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Cracked Tooth Syndrome in an
Unrestored Maxillary Premolar:
A Case Report

S Batalha-Silva ® R Gondo ® SC Stolf
LN Baratieri

Clinical Relevance

Cracked tooth syndrome is an uncommon finding in unrestored teeth. However, these
phenomena appear to be found with increasing frequency, creating a challenge for a correct
diagnosis. Direct-bonded restorations may be a safe and conservative option for teeth

affected by incomplete cracks.

SUMMARY

Cracked tooth syndrome is known to occur
most frequently in heavily restored teeth.
Nevertheless, when the symptoms occur in
intact teeth, there is difficulty in obtaining a
correct diagnosis because it is difficult for the
dentist to find where the crack is located. This
clinical report describes the diagnostic proce-
dures and the direct bonded composite resto-
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ration used to restore an incompletely
fractured unrestored maxillary premolar in a
22-year-old female patient. To achieve a cor-
rect diagnosis, the following were performed:
periapical and bitewing radiographs, percus-
sion and thermal vitality tests, a bite test, and
the placement of a stainless steel band. Once
the symptoms ceased with band placement,
cone beam computed tomography, transillumi-
nation, macro photographs, and isolation with
a rubber dam helped to visualize the crack line
along the occlusal surface involving distal and
mesial marginal ridges. The crack was traced
using a high-speed tungsten carbide bur until
the fracture line was not visible. The tooth was
restored with a direct composite resin, associ-
ated with a total-etch adhesive system, and the
symptoms were immediately eliminated.

INTRODUCTION

Fractures are one of three major conditions in
human teeth that cause pain.’ However, when a
tooth fracture is incomplete, the presentation is more
subtle and frequently remains undiagnosed because
signs and symptoms are often confusing and are not
sufficiently recognized by clinicians. Cracked tooth
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syndrome (CTS) is described as an incomplete
fracture of a vital posterior tooth involving enamel
and dentin and possibly the dental pulp. It may
cause a complete fracture, reaching the dental pulp
and/or periodontal ligament.

The term cracked-tooth syndrome was first used
by Dr Cameron in 1964 and was defined based on
three clinical observations.? First, a patient com-
plained of pain upon application of cold or pressure
to a tooth that had been recently restored with a
mesio-occlusal inlay, and there was relief of the
pain a year later when the distal cusp broke off,
even though sensitive dentin was then exposed. In
the second observation, some posterior teeth had
abscessed with small shallow restorations and no
periodontal disease; however, there was evidence of
rarefactions at the apex. Upon extraction and
examination with magnification, many of these
teeth were found to have cracks extending from
the mesial, distal, or both marginal ridges, and the
patients had a previous history of pain or occlusal
adjustment. The third observation came from three
other cases where, after extraction of fractured
teeth, patients shortly thereafter complained of
pain in another tooth. These latter suspect teeth
were covered with crowns and complete fractures
were prevented. Other authors had previously
described the incomplete fracture as “cuspal frac-
ture odontalgia,”® “fissured fractures,”* and “green-
stick fracture of the tooth crown.”

The predominant symptom of a cracked tooth is
discomfort from chewing pressure, especially with
hard foods of a certain consistency.*%® This pain
may have been present for several months previous-
ly,1%-12 50 the patient might have adapted to the pain
by learning to avoid the painful side when biting
tough foods.® The pain is sharp and brief, usually
lasting as long as the pressure persists and ceasing
when the force ends. This can be explained by
dentinal tubular fluid flow, which is a result of the
movement of the tooth fragments away from and
toward each other.'® These movements also can
stretch and possibly disrupt dentinoblastic processes
along the fracture plane.® In vital teeth, depending
on the depth of the crack and its duration, an
additional symptom may include sensitivity to
thermal changes, particularly to colder tempera-
tures.?”

