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Abstract

The diagnosis of vertical root fracture (VRF) is at times complicated for lack of specific signs,
symptoms and/or radiographic features. It constitutes an important threat to the tooth’s
prognosis during and after root canal therapy and may result in root or tooth extraction. Early
detection and management of VRF remain a vexing issue that has caused needless stress for
both the dentist and the patient.
This paper presents an overview of the prevalence and multifactorial aetiology of VRF, the
clinical and radiographic features of this disorder, the importance of correct diagnosis and
treatment options available for both anterior and posterior teeth. An exhaustive review of
literature was done using Medline to bring out various etiologic factors, clinical presentations,
radiographic features and treatment alternatives available for VRF. There are, however, many
specific clinical and radiological signs which when present, can alert clinicians to the existence
of a fracture. Even though VRF are commoner in endodontically treated teeth, its occurrence in
non-restored teeth has been described. Clinical signs and symptoms vary according to the
position of the fracture, tooth type, duration after fracture, periodontal condition of the tooth
and architecture of the bone adjacent to the fracture. The radiographic appearance of teeth
with VRF is variable depending on the angulation of X-ray beam in relation to the plane of the
fracture, the time after fracture and the degree of separation of the root fragments.

It is important to recognize the sometimes subtle findings in VRF so that patient can be
properly informed about the prognosis and the potential for successful treatment in affected

10

tooth\teeth.

Introduction

A Vertical Root Fracture (VRF) is a most frustrating
complication of root canal therapy in an endodontically
treated tooth(1). It has been described as longitudinally
oriented fractures of the root, extending from the root
canal to the periosteum(2). Though it usually occurs in
endodontically treated tooth, occurrence in non-restored
teeth has been described®). These fractures can be
complete or incomplete but most are complete(4.5). When
complete, they extend a variable length along the root
generally in a buccolingual direction and may extend into
the crown (6.7.8)or can originate from the cervical portion of
theroot with extensioninan apical direction(9,10).

In molar teeth, the fracture is most commonly buccolingual
in individual roots while mesio-distal fractures are less
common. In anterior teeth however, the fracture is most
commonly in a buccolingualdirection(1). In a horizontal
aspect VRF expands laterally from the root canal wall to the
root surface where it may result in an incomplete fracture
involving only one side of the root. A complete fracture
expands in opposite directions of the root canal and
involves two root canal surfaces(12),

Etiology

VRFs in an endodontically treated tooth have a
multifactorial etiology that can be divided into
predisposing and iatrogenic factors.

Many factors that predispose to VRF cannot be altered or
controlled by the practitioner. These include masticatory
accidents(?), natural tight cusp-fossa relationships, steep
intercuspation or bruxism(6), loss of healthy tooth
substance as a result of caries or trauma which increases
the risk for cracks in the body of dentine that can later
propagate to fracture(13.14), the unique anatomy of
susceptible roots(15) i.e. the narrow mesio-distal dimension
compared with the buccolingual, makes these roots and
teeth susceptible to fracture especially at a later stage
when additional tooth structure is removed during root
canal and post preparations(16) Others are moisture loss in
pulpless teeth(17), previous cracks in the dentine (18), and
loss of alveolar bone support(19).

Root canal treatment procedures and the use of
intraradicular posts are the two main iatrogenic factors
associated with VRF. Enlargement of coronal third of the
root canal space is considered important to support root
canal length measurement, debris removal, and canal
obturation. Excessive use of rotary instruments during
preparation of canal space by cutting dentine to straight
lines weakens the root structure (20).In addition, excessive
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removal of tooth structure contribute to overall weakening
of the tooth. The use of excessive pressure for compaction
during lateral condensation of guttapercha can result in
VRF(21)

VRF can also be caused by restorative procedures carried
out after root canal therapy such as over preparation of the
canal for a post, resulting in excessive width and length of a
post space in relation to the tooth’s anatomy and
morphology, or excessive pressure during placement of
the post (22-24)

Clinical detection of fractures can be exceedingly difficult
in the initial stages of development beneath extensive
restorations or in teeth after prosthetic treatment. Clinical
signs and symptoms are often elusive in nature and may be
difficult to detect or reproduce during patient
examination. The patient symptoms may mimic many
other possible diagnoses such as sinus problem, vague
headachesorearache.
The affected root or tooth has an unfavourable prognosis
and extraction is usually the only treatment option. This
review focuses on the clinical and radiographic diagnosis
of vertical root fracture in non restored/diseased teeth and
the treatment options available.

