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    Abstract  
  Vertical root fracture in an endodontically treated tooth originates from the root 
at any level and is considered a frustrating and vexing complication in endodon-
tic therapy. Many times, it is diffi cult to achieve an accurate diagnosis and to 
differentiate the fracture from other clinical entities. However, usually combina-
tion of cervicaly located sinus tract combined with a narrow deep periodontal 
defect present is highly suggestive of a vertical root fracture. When the diagnosis 
of a vertical root fracture is made, usually years after all endodontic and restor-
ative procedures have been completed, extraction of the tooth or root should be 
done in a timely manner to minimize the bone loss in the surrounding bone. This 
bone loss may compromise subsequent implant placement in the area. This chap-
ter will emphasize the importance of achieving an accurate and timely vertical 
root fracture diagnosis and will describe the more typical signs, symptoms, and 
radiographic features that are suggestive for vertical root fracture diagnosis in the 
susceptible teeth and roots.  

        Introduction 

 The vertical root fracture (VRF) is not uncommon [ 1 ]. This is a frustrating compli-
cation of endodontically treated teeth and is often diffi cult to identify [ 2 ]. The treat-
ment plan is straightforward, that is, extraction of a single-rooted tooth or at least 
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root removal in a molar. So the defi nitive and accurate diagnosis is important; the 
clinician does not wish to remove a nonfractured root. A further complication is that 
the VRF is frequently problematic to diagnose; these root fractures usually mimic 
other conditions. Signs and symptoms, for example, dull pain or pain on mastica-
tion, mobility, presence of a sinus tract, deep probing defects, a periodontal-type 
abscess, and periapical radiolucencies, are often similar to those found in failing 
root canal treatment or in periodontal disease [ 3 – 7 ]. A mistake in identifi cation 
would lead to other inappropriate management. An example would be periodontal 
treatment or root canal retreatment; the VRF has damaged the periodontium to the 
point that it is mistaken for another entity. Complications in diagnosis of teeth 
scheduled for endodontic surgery may occur because of other causes such as a peri-
odontal condition, VRF, and misdiagnosis of nonendodontic pathosis mimicking 
infl ammatory periapical lesions [ 8 ]. An error in diagnosis is devastating and may 
have serious consequences. Therefore the need for a cautious and rigorous approach 
to identifi cation of a suspected VRF. 

 How can the clinician make a defi nitive diagnosis and identifi cation of a VRF? 
Are there any absolute signs, symptoms, tests, radiographic characteristics, or com-
binations that are “classic” for VRF? It is commonly believed that certain fi ndings, 
for example, two narrow probing defects or two sinus tracts (one on the buccal and 
one on the lingual), indicate a VRF. If that is the fi nding, is this tooth to be extracted? 
The answer is  probably  yes, but this alone is not pathognomonic. In fact, with the 
evidence available, there are no noninvasive tests that are defi nitive for VRF. 

 A problem in recounting available information is always to locate and report on 
sound, evidence-based research. This is largely lacking on this topic. An article [ 9 ] 
systematically reviewed the subject of diagnosis of VRF in endodontically treated 
teeth. The conclusion was that there are not substantive evidence-based data con-
cerning the diagnostic accuracy as to the effectiveness of clinical and radiographic 
evaluation. However, it is diffi cult to design randomized trials with controls (high 
levels of evidence of 1 and 2) on this type of complication because treatment is 
required. To date, most published information is lower levels of evidence [ 3 – 5 ] 
represented by case reports, case series, or case report studies. 

 Therefore, much of what is included in this chapter is based on the information 
that is currently available. Careful application, in fact, will usually result in accurate 
identifi cation and diagnosis and ultimately the proper treatment.  

    Pathogenesis 

 This is reviewed in more detail in “Pathogenesis” (Chap.   6    ). The pathogenesis is an 
important consideration in designing a diagnostic approach because of the nature of 
the injury and the outcome. The histology of the VRF on extracted, fractured roots 
was examined by Walton et al. [ 10 ]. The fi ndings were that the irritants from the 
fracture line generate an infl ammatory lesion that results in irreversible linear dev-
astation to the soft tissues and bone of the periodontium. This mimics other entities 
such as a periodontal-like defect or failed root canal treatment. The fracture may be 
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complete apical to coronal/facial to lingual or incomplete. This further confuses the 
diagnosis [ 1 ]. Thus, the objective is differential diagnosis.  