The predisposing factors and etiology of CTS are
still not properly understood and have a complex and
multifactorial aspect. Usually, the cracks occur in
restored teeth, with a direct relationship to the size
of the restoration.!"'* Teeth with restorations have

a 29 times greater risk for cracks when compared
with intact teeth,'® and there is a higher incidence of
CTS in teeth with restored marginal ridges.®
However, intact or minimally restored teeth can
also be compromised by incomplete fractures, with
some studies'®!? finding an increased incidence of
the syndrome, ranging from 13% to 74% in healthy
teeth.>'822 An in vitro study confirmed that unre-
stored molars could withstand higher stresses under
mechanical and thermal loads than restored molars
with amalgam and composite restorations.??

It is interesting that CTS can affect multiple teeth
in the same patient.>?*27 Cameron treated 50
patients with CTS, and seven patients had lost
another tooth due to fracture.? In another study,
nine patients (28%) exhibited incomplete fractures in
more than one tooth, ranging from two to six.'’ A
couple of case reports described bilateral cracked
teeth in intact maxillary molars and premolars.?+2?
In those cases, the authors mentioned there was
evidence of tooth wear, habits of chewing very hard
nuts,?* wear facets, hypertrophy of the masseter
muscles, and extremely steep cusp-fossa relation-
ships, which could have acted as a splitting force on
maxillary teeth.?’

The following clinical case describes the occur-
rence of CTS in an unrestored maxillary premolar.
After the use of simple and sophisticated tools for
diagnosis, the crack was traced with a carbide bur
and a direct-bonded composite resin restoration was
performed.

CLINICAL CASE REPORT

A 22-year-old female patient presented to the
Department of Operative Dentistry at the Federal
University of Santa Catarina complaining of discom-
fort with the maxillary left premolar during masti-
cation of soft food (Figure 1). Her medical history
revealed no systemic problems. The patient reported
that she had suffered a road traffic accident 2 years
prior but with no major trauma to the head region.
Tooth 24 was intact with no periodontal or endodon-
tic disease, based on clinical and radiograph exams
(Figure 2). No symptoms related to cold sensitivity
were present, but some pain presented when
chewing sweet food. The patient was asked to bite
a wooden wedge and complained of pain when the
biting pressure was released (Figure 3). Transillu-
mination (Microlux, Addent, Danbury, CT, USA)
showed a fracture line on the occlusal surface in a
mesiodistal direction, affecting both marginal ridges
(Figure 4). Because it was not clear whether this

$S900E 98] BIA |0-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



462

Operative Dentistry

Figure 1. Initial view of the nonrestored tooth 24.

crack was causing all of the symptoms, and to
exclude others sources of pain, a stainless steel
orthodontic band was cemented on the tooth and the
patient tested the tooth for 21 days (Figure 5).

The placement of the orthodontic band immedi-
ately eliminated all symptoms. The band was
removed after 21 days and, in an attempt to assess
the depth and length of the crack, cone beam
computed tomography was conducted. The images
localized the crack at the same position as was
observed in macro photographs and transillumina-
tion (Figures 4 and 6). The tooth was isolated with a
rubber dam, where the crack became more evident
due to dehydration (Figure 7). A high-speed tungsten
carbide bur was used to create a conservative cavity
preparation and the crack was removed until no
fracture line was visible. The crack involved enamel

Figure 2. Periapical radiograph of left maxillary premolars. No
significant findings were present.

Figure 3.  Bite test using a wooden wedge revealed pain in tooth 24.

and the external dentin. A fiber optic light was used
to confirm crack removal during the cavity prepara-
tion (Figure 8). A provisional restoration (Bioplic,
Biodinamica, Londrina, Brazil) was placed and the
patient tested the tooth for two weeks (Figure 9).
Given that no more symptoms were present, the
mesial-occlusal-distal (MOD) defect was restored
(Figure 10) with a direct composite resin (Filtek
7350 XT shade A2E, 3M ESPE, St Paul, MN, USA),
using a total-etch adhesive system (Adper Single
Bond 2, 3M ESPE).

