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Abstract

Vertical root fractures are mostly caused following endodontic therapy, and the chances
are increased many fold if the final restoration includes placement of a post. The
condition is difficult to diagnose and equally difficult to treat. Earlier treatment options
included extraction of single rooted teeth, but with the advent of adhesive dentistry.
There is a paradigm shift towards preservation of these teeth. This review addresses the

etiology, diagnosis and management of vertical root fractures.
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Introduction

Vertical root fracture represents a partial or complete fracture
line that extends through the long axis of the tooth.l] Vertical
root fractures are most commonly seen in root filled teeth.l! The
prevalence of vertical root fractures, in endodontically treated
teeth, is 11-20%.5%) Most of the causes for vertical root fracture
are fatrogenic. Vertical root fractures can initiate from the coronal
tooth structure or the apex of the tooth. For anterior and molar
teeth, the fractures are generally in the bucco - lingual direction.*]

Predisposing Factors'®!

« Excessive biomechanical preparation

« Overzealous widening for post-placement

« Exposure to occlusal forces beyond normal level

« Increased stress that exceeds the distributing capacity of the
periodontal ligament (PDL) due to periodontitis or in cases
of resorption

« Moisture loss in pulpless teeth

« Previous cracks in dentin due to pressure during obturation

« Loss of tooth structure due to caries or restoration.
Average time between root filling and appearance of a vertical

root fracture is between 39 months and 52.5 months; with a

range of 3 days to 14 years.!*]
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Teeth with vertical root fractures pose difficulties in diagnosis
and treatment, and usually have a poor prognosis. Vertical root
fractures are responsible for 32.1% of the reason for extraction
of endodontically treated teeth, as found in a 5-year follow-up
study.

Classification'®

« Based on the separation of a fractured root
« Non-separated
o Separated.
« Based on adjacent alveolar bone loss
« Root fracture not involving bone resorption
« Root fracture involving bone resorption.

Diagnosis

The diagnosis of vertical root fractures is difficult as there is no
pathognomonic sign for the diagnosis. Final diagnosis is based on
a panel of several signs and symptoms."”) Conventional methods
for diagnosis of vertical root fracture include - illumination,
radiographs, periodontal probing, staining, surgical exploration,
the bite test, direct visual examination and observation under the
dental operating microscope.®
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Clinical Presentation

The clinical presentation of vertical root fracture is variable. The
clinical picture depends on the position of the fracture, tooth
type, time elapsed after fracture, the periodontal condition,
and architecture of bone adjacent to the fracture.”! The most
common clinical findings are deep osseous defects and presence
of a sinus tract closer to the gingival margin.”)

Patient usually presents with a history of variable discomfort
or soreness, mild to moderate pain especially on biting. Vertical
root fracture must be suspected if a root filled tooth presents with
pain on biting and is also accompanied by a bad taste.*! It should
also be suspected if a tooth with an apparently well condensed
root filling is failing.

Swelling of soft tissue is present which is broad-based and
mid - root in position. On palpation, swelling and tenderness are
felt over the root itself and not the periapical area.*

Development of deep, narrow isolated pocket in a tooth
with no other periodontal attachment loss is pathognomonic of
vertical fracture. Pocket is present adjacent to the fracture line
and in cases where there is a complete fracture, there can be
bilateral pockets.*

Double or multiple sinus tracts are seen opening closer to
the gingival margin. Where multiple sinus tracts are present, one
or more of these tracts may be located some distance from the
involved tooth and tracing sinus with gutta percha will help to
isolate affected tooth.¥

Vertical root fractures can lead to dislodgement of posts or
post crowns. Endodontic failure in teeth, which had previous
healing may also point to the presence ofa vertical root fracture.*!

During lateral condensation or cementation of a post,
sometimes patients can feel a cracking or a popping sound,
which is due to a fracture. There can also be bleeding during
condensation of a root canal filling material and an apparent lack
of resistance within the canal during condensation.™¥

Diagnostic signs reflect the location and extend of the
fractures:"’

« May involve full length of the root

« May involve a section-apical or coronal
o May extend into the crown and root

« May involve both sides of the root.