Pathogenesis

When VRF occurs, it usually extends to the periodontal
ligament so that soft tissue grows into the fracture space
and increases the separation of the root segments.
Communication with the oral cavity is through the gingival
sulcus and through this opening foreign materials, food
debris and bacteria obtain access to the fracture area. An
inflammatory process is induced in the adjacent
periodontal tissue as a result of entrance of these foreign
bodies into the fracture space. This then result in
periodontal ligament breakdown, alveolar bone loss and
granulation tissue formation(25). The osseous defect
usually propagates apically and interproximally in a very
quick manner. The breakdown is especially rapid in teeth
and roots in which the buccal plate is thin, i.e. in the
maxillary premolars and mesial roots of the mandibular
molars, the most susceptible teeth, and roots to
fracture(26.27),

Clinical Presentation (Signs and Symptoms)

The clinical presentation of VRF is extremely variable.
Clinical signs and symptoms vary according to the position
of the fracture, tooth type, duration after fracture,
periodontal condition of the tooth and architecture of the
bone adjacentto the fracture.

Teeth involved usually present with a long history of
variable discomfort or soreness which is associated with
local chronic infection. Pain may be mild or moderate and
rarely severe. There may also be associated pain on biting
whichis also accompanied by a bad taste.

In an endodontically treated tooth, when the tooth does
not settle after root filling is completed, this may be an
indication of VRF.

Sometimes, a sharp cracking sound can be heard by
patient during condensation of gutta percha or
cementation of a post(28),

Presence of bleeding during condensation of a root filled
material and apparent lack of resistance within the canal
during condensation, leading to an almost unlimited
ability to condense gutta percha into the canal are signs of
aVRF(22),
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Swelling may be noted and this is usually broad based,
mid-root in position. Palpation will often show swelling
and tenderness over the root itself but little swelling in the
periapical region. Sinus tract when present is usually
located close to the gingival margin. Presence of two sinus
tracts at both buccal and lingual aspects is almost
pathognomonic of a VRF(1). Tamse et al(26) observed that in
35% of the cases reviewed with a sinus tract, 24% had a
deep osseous defect, mostly at the buccal tooth aspect.
Development of deep, narrow, isolated periodontal pocket
is a common feature of VRF. Pocketing is usually situated
adjacent to the fracture site. When the fracture extends
right through the root, probing pattern may be bilateral. In
a tooth with a periodontal disease, the pocket is fairly
consistent in depth around a large part of the tooth.
Probing area then will be limited to the side that faced the
fracture in the root which initially was narrow and difficult
to locate and probe. As the bone defect extended apically
and laterally, probing becomes easier. Pocket probing
depthsin VRF are inisolated areas whereas in a patient with
periodontal disease, more sites can be probed and more
than one tooth is usually involved. Deep probing in one
position around the circumference of the tooth in the
presence of normal attachment usually indicates that the
tooth is fractured. Deep probing in two positions on
opposite sides of the infection is pathognomic for the
presence of a fracture(29,30),

A common presenting feature of VRF is the dislodgement
of a post or post crown. A root fracture should be
suspected if an apparently well sitting post becomes loose
or dislodged. It is not uncommon therefore for teeth with
VRF to have been treated repeatedly by surgery because of
the problem with diagnosis before the presence of a
fracture is suspected. When surgery fails, for no obvious
reasons, a vertical fracture should be considered a
possibility before the periapical area is re-entered
surgically(31).