DISCUSSION

By eliminating the symptoms before and after the
restorative treatment, and by making the crack
visible, it may be concluded that the intact maxillary
premolar in the current study suffered from CTS.

Figure 4. A crack was observed under transillumination on the
occlusal surface of tooth 24, from a mesial to distal orientation.
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Figure 5. A stainless steel orthodontic band was cemented to
confirm the diagnosis. The patient could bite without pain after this
procedure.

In a more recent clinical investigation of 154
cracked teeth, most of the affected teeth (89.6%)
were intact or minimally restored.!” Similarly,
another study found that 40% of incomplete frac-
tures were in healthy teeth or in teeth with a single
occlusal restoration.?® This is not a recent event.
Hiatt,'® in an earlier clinical study, found a high
percentage (74%) of incompletely fractured teeth
with no restoration or without a significantly
weakened tooth due to a Class I restoration.
Therefore, the possibility of an unrestored cracked

Figure 6. A cone beam computed tomography showing the crack in
a mesial-distal direction, involving the mesial, occlusal, and distal
faces.

Figure 7. Using a rubber dam, the crack was better visualized by
giving a contrasting color to background and keeping the tooth
dehydrated.

tooth should be considered, regardless of the location
of the tooth or the presence and size of a restoration.

An unintentional bite on a very hard and small
object, like a seed, is the most common cause for
CTS.152% This event can immediately cause an

Figure 8. (a): Transillumination was useful to confirm the defect
removal during the cavity preparation, until no more cracks were
visualized. (b): Completed MOD cavity preparation.
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Figure 9. The tooth received a provisional restoration, and the
patient tested the tooth for 21 days.

excessive masticatory load, due to the small contact
area. As a result, the tooth may crack or frac-
ture.?®?! The same can happen during heavy impact
in an accident involving the mandible and maxilla,
as is believed to have happened in this present
clinical report. Patients with healthy physiologic
occlusion are inherently more confident to chew and
might unexpectedly exert an excessive masticatory
force on a hard object when compared with patients
with periodontal disease. Patients with periodontal
disease are naturally more cautious with biting due
to the presence of mobile teeth, and consequently,
these patients are less prone to splitting teeth due to
mastication.®

Another etiological factor for the presence of CTS
in unrestored teeth is excessive occlusal forces.?*1?
Cameron proposed that the force exerted to cause
the crack seems to be a prolonged hammering.?
Almost 60% of the cases provided histories of
discomfort from one month to 10 years, and few
patients could remember a sudden force. However,
these patients had usually suffered complete frac-
tures.? In addition, most patients exhibit worn
occlusal surfaces and canines, which are evidence
of interferences, interceptive contacts, or brux-
ism.28:10:24.25.29.30 (¢elygal trauma also can be
present when there are severe occlusal premature
interferences from working and nonworking sides,
teeth adjacent to an unrestored edentulous region, or
malposed teeth.®!%'® The general dental exam of
occlusion should observe disclusion movements.
Patients with anterior disclusion rarely have a
fractured tooth, unless it occurs during a “mastica-
tory accident.” The incidence of fracture is greater in
extreme Angle Class II occlusal relationships be-
cause anterior disclusion is poor or nonexistent,
relegating shearing forces to the posterior teeth.'’

Operative Dentistry

Figure 10. After the symptoms were eliminated, a direct bonded
MOD composite restoration was performed.

In this current clinical report, it is possible that
the anatomical features contributed to the crack
occurrence. Cameron? affirmed that premolars and
molars are frequently fractured and split in a
mesiodistal direction into buccal and lingual frag-
ments. Bifurcated roots and the occlusal relationship
with antagonist teeth are crucial for the incidence of
the CTS."2021:31 Teeth with deep cusps and steep
fossae are more vulnerable to fracture due to the
wedge effect from antagonist cusps, resulting in
compressive forces in the cusps and tension forces in
the pits.1'51820.25 This wedge effect has been sug-
gested as a major cause of broken intact teeth,41831
especially in maxillary premolars with deep
grooves,'12%21:32 g5 presented in this current clinical
case. Another causative factor, suggested by Hiatt,'®
is an internal structural weakness that might exist
between cusps at calcification sites that have failed
to coalesce. These developmental weaknesses are
noted in the formation of pits, fissures, grooves, and
lamellae, creating a point of structural fatigue that
tends to spread or separate cusps.'®

