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ABSTRACT:
Cracked Tooth Syndrome (CTS) is both a transient and progressive condition. CTS is a frequent reason that patients change
clinician. Patient reports pain, and often the dentist relies on a periapical radiograph to determine the origin of the pain.
Because the CTS is a vital pulp condition, the periapical radiograph is of limited value as a diagnostic test for CTS. As a result,
lack of treatment, or inappropriate treatment, will not resolve the symptoms, often causing the patient to seek help from
another clinician. Diagnosis of CTS can be difficult, appropriate treatment is necessary to prevent further damage to the tooth,
and the failure to diagnose this condition can result in the eventual loss of the affected tooth. This article will present a
classification system for CTS and discuss how to accurately diagnose and treat this clinical condition.
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INTRODUCTION

Cracked Tooth Syndrome (CTS) may be defined as a
fracture plane of unknown depth and direction, passing
through tooth structure that, if not already involving, may
progress to communicate with the pulp and/or periodontal
ligament1. In 1993 Williams presented a classification of
specific diagnostic symptoms of CTS as well as guidelines
for predictable treatment.1 The condition of CTS was
originally described by Cameron in 1964, and he revisited
the subject in 1976.2,3 In 1993 Christensen presented a
pragmatic treatment approach that discussed types of
cracks, and noted that certain more complex cracks
involved the dental pulp or intraradicular portion of the
tooth.4

Etiology

Etiology is not specific, but commonly seen in teeth
with large and complex restorations. Stressful lifestyle,
parafunctional habits like bruxism, clenching and high
masticatory forces are contributing factors.

Stress concentrations: it can be due to

 Pin placement in pin retained complex
restorations.

 Hydraulic pressure in tightly fitting cast
restoration

 Non incremental placement-composite
restoration

 Torque on abutments – Long span bridges

With the aging process, more restorations will likely
be placed, and teeth will be more susceptible to CST. If
undiagnosed, the fracture will progress with time, and
teeth will fail. Thus early diagnosis will be essential to save
these teeth. Different types of fractures require different
approaches for management. CTS can affect patients of
all ages.5,6

Gibbs7 wrote one of the earliest reports on the subject of
CTS, listed conditions that promote tooth fracture. Cusps
weakened by caries, improper depth and width of the
cavity preparation, and faulty restorations were generally
considered the most important causes. He also described
the CTS as odontalgia secondary to cuspal fracture. His
characteristic findings were: (1) pain on mastication; (2)
difficulty in localizing pain; and (3) lack of other objective
or subjective findings.

Stanley8 suggested that considerations in cavity and
crown preparations may reduce the incidence of CTS. The
restoration and remaining tooth structure must resist
structural failure if the restoration is to be successful. Cusp
protection is essential.

Signs and symptoms

1. Erratic pain on mastication especially with release of
biting pressure.

2. Sensitivity to thermal changes.
3. If pulp is involved, signs and symptoms of

irreversible pulpitis or pulpal necrosis.
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4. May present with periapical pathology.
5. Generally tooth is not tender on percussion.

Diagnosis2,4

1. A detailed history of the patients dietary and
parafunctional habits, history of previous trauma.

2. Visual examination: look for wear facets and steep
cusps with proper illumination,

3. Magnifying loops, fibrotic transillumination test.

4. Tactile examination: pass the tip of the sharp
explorer gently along the tooth surface, it may
catch the crack.

5. Bite test: orange wood stick, rubber wheel or tooth
slooth are commonly used. Tooth slooth is small
pyramid shaped, plastic bite block with small
concavity at the apex which is placed over the
cusp and patient is asked to bite upon it with
moderate pressure and release, here if there is pain
upon the release of pressure, then it is the classic
sign of cracked tooth syndrome.

6. Use of dyes like methylene blue can be used, dark
stain present on the fracture line helps in detecting
the fracture.

Differential Diagnosis

As part of the diagnostic process for CTS, the clinician
must thoroughly evaluate the nature of pain, its incidence,
is the tooth is painful on pressure or on release of
pressure.

Some of the more common causes include:
endodontic abscess, periodontal abscess, pericoronitis,
sinusitis, discomfort associated with orthodontic
movement, hypersensitivity, poorly placed composite
restoration, restoration impinging on the attachment
apparatus, loose temporary restoration or crown, open
contact, a tooth about to exfoliate, bruxism and clenching,
and a parafunctional occlusal habit.

Most of these conditions are easy to diagnose, and if
the problem is none of the above, then clinicians must
consider a fractured tooth. The clinician may ask the
patient which side of the mouth is the preferred side for
chewing. If a favorite side of the mouth is identified, the
opposite side should be the focus of the differential
diagnosis. Proper diagnosis and early treatment of a
fracture can prevent a vertical fracture or pulp
involvement.

Classification of Cracked Tooth Syndrome:

Based on the work of Williams,1 a classification system
for CTS was developed, including symptoms and
guidelines for diagnosis and treatment.