Radiographic Signs/Features

The radiographic appearance of teeth with vertical root
fracture is variable depending on the angulation of X-ray
beam in relation to the plane of the fracture, the time after
fracture and the degree of separation of the root fragments
usually accompanied by large bone loss surrounding the
tooth orroot.

The amount of bone loss is dependent on the extent of
destruction, the plane of fracture and the architecture of
the bone adjacent to the fracture. Appearance of bone
destruction seen when the fracture plane is buccolingual
will be different from that seen when the plane of the
fracture is mesiodistal(29). Bone destruction associated
with anterior teeth will be easier to see than that associated
with lower molars because of the thick buccal plate of
bone. Pitts and Natkin(2)described a halo like
radioluscency which runs around the whole length of the
root surface when the plane of the fracture is at right angles
to the X-ray beam. The halo radioluscency is a classic sign
of a vertical root fracture. When the fracture runs obliquely
across the root or where the fracture does not extend into
the apical portion, a characteristic step-like bone defect
develops(2).The appearance of a step-like bone defecton a
particular tooth is subject to the angulation of the x-ray
beam. Step-like bone defects can mimic simple
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endodontic lesions resulting from other causes, like post
perforations and vertical grooves. Step-like bone defects
areonly asign that a fracture may be present.

When an isolated tooth shows bilateral horizontal bone
loss, the presence of a mesio-distal root fracture should be
expected more so in the presence of successful
endodontic therapy and when periodontal condition is
stable.

Presence of unexplained bifurcation bone loss without any
obvious sign of apical pathoses. A diffuse V-shaped
radioluscency which is widest at the crestal bone,
narrowing towards the apex when confined to a single root
or a single tooth in the mouth in posterior teeth is almost
pathognomic. Dislodgement of aretrogade root filling is a
likely cause of a vertical root fracture and this can be
expelled through soft tissues(32).Wide enlargement of the
periondontal ligament around the length of the root is an
indication thatthe toothis vertically fractured.

Diagnosis

The clinical and radiographic features suggestive of VRF in
susceptible teeth have been discussed earlier. To
ascertaina a diagnosis of VRF, the clinician should undergo
the following steps:

i. Identify susceptible teeth androots for features.

ii. Take acomplete history of susceptible tooth.

iii. Clinically examine for pain on mastication and
prolong discomfort.

iv. Use periodontal probe to detect an osseous defect,
especially at the buccal aspect of the suspected
root.

v. Take at least two periapical radiographs in different
angulations to detect either a fracture line or
typical periradicular radioluscency.

Elevate an exploratory flap that usually helps to
visualize the pattern of bone loss and fractures.

VL

Other tests that can be conducted in arriving at a diagnosis
are;

i. Bite test: rubber wheels, cotton wool sticks, tooth
sloth, fracture detector can be used to replicate
masticatory motion so as to reproduce pain described
by patient.

ii. Transillumination test: as by a strong fibre optic light
shone through the tooth may help the clinician
visualize a crack.

iii. Stainning test: use of disclosing dye such as blue or
green vegetable dye helps the clinician visualize a
suspected crack.

Recently, alternative diagnostic imaging systems with
Computed Tomography were suggested(33.34) though
could visualize vertical root fracture, they use harmful
ionised radiation and sensitivity of detecting VRF is low.
Bahcall & Bars(35)suggested a fibreoptic endoscope to
image the canal internally but images of a VRF were never
obtained because the imaging probe used 0.7mm which
implies that canal would have to be enlarged up to size 70-
80 which is seldom performed in adult teeth. More so, a
dry canal is required for an endoscope to be used which
might be difficultin teeth with VRF.
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Optical Coherence Tomography (OCT) is a high resolution
technique that allows micrometer scale imaging of
biologic tissues over small distances(30). It was introduced
in 1991 37) and uses infrared light waves that reflect off the
internal microstructure within the biologic tissues. OCT
has been shown to be a valuable tool in assessing
intracanal anatomy, cleanliness of the canal after
preparation and even perforations. Shemesh & others
(37in their study to evaluate the ability of an OCT system to
diagnose VRF under different conditions
deduced/concluded that the OCT is a powerful tool for
evaluating VRF and has the potential to both identify VRF
and detectits specific location along the root