This clinical condition, when present in intact
teeth, carries a puzzling challenge to the profession-
al, when compared with restored teeth, because it
has been recommended to remove all of the restor-
ative material in order to visualize fractures in teeth
with CTS.2816.19-2127 Mhe crack in an unrestored
tooth is frequently hard to see during a common
clinical examination. Moreover, it is even harder to
trace the crack with a bur. Fortunately, simple tools
may help find where the crack is located, such as
transillumination, application of dyes, isolation with
rubber dam, macro photographs, and surgical loupes
or microscopes,®11:19:20:24.28.30.33.34  g1though these
tools cannot reveal the extent or depth of a
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fracture.?® The use of a rubber dam enhances the
visibility of these cracks because it isolates the tooth
with a contrasting color and keeps the area free of
saliva, removing peripheral distractions.® However,
these tools should be used in association with bite
tests: This type of test is the most reliable for
reproducing the symptoms of CTS because biting
pain is present in more than 80% of the cases.®?*27
Transillumination, for instance, dramatizes all
cracks to the point that craze lines (shallow cracks
confined to enamel that are nonsymptomatic and do
not require treatment) appear as serious structural
cracks, confounding the visualization of symptomatic
cracks. 193637 In this current clinical case, another
confounding factor was centrally located cracks,
because they seem to follow the lines of the dentinal
tubules, more closely approximating the dental pulp
and causing more severe symptoms.>*”

Although the crack in the current case was visible
by transillumination, the placement of an orthodon-
tic stainless band was indicated to confirm the
diagnosis. This procedure has been advocated for
unrestored cracked teeth and for those teeth where
the existence of a crack can only be presumed by the
symptoms.1716:20:35:38 Ag shown in this present
clinical report, the stainless steel band aided in a
correct diagnosis and appeared to be the most
conservative approach. The band serves as a splint;
if the pain on chewing stops, the diagnosis is
confirmed. After cementation of the band, the biting
test is repeated and the patient should not feel any
pain. The patient is then instructed to use the tooth
normally, and is reexamined after two to four weeks.
The band should be cemented with a glass ionomer
or carboxylate cement and fit tightly, sometimes
requiring adjustment so as not to interfere with
occlusion. 1629 If the patient is able to chew
normally with the band in place, the crack should
be removed and a restoration can be placed. If pain
or sensitivity to temperature has not ceased, then
endodontic therapy has to be considered, because the
crack may extend close to the pulp or may even
involve it.'163® If endodontics is indicated, the
orthodontic band should be used to reinforce the
tooth during endodontic treatment.’ It is not cost-
effective to subject the patient to a restoration
without knowing whether the pulpal condition is
reversible; however, it is much more logical to apply
a provisional restoration and/or a stainless steel
band, because it eliminates this source of error if the
pulp is involved.®

In an attempt to confirm whether the visible crack
was in dentin and possibly responsible for symptoms,

cone beam computed tomography was performed.
Although a cone beam exam may not detect a small
defect, such as an incomplete fracture, an in vitro
study concluded that this approach was more
successful than digital radiography in detecting
cracks smaller than 0.2 mm in thickness.®® This
technique involves a single 360° beam scan in which
the x-ray source and a reciprocating detector
synchronously move around the patient’s head. This
produces submillimetric resolution, ranging from 0.4
mm to as low as 0.125 mm,*® and is a noninvasive
tool for assessing the length of the fracture.*! Some
limitations of this computed tomography are related
to artifacts that may appear as dark zones or streaks
around metallic materials, implants, and, to a lesser
extent, endodontic filling materials, which present
similarly to root fractures and thus lead to false
positive readings.*>*3? Clinicians should use cone
beam computed tomography only when the need for
imaging cannot be answered adequately by other,
simpler tools, because this modality has a higher
radiation dose than conventional dental radiogra-
phy, especially in the case of children or young
adults.** Although the use of cone bean imaging is a
relatively new technique for detecting cracks causing
symptoms of CTS, a recent clinical case*! reported a
very similar condition in an unrestored upper
premolar, which appeared as a faint craze line on
the distal marginal ridge and extending mesiodis-
tally, involving the lingual pulp horn of tooth 24.