Radiographic Diagnosis

Conventional radiographs can have projection artefacts such as
magnification distortion and super-imposition.”’ Vertical root
fractures can be overlooked if the X-ray beam does not pass
along the fracture line and 2 or more radiographs with a 4-15°
variation in horizontal angulation are recommended.”’ Rud and
Omnell have proved that a vertical root fracture line is evident
radiographically only when the X-ray beam and the fracture line
was within 4° of the fracture plane.[”’

Cone beam computed tomography (CBCT) when used to
obtain images of 0.3 and 0.2 voxels has proven to have similar
accuracy as that of conventional radiograph taken in 3 different
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angulations. The disadvantages of CBCT include the high
radiation dose which increases as the voxel size decreases and
streaking artefacts due to the presence of gutta percha points, or
metallic posts can reduce the accuracy of the image.”

Radiographic signs**!

« Separation of root fragments - once the fracture occurs;
proliferation of granulation tissue often results in rapid
movement of the fragment away from the remaining root.

« Fracture line along the root or root fillings - vertical radio-
lucent line running across the root or root filling.

« Space beside a root filling - well condensed root filling that is
in close contact with only one surface of the root

« Space beside a post

« Double images- radio- opaque images due to overlapping of
fragments

« Radio-opaque signs this is caused by the extension of filling
material or cement into the space between the fractured
segments

o Patterns of bone loss- localized bone loss in otherwise well
maintained attachment apparatus is suggestive of a fracture.
This is due to the ingress of bacteria along the fracture line

«  Widening of PDL space due to the generalized widening of
the PDL space, the tooth appears to be more “in focus”

« Radio-lucent halos- at the apical region giving rise to a
J-shaped radiolucency

o Step- like bone defects are seen in cases of oblique fractures
or if the fracture line does not extend till the apex

o Isolated horizontal bone loss in posterior teeth

« Unexplained bifurcation bone loss this is seen mostly in
mandibular molars along with halo-like radiolucencies!’

« V- shaped diffuse bone loss on roots of posterior teeth

« Resorption along fracture line

« Dislodgement of retrograde filling material.

Optical coherence tomography is a high resolution imaging
technique which allows 1 pm scale imaging of biological tissues
over small distances. It was introduced in 1991. It uses infra-red
waves that reflect off the internal micro-structure. It gives a depth
resolution of 10 pm.[*!

Diagnodent that works on the principle of reflection of the
laser from tissues also can be used in the detection of vertical
root fractures. This is found to be particularly more effective in
conjunction with dyes than using either of these methods alone.

Some cases can be diagnosed only by surgical exposure and
exploration.

Management

Vertical root fracture is difficult to diagnose and more
importantly, difficult to treat resulting in poor prognosis of the
tooth.s]

When a diagnosis of vertical root fracture is made, a
quick decision to extract the tooth or root is necessary since,
inflammation in the supporting tissues can lead to periodontal
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break down, followed by development of a deep osseous defect
and resorption of the bone.™¥

The treatment of vertical root fracture is important also for
the reason that presence of bacteria in the root canal and damage
to the cementum on the external root surface can result in
external inflammatory root resorption.['"’

In the case of fracture of a single root in multi-rooted teeth,
resection of the root is advised so as to preserve the surrounding
structures.!

Replantation of root filled teeth with vertical root fracture
reconstructed with resin bonding has emerged as a new
promising method in recent years.l) The long-term prognosis of
resin bonded and replanted teeth were determined by Hayashi
et al. in 2004 in a 18 month follow-up study, which gave good
results.[!!]

The prognosis of replantation therapy depends on: !
o Atraumatic extraction of the fragments
o Extra-oral time of <15 min as given by Pohl et al.

« Disinfection using short- term calcium hydroxide dressing

o Systemic tetracycline helps in
disinfection as well as in a reduction of collagenase activity
and motility of osteoclasts.

Improvement in the periodontal pockets and the recovery
of alveolar bone is observed by intentional replantation with
rotation and extrusion in order to avoid contact with the area

4,10]

administration. This

where the PDL of the root surface was lost and the area where

the alveolar bone was lost along the fracture line." By rotating

the tooth before replantation, a barrier is created to epithelial
down growth by the presence of healthy attachment on one side
of the socket.!"

The materials used for reattachment of these fragments
should have high bond strength and short polymerization time
since the tooth continues to endure moisture and occlusal
forces.l¥)

Materials used for reattachment of fragments include:

+ Glass ionomer cement (GIC): Trope and Rosenberg used
this material to bond a mesio- distally fractured maxillary
second molar and reported successful functioning of the
tooth. Stewart ef al also reported some success with GIC.!"3!