Treatment Alternatives

Once the presence of a VRF is confirmed, decision needs
to be made regarding the future treatment of the tooth.
Treatment of VRF is difficult and is dependent on the tooth
type as well as on the extent, duration and location of the
fracture. Majority of vertical fractures involve the gingival
sulcus and result in destruction of the periodontium to the
apical extent of fracture, due to ingress of bacteria and
other irritants resulting, in alveolar bone loss.

Multirooted teeth can often be successfully treated by
resecting the fractured root, either by root amputation or
hemisection(38). Studies of root resected teeth have
reported 5 year retention rates of 94%(39) and ten year
retention rates of 68%(40). However, the desire to retain
part of a vertically fractured tooth should be carefully
considered as against extraction and replacement with a
denture, bridge orimplant.

Prognosis for single rooted teeth is poor and extraction is
often the treatment of choice to prevent further bone loss.
However, many case reports are described in literature
with innovative attempts to treat and retain anterior teeth
with varying success. Cyanoacrylate has been used in an
attempt to bond the fragments of anterior teeth(4!). The
treated teeth were comfortable at a 16 months follow up,
long term prognosis was considered poor due to deep
pocketing and resorption.. Some have reported using
glass ionomer cements because glass ionomer cements
bond around the fracture line, preventing propagation of
the fracture(42). Also condensing glass ionomer cements
and amalgam intothe coronal half to two-thirds of the root
canal in teeth with incomplete vertical root fractures has
beenreported to be successful at eight month follow -ups
but long term follow-ups have not been recorded(43).
Gore-Tex membrane in association with glass ionomer
cement to bond fragments of tooth together can only be
regarded as experimental.

Regeneration of bone has been shown to occur after
surgical removal of the fractured segment from an anterior
tooth, but long term follow-up was shown to be
unfavourable due to deeppocketing and mobility (44).
Claims have also been made for the successful
conservative treatment of VRF which originate apically but
which does not involve the gingival sulcus. Root extrusion
or intentional replantation in an extruded and/or rotated
position are possible (45.46.47)_ [t has also been suggested
that if the fracture involves only the facial wall and does
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not involve the gingival sulcus, the fracture may be
eliminated with the preparation of a long amalgam
restoration(48). In a study by Takatsu et al(49) , orthodontic
elastics were used to join the buccal and palatal segments
of a vertically fractured maxillary second molar which
were then sealed with a photocured resin and a cast crown
was then placed on it. The tooth remained in function for
more than three and half years with a reduction in pocket
depth. The use of €02 and Nd-YAG laser to fuse fractured
roots was tested in an in vitro study, but proved
ineffective(50)

Conclusion

VRFs present a challenge to the clinician in that the
diagnosisis often difficult, and is based on some subjective
parameters. However, presence of pain, sharp cracking
sound, two sinus tracts at both buccal and lingual aspects,
deep narrow periodontal pocket should make clinician
suspect a vertical root fracture. Two periapical X-rays taken
at different angles with transillumination test are
necessary to confirm the diagnosis of a VRF which can be
treated either surgically or by extraction depending on the
tooth type involved, the severity, duration and location of
the condition.

Most of the case reports reviewed in anterior teeth were
only carried out on small number of teeth and long term
prognosis are usually uncertain. Treatment procedures
which successfully remove fractured segments in
posterior teeth either by hemisection or root amputation
can result in a long term successful result while those in
anterior teeth can best be regarded as experimental. It is
important to recognize the sometimes subtle findings to
properly inform the patients so that they have a better
understanding of their prognosis and the potential for
successful treatment.
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