Several therapies have been proposed to treat
painful cracked teeth; however, the specific therapy
depends on the severity of symptoms and location of
the crack.”*%*6 Many authors have suggested an
occlusal reduction to provide relief from occlusal
stresses in centric and lateral relationships.!®1947
However, the reduction or elimination of occlusal
contacts is temporary and is not sufficient because 1)
the tooth could be loaded by a food bolus while
chewing and occlusal reduction does not eliminate
the risk of fracture,>'®2° and 2) this procedure also
involves the removal of healthy, sound tooth tissue.'?
If the affected cusps fracture off spontaneously
during removal of the filling, treatment is straight-
forward and consists of replacing the lost tooth
substance and overlaying the remaining cusps.'®

Before restorative procedures, careful tracing of
the crack to decide the next line of approach has been
advocated.?® It is possible that the crack disappears
into the dentin; however, if the crack continues in a
pulpal direction, it is likely that the root is
involved.’ A clinical study has recommended an
interim restoration using traditional glass ionomer
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cements after the removal of restorations and/or
cracks from the affected tooth to sedate the pulp and
help with the healing response.?” After this proce-
dure, the patient should be asked to record whether
the pain disappeared and to be alert for possible
postoperative sensitivity. In case of continuous pain
or persisting thermal sensitivity, an endodontist
should evaluate the tooth for endodontic treat-
ment.'1 According to Abbott, three months is the
time indicated to assess the pulpal status of
reversible pulpitis caused by CTS.%?

In early clinical studies, the treatment of CTS was
the placement of a complete crown restora-
tion. 1216:17.19.20.35.48  Copyersely, it seems that full
crowns are less effective in preserving the pulpal
vitality. In a one-year clinical investigation, 84.4% of
cracked teeth were treated with crowns; half of those
teeth needed root canal treatment, considering that
around 60% of the cases were initially intact teeth.'” In
another short-term clinical evaluation of cracked teeth,
approximately 20% needed endodontic treatment after
crown placement within six months of service.*® Even
when the root canal treatment is performed in advance
of crown placement, this association has a survival
rate of only 85.5% based on a two-year clinical
evaluation of root-filled, cracked teeth.”® Opdam and
others*® noted that painful cracked teeth often
presented a long period of persisting pain, but
gradually reduced postoperative sensitivity, and that
maintaining the vitality of the dental pulp might
improve the long-term prognosis of the tooth.

A more invasive treatment includes a higher loss
of tooth structure and may result in extraction.*6*!
Some reasons for extraction may be pulpitis, restor-
ative failures, and endodontic needs in CTS. First,
this is related to the crack itself, because it can be
deep enough to invade the pulp chamber, and later
this can be confirmed during endodontic opening,
because the fracture line is detectable from inside
the pulp chamber.2%:3%4¢ Second, a scanning electron
microscopy investigation®® determined that all
symptomatic cracks appear to be extensively con-
taminated by bacteria and may be the cause of
pulpitis after the treatment of cracked teeth. Third,
an additional factor that may contribute to pulpitis is
the direct diffusion into the pulp of dentin adhesive
components used to restore cracked teeth.?® Finally,
the indication of a more invasive restorative treat-
ment, such as a full crown, might be accompanied by
a higher loss of teeth in the long term as a result of
extraction.*®

As in this current clinical case, a direct-bonded
composite resin restoration can be a successful

