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ARTICLE INFO ABSTRACT

Cracked tooth syndrome is a very common and well documented condition. Many morphologic,
physical and iatrogenic factors predispose posterior teeth to an incomplete fracture. A cracked tooth is
a tooth in which there exists a partial or incomplete fracture of a stress plane that commonly occurs in
that tooth. A tooth stress plane results from occlusal forces that are commonly imposed on that tooth
that may cause, during a masticatory cycle, an incidence of higher energy to occur within the stress
plane lead to incomplete fracture. Epidemiologic data revealed that splits or complete or incomplete
fractures are the third most common cause of tooth loss, indicating the high clinical significance of
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various symptoms. These case reports describes the treatment of patients presenting with variable
Cracked tooth, laints of pai iated with biting and sensitivity of teeth. Th is of those teeth depend
Cuspal fracture, complaints of pain associated with biting and sensitivity of teeth. The prognosis of those teeth depends
Orthodontic banding, on the location and extent of the crack. Early recognition and treatment is the key for proper

Endodontic treatment management of cracked tooth and preservation of tooth for function.
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INTRODUCTION

Cracks may initiate from coronal tooth structure or from within
the root and affect healthy or root canal treated teeth. There are
many terminologies and classifications in the literature for
cracked teeth that can be as confusing as the array of clinical
signs and symptoms which are associated with this condition.
The term “cracked tooth syndrome” is misleading as there are
a range of symptoms that do not form a distinct and reliable
pattern. Symptoms will vary with teeth that have healthy pulps,
for teeth with inflamed or necrotic pulps, and for teeth that
have been root canal treated. The American Association of
Endodontists have classified five specific variations of cracked

Gibbs in 1954 first described the clinical symptoms of
incomplete fracture of posterior teeth involving the cusp,
naming it “cuspal fracture odontalgia”. In 1957, Ritchey et al
reported cases of incomplete fracture with subsequent pulpitis
(Ritchey et al., 1957). The term ‘cracked tooth syndrome’ was
coined by Cameron in 1964. Cameron’s cracked tooth
syndrome described fractures that were not easily visible but
the teeth responded painfully to cold or pressure applications
and became necrotic despite an apparent healthy pulp and
periodontium (Cameron, 1964). In the late 1970s, Maxwell and
Braly advocated use of the term incomplete tooth fracture
(Maxwell and Braly, 1977). Despite the introduction of further

teeth; terms such as hairline fracture, incomplete crown-root fracture,
e Craze line, split-root syndrome, enamel infraction, hairline tooth fracture,
e Fractured cusp, crown craze, craze lines and tooth structure cracks, Luebke
e Cracked tooth, considered fractures as either complete or incomplete (Luebke,
e Split tooth, and 1984). Ellis15 defined incomplete tooth fracture as a “fracture
e Vertical root 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 ligament”.
Fractured cusps usually result from insufficient cusp support
when the marginal ridge is weakened by an intra-coronal
restoration. The crack often extends in mesio-distal and bucco-

The importance of differentiating dentin, pulpal and
periodontal pain for diagnosis and treatment for these specific
entities are of utmost importance.
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lingual directions commonly involving one or both marginal
ridges as well as a buccal or lingual groove and terminates in
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the cervical region either parallel to the gingival margin or
slightly subgingival. The most common cause of an incomplete
fracture is masticatory or accidental trauma. Unintentional
biting with physiologic masticatory force on a small and very
hard object may suddenly generate an excessive load that may
cause the tooth to split.

Magnifying glasses, trans-illumination, staining with dyes are
useful in visualizing cracks (Arens, 2003; Ellis ef al., 1996).
Now a day’s ultrasound imaging system is being used for crack
detection (Culjat ef al., 205). The use of radiographs to detect
cracks is controversial.

