diagnosis of pulp ⁄ root canal status and periradic-
ular status and to identify the tooth involved. The cause
of the disease should also be determined during the
clinical examination. Further investigation of the tooth
by removing all the restorations, caries and cracks can
then confirm the above and allow the operator to
reassess the prognosis of the tooth and plan further
treatment.

Many authors and clinicians believe that pain on
release of biting pressure is a classic sign of a cracked
cusp.6,9 However, this was not the case in this study.
The Tooth Slooth was used to test biting pain and only
8 per cent of the teeth had pain on release of biting
pressure as a sole finding related to biting, and another
25 per cent had pain on both application and release of
pressure. It was far more common to have pain when
pressure was applied (68 per cent had this without any
pain on release of pressure) and some teeth had no pain
related to biting. Hence, the so-called classic sign of
pain on release of pressure cannot be relied upon to
identify a crack in a tooth. The position, direction and
extent of the crack will determine whether or not there
is any pain associated with biting, as well as determin-
ing whether the pain is associated with application or
release of pressure. It is also likely that the method used
to test biting pressure and the direction of biting will
play important roles.

It is essential to visualize a crack in a tooth so its
presence, extent and direction can be determined as
these will all affect the treatment required and the
prognosis of the tooth. Fibre-optic light transillumina-
tion is recommended to visualize and identify cracks.
This should be used pre-operatively during examination
and after all restorations have been removed from the
tooth. It is important to remove all restorations, caries
and cracks for thorough investigation of a tooth.22 This
allows full assessment of the tooth for pulp involve-
ment, the amount of tooth structure remaining,
whether the tooth can be restored again and its long-
term prognosis.

After investigation of the teeth in this study, the pulp
was treated with a sedative lining. The lining of choice
was Ledermix cement which contains triamcinolone
(0.67 per cent), calcium hydroxide (33.4 per cent), and
zinc oxide-eugenol. Triamcinolone is a corticosteroid
agent, which acts as an anti-inflammatory agent. Hume
and Kenney23 showed that 70 per cent of this agent
is released from Ledermix cement within the first
24 hours of application to dentine and the remainder
is released by the end of three days. The resolution of
pain symptoms in the teeth in this study was consistent
with the findings of Hume and Kenney’s study23 and
demonstrates the value of using this material for the
management of reversible pulpitis. The return to
clinically normal pulp status for all but two teeth (one
with continued pulpitis, one with uncertain status), as
evidenced by the three-month review and pulp testing,
plus the longer term follow-up of 46 teeth also indicates
that there are no long-term detrimental effects from this
material as believed by many practitioners in the past.
This belief was centred around the presence of the
corticosteroid but, as shown by Hume and Kenney’s
in vitro study,23 this drug is only present for up to three
days. It is likely that the in vivo time of effect is even
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less due to the dynamics of fluid flow through the pulp
clearing the drug at a faster rate in a patient’s tooth.

After all the triamcinolone has been released, the
remaining components in the Ledermix cement can
continue to exert their therapeutic effects on the pulp.
The calcium hydroxide in Ledermix cement has
well known and well researched effects on the dental
pulp24–27 whilst eugenol can be both anti-inflammatory
and anti-bacterial,28–30 depending on the concentration
reaching the pulp following its release from the cement
by the progressive hydrolysis that occurs at the cavity
floor.28 Brännström31 has also shown that zinc oxide-
eugenol prevents bacterial entry into cavities which
helps to reduce and ⁄ or avoid pulp inflammation.

The symptoms of pulpitis continued in one tooth
following the initial conservative management. This
may have been a result of the subjective findings of the
examination being incorrectly interpreted or it may be a
result of further trauma (and thus more inflammation)
to the pulp as a result of the operative procedure used to
investigate and temporarily restore the tooth. The latter
also likely applies to the two teeth where the pulps
initially returned to a clinically normal state after the
conservative treatment but then they developed signs
suggestive of pulpitis again once the core restoration
had been placed some time later. There was one tooth
where the symptoms resolved but it was subsequently
diagnosed as having pulp necrosis. This is also sugges-
tive of further trauma as a result of the operative
procedure but in such a situation the necrosis may have
occurred immediately or very soon after the initial
treatment. Once pulp necrosis occurs, the pulp symp-
toms typically resolve and no further pain is experi-
enced until acute apical periodontitis occurs following
infection of the root canal system.

The importance of removing all restorations, caries
and cracks for further investigation is demonstrated by
this study. Results show that of all the teeth referred
for endodontic treatment, only 15 per cent actually
required endodontic treatment, whilst 85 per cent were
treated conservatively. Furthermore, there were dra-
matic differences in the number of missing cusps pre-
operatively and postoperatively which translates to
major differences in potential treatment options for
these teeth.