Operative Dentistry

treatment for a painful cracked tooth.2%46°! Tt is
possible that this procedure has the potential to bond
the affected cusps,?® creating less sensitivity during
mastication due to cusp reinforcement.?® Behle,®!
relying on modern bonding restorative materials,
stimulated thought on minimally invasive dentistry
because clinical experience indicates that even
symptomatic cracked teeth can be restored without
full coverage by injecting a flowable composite into
the crack area, which is especially true for low-force
areas, such as with premolars. Simonsen®® noted
that crowns can be considered overtreatment in
some situations when a restorative decision is based
on expedience or economic advantage. Moreover,
indirect restorations can result in more loss of sound
tooth tissue and may increase the risk for pulpal
complications due to the need for temporary resto-
rations.?? Cuspal coverage with direct composite
resin had no failures after a seven-year clinical
investigation®® of painful cracked teeth, whereas the
mean annual failure rate for no-cuspal coverage
direct composite restorations was only 6%. It is
possible that the direct composite resin has some
level of “shock-absorbing effect”®® by increasing
cuspal stiffness and by redistributing occlusal loads
away from the crack and toward the axial walls and
down the long axis of the tooth.'?

Nevertheless, for slightly larger defects, the aim of
minimizing flexure of the compromised cusp also can
be achieved with success using conservative, bonded
partial-coverage ceramics® or composite onlays.>°
These are great choices for true esthetic demands.

CONCLUSIONS

The prevention and early recognition of cracked
tooth syndrome is essential for avoiding more
injuries and preventing the progression of cracks
into the pulp or root. Simple tools, such as transil-
lumination, bite tests, macro photographs, and
isolation with a rubber dam, are useful for locating
incomplete fractures. Bonding options, such as with
direct composite restorations, should be considered
for restoring cracked teeth because they are quick,
low-cost, conservative, and readily available restor-
ative techniques, and they have proven to bond to
compromised cusps.

Conflict of Interest

The authors of this manuscript certify that they have no
proprietary, financial, or other personal interest of any nature
or kind in any product, service, and/or company that is
presented in this article.

(Accepted 3 October 2013)

$S900E 98] BIA |0-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



Batalha-Silva & Others: Cracked Tooth Syndrome in an Intact Premolar 467

REFERENCES

1.

Braly BV, & Maxwell EH (1981) Potential for tooth
fracture in restorative dentistry Journal of Prosthetic
Dentistry 45(4) 411-414.

. Cameron CE (1964) Cracked-tooth syndrome Journal of

the American Dental Association 68 405-411.

. Gibbs JW (1954) Cuspal fracture odontalgia Dental Digest

60 158.

. Thoma KH (1958) Oral Surgery CV Mosby Co, St Louis.

5. Sutton PRN (1962) Greenstick fracture of the tooth crown

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

British Dental Journal 112 362-363.

. Rosen H (1982) Cracked tooth syndrome Journal of

Prosthetic Dentistry 47(1) 36-43.

. Turp JC, & Gobetti JP (1996) The cracked tooth

syndrome: An elusive diagnosis Journal of the American
Dental Association 127(10) 1502-1507.

. Homewood CI (1998) Cracked tooth syndrome: Incidence,

clinical findings, and treatment Australian Dental Jour-
nal 43(4) 217-222.

. Seo DG, Yi YA, Shin SJ, & Park JW (2012) Analysis of

factors associated with cracked teeth. Journal of End-
odontics 38(3) 288-292.

Swepston JH, & Miller AW (1986) The incompletely
fractured tooth Journal of Prosthetic Dentistry 55(4)
413-416.

Brynjulfsen A, Fristad I, Grevstad T, & Hals-Kvinnsland
I (2002) Incompletely fractured teeth associated with
diffuse longstanding orofacial pain: Diagnosis and treat-
ment outcome International Endodontic Journal 35(5)
461-466.

Banerji S, Mehta SB, & Millar BJ (2010) Cracked tooth
syndrome. Part 2: Restorative options for the manage-
ment of cracked tooth syndrome British Dental Journal
208(11) 503-514.