Terminology and definitions for cracks/fractures in teeth:

1954 Gibbs" Cuspal fracture odontalgia
1954 Thoma'* Fissured fracture A crack in the crown of the tooth
1957 Ritchey eral Incomplete tooth fracture
1957 Down™ Fissural fracture Fractures involving enamel and dentin without loss of tissue
1961 Sution™ Crack lines A break in the continuity of the tooth revealed only by the presence of a
visible transverse line
1962 Sution™ Greenstick fractures A fracture line forms in a part of a tooth underlying a cusp
1964 Cameron’ Cracked tooth syndrome
1972 Wicbusch™ Hairline fracture
1973 Hiate Incomplete crown-root fracture
1974 Talim & Gohi® Incomplete coronal fracture
1976 Silvestri® . Split-root syndrome
1977 Maxwell & Braly” Incomplete toth fracture A fracture of tooth stucture which extends into dentin but in which the
tooth remains grossly intact
1981 Andreasen™ Enamel infraction An incomplete fracture (crack) of the enamel without loss of tooth  substance
1981 Caufield” Hairline tooth fracture
1981 Johnson™ Crow n craze/crack Injury of enamel without loss of enamel
1983 Abou-Ras" Tooth structure cracks A line that breaks or splits the continuity of tooth dentin surface but does
not perceptibly separate the surface
1983 Abou-Rass" Crack/craze lines Located in coronal enamel
1984 Luebke ™ Incomplete woth fracture A demonstrable fracture but with no visible separation of the segments
- along the plane of fracture
1984 Kruger™ Cracked cusp syndrome
1986 Briinnstrm'" Dentin crack syndrome
1988 Williams™* Incomplete vertical tooth fracure
1989 Lost eral™ Tooth infraction
1989 Schweitzer Odontiatrogenic tooth fracture
1990 Ehrmann & Tyas" Cracked tooth syndrome Incomplete fracmre of a vital posterior tooth involving the dentin and
possibly the dental pulp
1998 Zuckeman®’ Cracked tooth Fractured segments are still joined to one another by a portion of that
tooth through which the fracture has not yet extended
2001 Ellis" Incomplete tooth fracture 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 ligament
American Association of Endodontists classification of cracked teeth
Classification Originate Direction Symptoms Pulp Status Prognosis
Craze Line Crown Variable None Vital Excellent
Fractured cusp Crown M-D and/or Mild and generally, only Usually vital Good
F-L to biting and cold
Cracked tooth Crown=Root M-D often Acute pain on biting Variable Questionable: Dependent on depth and extent of
Central Occasionally sharp pain the crack
to cold
Split woth Crown+Root  M-D Marked pain on chewing Often root filled Poor unless crack terminates just subgingivally
Vertical root Roots F-L Vague pain Mainly root filled Poor: Root resection in multi-rooted teeth
fracture Mimics periodontal disease

A number of co-factors like extensive tooth preparation,
unrestored deep carious lesions, teeth endodontic cells treated
teeth, anatomical deep grooves or pronounced radicular
grooves or bifurcation also make teeth susceptible to fracture.
Iatrogenic factors like rotating instruments during cavity
preparation, overzealous condensation of amalgam, excessive
lateral condensation of Guttapercha and placement of friction
lock or self-threading pins for restoration may also contribute
to tooth fractures. Incomplete tooth cracks generally run in a
mesiodistal direction (81.1%). Rarely horizontal, vertical or
vestibular cracks are seen. These cracks are either limited to
the crown or may involve the root. It is most commonly
observed in teeth with no restorations (35%) and with class I
restorations (39%) and with class II restorations (26%).The
most prevalent age was over 40 years of age and the
prevalence was similar in men (53.9%) and women (46.1%).
Mandibular molars (67%) were more prone to incomplete
fractures than maxillary molars (Byoung-Duck and Young-Eun
Lee, 2006; Homewood Cracked tooth syndrome — Incidence,
1998). Sharp pain on relief of biting is important diagnostic
evidence. It is speculated that this short and sharp pain is
generated by an alternating stretching and compressing of
odontoblastic processes located in the crack and also due to
osmotic pressure change.