Class I: Incomplete Vertical Fracture

Symptoms: This fracture involves the dentinal tubules,
and action potentials are produced when there is
micromovement of the crack. These fractures can often be
seen under the microscope and through the additional use
of transillumination or staining procedures. If the dentist
makes an early diagnosis, the problem may not progress
beyond a class I fracture. If the diagnosis is missed and no
treatment is provided, it may rapidly proceed to a class IV
fracture.

The majority of fractures seen by general
practitioners are class I and class II. Class III and class IV
fractures have unpredictable outcomes, and a class V
fracture requires extraction. Success depends on an
accurate diagnosis, relief of the occlusion, and a proper
restoration. The cleavage plane of a class I fracture is
usually in a mesiodistal direction. The patient with this
problem often complains for months or years that they
experience a sharp pain when chewing. Again,
radiographs are of no diagnostic value here because there
are no osseous changes, and the fracture is perpendicular
to the radiographic beam. Often, a patient will call one day
to report that a portion of a tooth has broken and the sharp
pain has subsided.

Diagnosis: The key to diagnosis is to reproduce the
symptoms of the patient’s chief complaint, which is a
sharp pain when biting. A variety of diagnostic aids are
available, but perhaps the best is a cotton roll or a cotton
wad. The cotton wad technique is as follows: Place the
patient in a sitting position and ask them to identify a
substance that causes pain when chewing. If the answer
is gum, for example, then wad a piece of cotton in the size
of chewing gum and wet it. Have the patient chew on this
until experiences pain. Pain may be experienced within a
few seconds, or it may take several minutes for the patient
to locate the exact area that elicits pain. The patient is
instructed to keep the teeth together when they
experience pain and inform the clinician. This often works
well if the patient has been complaining of pain on
chewing for a number of years. It may be necessary to
change the size of the cotton wad, moisten with saliva,
and duplicate their own symptom in what is often their own
special occlusal position. In this manner, the patient will be
able to participate in the diagnosis

Treatment: For a fracture in one or more of the line
angles in a tooth without pulpal symptoms, Place a copper
band or stainless steel band with permanent cement, or a
temporary crown and removal of cuspal contact. (Note: If
the tooth has an existing restoration that is deep toward
the pulp, upon its removal a base should be placed before
the permanent cement is placed; otherwise, the pulp may
be irritated from the cement.) If the patient is
asymptomatic after 1 week, and has no discomfort with
thermal changes, then the tooth can be predictably
restored with a cast crown.
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Class II: Pulpal Involvement:

In this class, crown fracture is associated with
irreversible inflammation of the pulp. This category can
include teeth without symptoms, but pain with thermal
change can also be observed.

Symptoms: In addition to sharp biting pain, the patient
will often experience discomfort with thermal changes and
report a recent history of pain with thermal stimuli. The
tooth may have advanced to an acute alveolar abscess,
but there will be a recent history of pain to thermal stimuli.
The history is key in these cases. If the patient is
questioned about when they had pain on biting, was the
pain first with biting or to thermal change, the patient will
report that the pain occurred first with biting. This should
lead to a diagnosis of a vertical fracture in the crown.
If the fracture is not diagnosed, and the patient is treated
just for pulpitis or acute alveolar abscess, failure will result.
The reason for failure is that the tooth was not treated for
the combined problem of fracture and pulpal involvement.
Teeth in this category need to be treated with a copper or
stainless steel band that is cemented with permanent
cement, and root canal therapy. If the tooth is
asymptomatic to chewing after the endodontic treatment is
completed, then it can be restored with a cast crown. The
tooth must be completely asymptomatic to chewing or
biting before treating with a crown or the treatment is not
predictable. Do not expect the tooth to be less
symptomatic with a crown in place than it was with the
cemented band4.

Diagnosis: Duplicate symptoms with biting, and evidence
of pulpitis.

Treatment: Adjust the tooth so it is not in occlusion. Band
the crown immediately. Treat the pulpal pain appropriately.
Check the mesial and distal surfaces for increased probing
depth. If an isolated periodontal defect is observed, the
fracture may involve the root surface in an apical direction,
and the prognosis is poor. If the tooth remains
symptomatic to biting after the band is placed and
endodontic treatment is complete, consider extraction.

The reason the tooth remains symptomatic is that the
fracture line has extended into the periodontal ligament,
and the pain the patient experiences is from the
periodontal ligament and not the pulp. The symptoms will
not improve when a crown is placed. If the tooth is
asymptomatic with the band and following endodontic
treatment, then continue with a cast crown. Within the next
2 or 3 years, some teeth in this category will be lost, but
the vast majority will be as serviceable as any other
endodontically treated tooth.

Ultimately, it is difficult to measure the relationship of
the depth of the fracture and pulpal involvement, except by
a sequence of measured symptoms after band placement.
There are three possible outcomes after band placement2.