Bréannstrom M (1986) The hydrodynamic theory of
dentinal pain: Sensation in preparations, caries and the
dentinal crack syndrome Journal of Endodontics 12(10)
453-457.

Cameron CE (1976) The cracked tooth syndrome: Addi-
tional findings Journal of the American Dental Associa-
tion 93(5) 971-975.

Ratcliff S, Becker IM, & Quinn L (2001) Type and
incidence of cracks in posterior teeth Journal of Prosthet-
ic Dentistry 86(2) 168-172.

Ehrmann EH, & Tyas MJ (1990) Cracked tooth syn-
drome: Diagnosis, treatment, and correlation between
symptoms and post-extraction findings Australian Dental
Journal 35(2) 105-112.

Roh BD, & Lee YE (2006) Analysis of 154 cases of teeth
with cracks Dental Traumatology 22(3) 118-223.

Hiatt WH (1973) Incomplete crown-root fracture in
pulpal-periodontal disease Journal of Periodontology
44(6) 369-379.

Abou-Rass M (1983) Crack lines: The precursors of tooth
fractures—their diagnosis and treatment Quintessence
International 14(4) 437-447.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Geurtsen W (1992) The cracked-tooth syndrome: Clinical
features and case reports International Journal of
Periodontics & Restorative Dentistry 12(5) 395-405.

Geurtsen W, Schwarze T, & Giinay H (2003) Diagnosis,
therapy, and prevention of the cracked tooth syndrome
Quintessence International 34(6) 409-417.

Udoye CI, & Jafarzadeh H (2009) Cracked tooth syn-
drome: Characteristics and distribution among adults in a
Nigerian teaching hospital Journal of Endodontics 35(3)
334-336.

Arola D, Galles LA, & Sarubin MF (2001) A comparison of
the mechanical behavior of posterior teeth with amalgam
and composite MOD restorations Journal of Dentistry
29(1) 63-73.

Chong BS (1989) Bilateral cracked teeth: A case report
International Endodontic Journal 22(4) 193-196.

Ito K, Nanba K, Akashi T, & Murai S (1998) Incomplete
fractures in intact bilateral maxillary first molars: A case
report Quintessence International 29(4) 243-248.

Ellis SGS, Macfarlane TV, & McCord JF (1999) Influence
of patient age on the nature of tooth fracture Journal of
Prosthetic Dentistry 82(2) 226-230.

Abbott P, & Leow N (2009) Predictable management of
cracked teeth with reversible pulpitis Australian Dental
Journal 54(4) 306-315.

Davis R, & Overton JD (2000) Efficacy of bonded and
nonbonded amalgam in the treatment of teeth with
incomplete fractures Journal of the American Dental
Association 131(4) 469-478.

Opdam NJ, & Roeters JM (2003) The effectiveness of
bonded composite restorations in the treatment of
painful, cracked teeth: Six-month clinical evaluation
Operative Dentistry 28(4) 327-333.

Signore A, Benedicenti S, Covani U, & Ravera G (2007) A
4- to 6-year retrospective clinical study of cracked teeth
restored with bonded indirect resin composite onlays
International Journal of Prosthodontics 20(6) 609-616.

Cavel WT, Kelsey WP, & Blankenau RdJ (1985) An in vivo
study of cuspal fracture Journal of Prosthetic Dentistry
53(1) 38-42.

Zuckerman GR (1998) The cracked tooth New York State
Dental Journal 64(6) 30-35.

Ailor JE Jr (2000) Managing incomplete tooth fractures
Journal of the American Dental Association 131(8)
1168-1174.

Wright HM, Loushine RJ, Weller N, Kimbrough WF,
Waller J, & Pashley DH (2004) Identification of resected
root-end dentinal cracks: A comparative study of trans-
illumination and dyes Journal of Endodontics 30(10)
712-715.