« Cyanoacrylate: cyanoacrylate has been used in an attempt
to bond the fragments of anterior teeth. While the treated
teeth were comfortable at a 16 month follow-up, the long-
term prognosis was considered poor due to deep pocketing
and resorption. An in vitro study assessing the resistance
to fracture of root segments bonded with GIC, composite
resin, and cyanoacrylate concluded that the bond strengths
of composite resin and cyanoacrylate were superior to
GIC.l'

+ 4-methacryloxy etheyl trimellitate anhydride (META)/
methyl methacrylate (MMA) tri- n- butyl borane (TBB):
4-META/MMA TBB. The advantages associated with
the use of 4-META/MMA TBB is low toxicity and
biocompatibility for PDL cells. The cement interferes
only slightly with cell attachment and proliferation. There
is decreased level of inflammatory and replacement
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resorption.'?) Documentation of many successfully treated

vertical root fracture with 4 META/MMA TBB have been

done by various authors.[5121516]

« Dual cure resin cements (e.g., Variolink II): These cements
have high bond strength, good marginal integrity, acceptable
biocompatibility and short polymerization time.[*!

Mineral trioxide aggregate (MTA): MTA is a calcium-
silicate based root repair material and has many applications
in endodontics. Taschieri et al. in 2010 used MTA to repair
incomplete vertical root fractures. A vertical groove was placed
next to the fracture line and restored with MTA after ultrasonic
cleaning. A resorbable membrane was placed next to the MTA to
inhibit epithelial down growth. All 10 cases showed good results
on 1 year follow up.!'”

References

1. Tamse A, Fuss Z, Lustig ], Kaplavi J. An evaluation of
endodontically treated vertically fractured teeth. J Endod
1999;25:506-8.

2. Fuss Z, Lustig J, Katz A, Tamse A. An evaluation of
endodontically treated vertical root fractured teeth: impact of
operative procedures. ] Endod 2001;27:46-8.

3. Tsesis I, Rosen E, Tamse A, Taschieri S, Kfir A. Diagnosis of
vertical root fractures in endodontically treated teeth based on
clinical and radiographic indices: a systematic review. ] Endod
2010;36:1455-8.

4. Moule AJ, Kahler B. Diagnosis and management of teeth with
vertical root fractures. Aust Dent ] 1999;44:75-87.

5. Arikan E Franko M, Giirkan A. Replantation of a vertically
fractured maxillary central incisor after repair with adhesive
resin. Int Endod J 2008;41:173-9.

6. Roulet JE, Degrange M, editors. Adhesion: The Silent Revolution
in Dentistry. 1% ed. Berlin, Germany: Quintessence Publishing
Co, Inc.; 1999.

7. da Silveira PE Vizzotto MB, Liedke GS, da Silveira HL,
Montagner F, da Silveira HE. Detection of vertical root fractures
by conventional radiographic examination and cone beam
computed tomography - an in vitro analysis. Dent Traumatol
2013;29:41-6.

8. Kimura Y, Tanabe M, Amano Y, Kinoshita J, Yamada Y, Masuda
Y. Basic study of the use of laser on detection of vertical root
fracture. ] Dent 2009;37:909-12.

9. Pitts DL, Natkin E. Diagnosis and treatment of vertical root
fractures. ] Endod 1983;9:338-46.

10. Chung MP, Wang SS, Chen CP, Shieh YS. Management of
crown-root fracture tooth by intra-alveolar transplantation with
180-degree rotation and suture fixation. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2010;109:e126-30.

11. Hayashi M, Shimizu A, Ebisu S. MTA for obturation of
mandibular central incisors with open apices: case report. J
Endod 2004;30:120-2.

12. Kudou Y, Kubota M. Replantation with intentional rotation of a
complete vertically fractured root using adhesive resin cement.
Dent Traumatol 2003;19:115-7.

13. Trope M, Rosenberg ES. Multidisciplinary approach to the
repair of vertically fractured teeth. ] Endod 1992;18:460-3.

14. Firedman S, Moshonov ], Trope M. Resistance to vertical



Vertical root fractures Remya, et al.

fracture of roots, previously fractured and bonded with glass in endodontically treated teeth — In vivo trials. ] Endod

ionomer cement, composite resin and cyanoacrylate cement. 1996;22:426-9.

Endod Dent Traumatol 1993;9:101-5. 17. Taschieri S, Tamse A, Del Fabbro M, Rosano G, Tsesis I. A new
15. Unver S, Onay EO, Ungor M. Intentional re-plantation of a surgical technique for preservation of endodontically treated

vertically fractured tooth repaired with an adhesive resin. Int teeth with coronally located vertical root fractures: a prospective

Endod ] 2011;44:1069-78. case series. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
16. Selden HS. Repair of incomplete vertical root fractures 2010;110:e45-52.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