The teeth managed conservatively were restored with
interim restorations using traditional chemical-set glass
ionomer cements since they do not shrink as a result of
not containing any resin, which is particularly advan-
tageous for large cavities. Furthermore, these materials
do not require light curing which cannot be carried out
through SS bands. Ketac Silver was used where
aesthetics were not a concern because the colour
contrast with the tooth structure helps the operator to
remove this material and conserve more tooth struc-
ture. Ketac Silver is also less brittle and has adequate

strength to withstand access cavity preparation if
endodontic treatment becomes necessary later.32 Ketac
Fil was used if an aesthetic restoration was required, as
in upper and lower anterior teeth and some premolar
teeth.

In this study, 76 per cent of the teeth had SS bands
placed as part of the interim restorations in order to
help retain them, and not to splint cracks or cusps
together. Bands will not prevent splitting of the tooth if
a vertical crack is present and it has not been removed.
In addition, bands will not prevent bacterial penetra-
tion,33 thus if the crack is not removed, then pulp
irritation may continue and the root canal system may
become infected. The bands may also help with
endodontic treatment if it becomes necessary during
the follow-up period by providing a stable interim
restoration, a stable reference point for measuring canal
lengths and by facilitating rubber dam placement.32

None of the teeth in this study required extraction
and only four teeth required endodontic treatment after
the initial investigation appointment. In contrast, Roh
and Lee21 analysed 154 cases of teeth with cracks and
they reported that 43 per cent required crowns without
root canal filling (RCF), 43 per cent required crowns
with RCF and 14 per cent were extracted. Roh and Lee
also concluded that there is a high possibility of a crack
where intact teeth are sensitive to thermal changes and
to the bite test (although they did not mention what type
of bite test was done). These symptoms and signs are
evidence of an inflamed pulp but this report did not give
any details about the pulp diagnosis or the periradicular
status so their results are difficult to compare with other
studies as it was not clear whether they limited their
study to teeth with reversible pulpitis or not.

Krell and Rivera34 reported a six-year evaluation of
127 cracked teeth diagnosed with reversible pulpitis.
This is the most similar study to the current study in
terms of the cases selected for analysis. However,
these investigators used a different treatment approach
as they recommended crowning the teeth and then
reviewing them to determine whether the pulpitis
resolved. If the symptoms continued or if the pulp
became necrotic, then endodontic treatment was done
via an access cavity cut through the crown. They
reported that 21 per cent of the sample converted to
irreversible pulpitis within two months or had pulp
necrosis within five months. They concluded that if
endodontic treatment is not required within six months,
then it is unlikely to be required later (unless another
initiating event occurs). In comparison, none of the
teeth in the current study required endodontic treat-
ment after crowns were placed and only 4 per cent
required endodontic treatment before crowning. The
approach taken by Krell and Rivera was to manage the
crack as a mechanical problem with an attempt to
splint the crack together with the crown whereas the
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management protocol utilized in the current study was
based on the crack being the cause of the pulp
inflammation. By placing crowns immediately, Krell
and Rivera did not directly manage the inflamed pulp
and therefore a considerable number of the pulps had
further progression of their disease to irreversible
pulpitis or pulp necrosis. It is possible that the further
trauma to the pulp associated with the crown prepa-
ration and placement may have contributed to the
progression of the pulp disease although this would
have been less likely if the pulpitis had been managed
and had resolved prior to the crown procedures being
done. It is also possible that many of the 79 per cent of
teeth whose pulps healed had their cracks removed as
part of the crown preparation process and this may
explain why the symptoms resolved in these teeth.
However, it is impossible to determine this from their
report.

The diagnosis of reversible pulpitis must always be
considered as a provisional diagnosis which needs to be
confirmed and this can only be done when the pulp
recovers – this requires at least 6–8 weeks, but three
months provides a longer time period to enable the
operator to distinguish between pulp necrosis and a
clinically normal pulp – both of which are symptomless.

CONCLUSIONS

Provided there has been an accurate diagnosis of the
pulp status and its cause, teeth with reversible pulpitis
due to cracks can be treated conservatively without
endodontic treatment in about 80 per cent of cases.
Endodontic treatment may be required in some cases
for ‘‘mechanical’’ or restorative dental reasons or if the
pulp is exposed and this can usually be determined at
the initial appointment by removing any restorations
and cracks from the tooth. This study supports the
concept that a crack is a cause of pulp disease rather
than being a disease itself or a syndrome.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the Australian
Dental Research Foundation Inc. which supported this
project with an Undergraduate Dental Student Vaca-
tion Research Scholarship.

REFERENCES

1. Bader JD, Martin JA, Shugars DA. Preliminary estimates of the
incidence and consequences of tooth fracture. J Am Dent Assoc
1995;126:1650–1654.

2. Rosen H. Cracked tooth syndrome. J Prosthet Dent 1982;47:36–
43.

3. Gutmann JL, Rakusin H. Endodontic and restorative manage-
ment of incompletely fractured molar teeth. Int Endod J 1994;
27:343–348.

4. American Association of Endodontists. ‘‘Cracking the cracked
tooth code’’. Colleagues for Excellence 1997, Fall ⁄ Winter. URL:
‘http://www.aae.org/NR/rdonlyres/7D73B05C-FEE4-4B00-AB37-
086056F163BC/0/fw97ecfe.pdf’. Accessed 17 July 2008.