Radiographs may reveal the fracture line if it is in direct
alignment with the central rays but since many fractures run
mesio-distally, or in some intermediate plane, alignment is not
possible then assessing the periapical and periodontal status of
teeth is required (Byoung-Duck and Young-Eun Lee, 2006;
Homewood Cracked tooth syndrome - Incidence, 1998;
Rosen, 1992; Geurtsen, 1992). Different angulated radiographs
also helps in detection of cracks. This case series represents
management of fractured cusp of mandibular first molar with
pulpal exposure by fracture fragment stabilization using
orthodontic band followed by conventional non-surgical
endodontic treatment. The primary goal is to splint and
stabilize the fractured part of the tooth to prevent its further
extension or complete fracture of the tooth and preservation of
the tooth.

CASE REPORT I

A 18 year-old female patient reported to the Department
of Conservative Dentistry and Endodontics, Guru Nanak
Institute of Dental Sciences and Research with a chief
complaint of fractured lower right posterior teeth after she
met with a road traffic accident one week back. The extra-oral
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examination revealed no significant findings. The post-
traumatic neurologic and orthopedic status of the patient was
non-contributory. Clinical examination revealed the presence
of a mesio-lingual cusp fracture in relation to right mandibular
first molar extending from the lingual groove to the mesio-
proximal marginal ridge. Although the fragment was mobile, it
was not displaced. The patient complained of pain during
eating and sensitivity to cold foods. Medical and dental history
were non-contributory. Radiological examination revealed a
radiolucent line extending upto the pulp chamber. Pulpal
exposure was revealed by clinical and radiographic
examinations confirming the necessity of endodontic treatment
in tooth 46.

Pic. 1. Preoperative picture

CASE REPORT 11

A 19 year-old male patient came to the Department of
Conservative Dentistry and Endodontics ,Guru Nanak Institute
of Dental Sciences and research with a chief complaint of
fractured lower right posterior teeth one week after he met with
a road traffic accident. The extra-oral examination revealed no
significant findings. The post-traumatic neurologic and
orthopedic status of the patient was non-contributory. Clinical
examination revealed redness associated with right mandibular
first molar and the overlying area was tender to palpation. The
tooth was tender to percussion. On closer inspection, a
superficial crack was observed running in a mesio distal
direction revealing the presence of a mesiolingual cusp
fracture, extending on the lingual and mesial aspects of #46
extending from lingual groove to the mesio-proximal marginal
ridge. The fracture fragment was mobile and undisplaced. The
patient complained of pain during eating and sensitivity to cold
foods .Medical and dental history were noncontributory.
Electric pulp test and heat test with a gutta-percha stick gave a
lingering response. Radiological examination revealed a
radiolucent line extending upto the pulp chamber. Pulpal
exposure was revealed by clinical and radiographic
examinations confirming the necessity of endodontic
treatment.

Pic. 2. Preoperative picture

CASE REPORT III

A 27 year-old male patient came to the Department of
Conservative Dentistry and Endodontics ,Guru Nanak Institute
of Dental Sciences and research with a chief complaint of
fracture in lower right posterior tooth after he met with a road
traffic accident one week back. Patient also complain pain
during eating and sensitivity to cold foods. The medical history
of the patient was noncontributory. Clinical examination
revealed the presence of disto-lingual cuspal fracture in
relation to right mandibular first molar which had an existing
amalgam restoration. The mobile but undisplaced fracture
extended from lingual groove to disto-proximal marginal ridge.
Medical and dental history were non-contributory.
Radiological examination revealed a radiolucent line extending
upto the pulp chamber on the disto-lingual cusp. Pulpal
exposure was revealed by clinical and radiographic
examinations confirming the necessity of endodontic treatment
in tooth 47.

Pic. 3. Preoperative picture

Treatment Procedure
For all the cases same treatment procedure was followed.