Class III: Attachment Involvement:

The class III fracture is the most difficult to treat
because the periodontal defect associated with the
fracture is important to the prognosis. This dilemma was
described by Hiatt.9 He concluded that as the fracture
proceeds deeper into structures of the tooth, bacteria
invade the pulp or periodontal tissues and may result in
pulpal lesions, periodontal lesions, or combined lesions.
The attachment apparatus is often involved. These cases
can have minimal probing depth, except in the area of the
fracture. The depth will depend, of course, on the extent of
the fracture.

Here the pulpal tissue is almost always necrotic and
often asymptomatic. Generally, the patient’s history will
reveal that they have experienced symptoms of a class I
and class II fracture.

The fracture has now advanced to involve the
periodontal ligament. The tooth may have an acute
alveolar abscess. There may or may not be an endodontic
lesion obvious on the radiograph.

Symptoms: If the pulp is necrotic, there are few
symptoms.

Diagnosis: History of class I and class II symptoms.
Periapical or lateral bone loss radiographically.

Treatment: In most cases the best treatment is extraction.
However, certain procedures may be attempted if the
tooth is particularly important either functionally or
aesthetically . The clinician can band the tooth, treat any
acute symptoms, and observe the results. Cleaning the
root canal system will eliminate the endodontic
component. If the tooth has shallow probing depth in the
area of the fracture line, and if the tooth becomes
asymptomatic with biting following banding, then the
clinician can consider proceeding with endodontic
treatment and a crown. This should not be the treatment
plan unless the clinician is certain the patient understands
that the prognosis is uncertain.

Class IV: Complete Separation of Tooth
Fragments

This type of fracture is through the crown, extends
subgingivally, and one or more parts of the tooth are
mobile. The mobile portion needs to be removed, and if
what is remaining is restorable, the endodontic
involvement is treated and the tooth restored. The ability
to restore the crown must be considered in the approach
to treatment.

Symptoms: History of fracture symptoms, bite pain, and
gingival swelling or inflammation.

Diagnosis: Deep and narrow periodontal defect.

Treatment: Extraction of all or a portion of the tooth.
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Class V: Retrograde Root Fracture

These fractures originate at the apex and travel
coronally. They are iatrogenic in nature, resulting from
overzealous preparation of the root canal, the obturation of
the apical root canal system, or inappropriate post
placement. Root amputation or extraction is the only
solution. The challenge is to rule out other causes besides
a vertical root fracture.

A failing root canal treatment can appear as a vertical
fracture on the radiograph. Often, a root with a vertical root
fracture will have a lesion of endodontic origin that is
parallel to the side of the root. The typical radiographic
appearance of a failing endodontic procedure is rounded
radiolucency, with its center point being the portal of exit
from the failing, infected root canal system. The typical
radiographic appearance of a vertical fracture is round at
the apex (similar to the typical lesion of a failing root
canal), but the lesion will over time move coronally along
the root. The coronal edge of the lesion will form a knife-
edge with the periodontal ligament8. When evaluating a
lesion that over time progresses coronally along a root,
note that a failing root canal with an undersealed
accessory canal will also give a similar picture. These
complications are rarely seen by the general practitioner
because they are observed either after extraction or during
endodontic surgery. It is important, however, to
understand the associated symptoms.

Generally, when dealing with a root fracture, the
sensation the patient reports will be fairly continuous. In
the case of a failing endodontic procedure, the symptoms
will frequently vary over time. Some of the patient’s
symptoms include discomfort with manipulation of the
tooth, pain on chewing, and vague discomfort since
completion of endodontic treatment. There may be
intermittent swelling8. The class V fracture usually occurs
in a bucco-lingual direction. This is opposite to the
direction of class I and class II fractures. Class V fractures
frequently occur on the mesiobuccal root of maxillary first
molars and the mesial roots of mandibular molars, and
maxillary premolars and mandibular incisors. These
problems can be seen when there are two canals in a root.

Many times, the obturation quality looks acceptable. If
a patient has had discomfort for several years, and
endodontic therapy was performed several years ago, a
fracture should be part of the differential diagnosis.

Symptoms: Tooth discomfort, sometimes vague.

Diagnosis: Radiographic, history, and observation during
endodontic microsurgery.

Treatment: Extraction or endodontic surgery.

Lastly, note that the CTS occurs most often on mandibular
second molars, followed by maxillary first molars,
mandibular first molars, and maxillary first premolars.1,2

Prevention of Crack Tooth Syndrome8: As prevention
is better than cure: Methods for prevention:

• Conservative cavity or tooth preparations
• Rounded internal line and point angles
• Cuspal protection
• Passive cementation of cast restorations
• Proper placement of pins
• Removal of eccentric contacts

CONCLUSION:

 The CTS presents both a challenge and an
opportunity for the dentist. The condition is like a
crack in a windshield, it can stay the same or spread.

 The diagnosis of a cracked tooth can be difficult, but
there is no doubt that it must be done with
expediency.

 Providing a solution to the patient’s elusive problem,
no matter what the prognosis satisfies the patient’s
reasons for having sought our expertise and allows
the patient to initiate the appropriate treatment plan.
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