5. Zimet PO. Cracked tooth syndrome. Aust Endod J 1998;24:33–37.

6. Gibbs JW. Cuspal fracture odontalgia. Dent Digest 1954;60:158–
160.

7. Cameron CE. Cracked tooth syndrome. J Am Dent Assoc
1964;68:405–411.

8. Cameron CE. Cracked tooth syndrome: additional findings. J Am
Dent Assoc 1976;93:971–975.

9. Ehrmann EH, Tyas MJ. Cracked tooth syndrome: diagnosis,
treatment and correlation between symptoms and post-extraction
findings. Aust Dent J 1990;35:105–112.

10. ‘‘Syndrome’’. URL: ‘http://dictionary.reference.com/browse/
syndrome’. Accessed 17 July 2008.

11. Christensen G. The cracked tooth syndrome: a pragmatic treat-
ment approach. J Am Dent Assoc 1993;124:107–108.

12. Abbott PV. Classification, diagnosis and clinical manifestations of
apical periodontitis. Endo Topics 2004;8:36–54.

13. Abbott PV, Yu C. A clinical classification of the status of the pulp
and the root canal system. Aust Dent J 2007;52(Suppl 1):S17–
S31.

14. Geurtsen W, Schwarze T, Günay H. Diagnosis, therapy, and
prevention of the cracked tooth syndrome. Quintessence Int
2003;34:409–417.

15. Love RM. Bacterial penetration of the root canal of intact incisor
teeth after a simulated traumatic injury. Endod Dent Traumatol
1996;12:289–293.

16. Walker BN, Makinson OF, Peters MC. Enamel cracks – the role
of enamel lamellae in caries initiation. Aust Dent J 1998;
43:110–116.

17. Kahler B, Moule A, Stenzel D. Bacterial contamination of cracks
in symptomatic vital teeth. Aust Endod J 2000;26:115–118.

18. Homewood CI. Cracked tooth syndrome – incidence, clinical
findings and treatment. Aust Dent J 1998;43:217–222.

19. Waldman HB, Feigen ME. Endodontists in a period of improving
dental economics and changing realities of practice. J Endod
1990;16:179–181.

20. Abbott PV. Analysis of a referral-based endodontic practice. Part
1. Demographic data and reasons for referral. J Endod
1994;20:93–96.

21. Roh BD, Lee YE. Analysis of 154 cases of teeth with cracks. Dent
Traumatol 2006;22:118–123.

22. Abbott PV. Assessing restored teeth with pulp and periapical
diseases for the presence of cracks, caries and marginal break-
down. Aust Dent J 2004;49:33–39.

23. Hume WR, Kenney AE. Release of 3H-triamcinolone from
Ledermix. J Endod 1981;7:509–514.

24. Eidelman E, Finn SB, Koulourides T. Remineralization of carious
dentin treated with calcium hydroxide. J Dent Child 1965;32:
218–225.

25. Siqueira JF, Lopes HP. Mechanisms of antimicrobial activity of
calcium hydroxide: a critical review. Int Endod J 1999;32:361–
369.

26. Estrela C, Estrela CRA, Bammann LL, Pecora JD. Two methods
to evaluate the antimicrobial action of calcium hydroxide paste.
J Endod 2001;27:720–723.

27. Graham L, Cooper PR, Cassidy N, Nor JE, Sloan AJ, Smith AJ.
The effect of calcium hydroxide on solubilisation of bio-active
dentine matrix components. Biomaterials 2006;27:2865–2873.

28. Hume WR. An analysis of the release and the diffusion through
dentin of eugenol from zinc oxide-eugenol mixtures. J Dent Res
1984;63:881–884.

314 ª 2009 Australian Dental Association

P Abbott and N Leow



29. Hume WR. Effect of eugenol on respiration and division in
human pulp, mouse fibroblasts and liver cells. J Dent Res
1984;63:1262–1265.

30. Hume WR. The pharmacologic and toxicological properties of
zinc oxide-eugenol. J Am Dent Assoc 1986;113:789–791.

31. Brännström M. The hydrodynamic theory of dentinal pain: sen-
sation in preparations, caries and the dentinal crack syndrome.
J Endod 1986;12:453–457.

32. Jensen AL, Abbott PV, Castro Salgado J. Interim and temporary
restoration of teeth during endodontic treatment. Aust Dent J
2007;52(Suppl 1):S83–S99.

33. Heffer R. Orthodontic band reinforced interim endodontic res-
torations. Structural integrity and microbial penetration. Perth:
The University of Western Australia, 2006. MDSc thesis.

34. Krell KV, Rivera EM. A six-year evaluation of cracked teeth
diagnosed with reversible pulpitis: treatment and prognosis.
J Endod 2007;33:1405–1407.

Address for correspondence:
Winthrop Professor Paul Abbott

School of Dentistry
The University of Western Australia

17 Monash Avenue
Nedlands WA 6909

Email: paul.v.abbott@uwa.edu.au

ª 2009 Australian Dental Association 315

Managing cracked teeth with reversible pulpitis