After administration of local anaesthesialignox 2%
(Lignocaine) (Indoco Remedies Ltd), the tooth was banded
with an orthodontic band .The band was luted in place with
Glass Ionomer Cement. Access cavity preparation was done
with no 4-round bur and endo access bur (Dentsply Endo
Access Bur (Cutting Head) FG 2. Following the working
length estimation with no 15 K file (Mani K-File 25mm Size
15) in #46, a thorough cleaning and shaping of the canals was
performed with ProTaper Universal Files. The root canals were
irrigated with 2.5% sodium hypochlorite (Hyposol, Prevent
Denpro) and normal saline solution. The canals were dried
with sterile paper points. At the second appointment the canals
were obturated with F2 ProTaper gutta-percha cones using AH
Plus sealer. The fractured fragment was sealed with flowable
composite. The access cavity was restored with packable light
cure composite resin. In the next appointment orthodontic band
was removed and crown reduction was done followed by
cementation of the PFM crown on #46. Follow up
examinations was carried out after one week and three months
and in all the three cases the tooth was functional and
asymptomatic.
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PICTURES

Case 1.

Inspection of fracture line Preoperative radiograph Orthodonfic Banding
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Post obturation radiograph Tooth reduction

Case 2.

Preoperative radiograph Orthodontic Banding Working length radiograph

Master cone radiograph

Post obturation radiograph Access cavity restoration PFEM Crown Cementation
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Case 3.
Preoperative radiograph Orthodontic banding ~ Canal instrumentation Master cone fit
Post obturation radiograph Access cavity restoration  Tooth reduction Metal crown cementation
DISCUSSION In this procedure, the original tooth contours are restored, the

Traumatic dental injury is a frequent common oral finding with
its relatively high prevalence and significant impact on
individuals and society. Dental fractures account for 26-76%
of dental injuries in the permanent dentition. Trauma to the
teeth may result either in injury to the pulp, with or without
damage to the crown or root, or in displacement of the tooth
from its socket. Traumatic injuries to teeth can occur at any
age. A 12 year review of the literature reports that 25% of all
school children experience dental trauma and 33% of adults
have experienced trauma to the permanent dentition.
Depending on age, the incidence is higher in boys than in girls,
with male: female ratios varying from 2:1 to 3:1. Dental
trauma and associated fracture of tooth often has a severe
impact on the psychological wellbeing of a patient. This
condition requires immediate attention/consideration for re-
establishing both esthetics and function. It has been found that
there is a positive emotional and social response from the
patient to the preservation of natural tooth structure. A number
of techniques have been developed to restore the fractured
crown. Early techniques include porcelain jacket crown,
orthodontic bands, pin retained restoration and composite
resin. Tennery (1988) was the first to report the reattachment
of a fractured fragment using acid-etch technique.  Starkey
and Simonsen (1979) have also reported similar cases. This
technique can be used only when intact tooth fragment is
available and close repositioning between fragments is
possible. Reattachment of the tooth structure influences
aesthetics by retaining natural translucency and surface texture.
Requiring only a single, less time-consuming appointment for
treatment, this procedure is relatively simple, atraumatic,
inexpensive, and can be performed on anterior or posterior
teeth. The remarkable advancements in adhesive systems and
resin composites has made reattachment of tooth fragments a
long term restorative treatment procedure offering a favorable
prognosis.

conservative treatment allows future treatment alternatives,
and a more predictable long-term appearance occurs following
the placement of a minimal amount of composite at the
restorative interface. Follow-up visits are critically important
for all traumatic injuries. The patient should be followed for 3,
6, 12 months and yearly for 5 years. Esthetics, tooth mobility,
and periodontal status should be confirmed both clinically and
radio-graphically on these follow up visits. Fracture tooth
reattachment allows restoration of the tooth with minimal
damage to the remaining tooth structure. Various problems like
differential wear of restorative material, unmatched shades and
difficulty of contour and texture reproduction associated with
other restorative techniques can be eliminated by the use of
natural tooth structure. Reattachment of the fractured fragment
was possible in these cases as the fracture fragment was intact.

Conclusion

Tooth  fragment reattachment procedure offers an
ultraconservative, safe, fast and esthetically pleasing result
when the fractured fragment is available. Reattachment of the
dental fragment as a restorative procedure has become possible
with the improvement of adhesive techniques and restorative
materials.
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