Liu HH, & Sidhu SK (1995) Cracked teeth—treatment
rationale and case management: Case reports Quintes-
sence International 26(7) 485-492.

Clark DJ, Sheets CG, & Paquette JM (2003) Definitive
diagnosis of early enamel and dentin cracks based on
microscopic evaluation Journal of Esthetic and Restor-
ative Dentistry 15(7) 391-401.

$S900E 98] BIA |0-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



468

37.

38.

39.

40.

41.

42.

43.

44.

Boushell LW (2009) Cracked tooth Journal of Esthetic
and Restorative Dentistry 21(1) 68-69.

Ehrmann EH (1968) The use of stainless steel bands in
posterior endodontics Australian Dental Journal 13(6)
418-421.

Ozer SY (2010) Detection of vertical root fractures of
different thicknesses in endodontically enlarged teeth by
cone beam computed tomography versus digital radiog-
raphy Journal of Endodontics 36(7) 1245-1249.

Scarfe WC, Farman AG, & Sukovic P (2006) Clinical
applications of cone-beam computed tomography in
dental practice Journal of the Canadian Dental Associa-
tion 72(1) 75-80.

Chakravarthy PVK, Telang LA, Nerali J, & Telang A.
Cracked tooth: A report of two cases and role of cone beam
computed tomography in diagnosis [published online
November 6, 2012] Case Reports in Dentistry doi:10.
1155/2012/525364.

Kamburoglu K, Murat S, Yiiksel SP, Cebeci ARI, &
Horasan S (2010) Detection of vertical root fracture using
cone-beam computerized tomography: An in vitro assess-
ment Oral Surgery Oral Medicine Oral Pathology Oral
Radiology, and Endodontics 109(2) e74-e81.

Durack C, & Patel S (2012) Cone beam computed
tomography in endodontics Brazilian Dental Journal
23(3) 179-191.

American Association of Endodontics & American Acad-
emy of Oral and Maxillofacial Radiology (2011) Use of
cone-beam computed tomography in endodontics Joint
Position Statement of the American Association of
Endodontists and the American Academy of Oral and
Maxillofacial Radiology Oral Surgery Oral Medicine Oral
Pathology Oral Radiology, and Endodontics 111(2)
234-237.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Operative Dentistry

Lynch CD, & McConnell RJ (2002) The cracked tooth
syndrome Journal of the Canadian Dental Association
68(8) 470-475.

Opdam NJ, Rrynoeters JJ, Loomans BA, & Bronkhorst
EM (2008) Seven-year clinical evaluation of painful
cracked teeth restored with a direct composite restoration
Journal of Endodontics 34(7) 808-811.

Agar JR, & Weller RN (1988) Occlusal adjustment for
initial treatment and prevention of the cracked tooth
syndrome Journal of Prosthetic Dentistry 60(2) 145-147.

Christensen GJ (2007) When is a full-crown restoration
indicated? Journal of the American Dental Association
138(1) 101-103.

Krell KV, & Rivera EM (2007) A six-year evaluation of
cracked teeth diagnosed with reversible pulpitis: Treat-
ment and prognosis Journal of Endodontics 33(12)
1405-1407.

Tan L, Chen NN, Poon CY, & Wong HB (2006) Survival of
root-filled cracked teeth in a tertiary institution Interna-
tional Endodontic Journal 39(11) 886-889.

Behle CA (1997) Conservative direct and indirect resin
posterior restorative alternatives for cracked dentition
Practical Periodontics and Aesthetic Dentistry 9(4)
405-413.

Kahler B, Moule A, & Stenzel D (2000) Bacterial
contamination of cracks in symptomatic vital teeth
Australian Endodontic Journal 26(3) 115-118.

Simonsen RdJ (1995) Why crowns? Quintessence Interna-
tional 26(1) 1.

Liebenberg WH (1996) Use of resin-bonded partial
coverage ceramic restorations to treat incomplete frac-
tures in posterior teeth: A clinical report Quintessence
International 27(11) 739-747.

$S900E 98] BIA |0-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