    Diagnosis 

 A diagnostic process is based on the combination of the patient’s subjective com-
plaints and objective clinical and radiographic evaluation. In the case of VRF diag-
nosis, there is no known single pathognomonic sign, symptom, or radiographic 
feature to make the diagnosis defi nitive [ 11 ]. 

 Importantly, most means of examination at the clinician’s disposal must be 
employed when trying to achieve accurate and timely diagnosis of VRF. Omission 
of a step may result in an error. The sequence is the following: (1) Subjective evalu-
ation, (2) Objective tests, (3) Radiographic fi ndings, (4) History of the tooth, (5) 
Flap refl ection when indicated. Usually, there are no specifi c combinations of non-
invasive, classic tests or signs and symptoms that would predictable identify a 
VRF. There are fi ndings—clinical and radiographic ones [ 12 ]—that strongly sug-
gested a VRF, but usually fl ap refl ection is necessary. The factors that point in the 
direction of fracture are reviewed below. 

    Subjective Evaluation 

 Interestingly (and importantly), symptoms tend to be minimal, that is, none to mild 
pain [ 7 ,  12 ]. Seldom are the pain levels moderate or severe. So the VRF does not 
elicit symptoms that bring the patient to the dentist. Often, the patient detects some 
mobility, but usually the tooth is stable. Symptoms from the periapical region, that 
is, pain on mastication, is common but mild. Many of these vertical root fractures 
may resemble periodontal lesions; the patient may report some localized swelling or 
a bad taste from drainage of a periodontal-type abscess. They may also report a 
“gum boil” (draining sinus tract) [ 1 ,  3 ,  4 ].  

    Objective Pulpal and Periapical Tests 

    Pulpal: Because the tooth has had root canal treatment, these are not useful.  
  Periapical: These are not particularly useful either. Percussion and palpation usually 

generate a mild response, which is not diagnostic for VRF.     

    Clinical Examination Findings 

 A common fi nding is a sinus tract or a gingival swelling (Fig.  4.1a ). Again, these 
may mimic either a periodontal or an endodontic lesion.   
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    Probing Patterns 

 These are more diagnostic although not absolute. There is a common assumption that 
VRFs produce narrow and deep defects on the facial and/or lingual surfaces represent-
ing the periodontal breakdown and infl ammatory process facing the fracture [ 10 ,  13 , 
 14 ]. Although this may occur, patterns are not predictable.  Signifi cantly, some teeth 
with vertical root fractures have normal probing depths . In a recent clinical prevalence 
study [ 15 ], in less than 24 % of the VRF cases was a deep probing defect found. 
However, most do show signifi cant deep defects with narrow or rectangular patterns 
(Figs.  4.1b, c  and  4.2 ). These also are often indicative of endodontic- type lesions. 
When present, these deep defects are not necessarily on both the facial and lingual 
aspects. When they are deep on the facial and lingual, VRF is strongly suspected, but if 
this is the only clinical sign, it is not pathognomonic. In summary, probing patterns are 

a

c

bb

  Fig. 4.1    Common fi ndings: ( a ) A highly located sinus tract in a mandibular molar. ( b ) A highly 
located sinus tract and deep probing in midbuccal area of another mandibular molar. The periapical 
radiograph ( c ) shows a combined bony lesion in the bifurcation area and along the lateral aspect of 
the mesial root which is typical for VRF in mandibular molars. The combination of the clinical 
signs in the endodonyically treated tooth is considered pathognomonic for VRFs       
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not in themselves totally diagnostic. However, these deep defects in association with 
other fi ndings strongly suggest the presence of a fracture. In 2008 [ 16 ], the Guidelines 
of the American Association of Endodontists stated that when there is a combination of 
a probing defect coupled with a sinus tract in an endodontically treated tooth (with or 
without a post), this is often pathognomonic for a VRF (Figs. 4.1b, c  and  4.3 ).   

 Often, this “pathognomonic combination” does not exist, resulting in a high per-
centage of misdiagnoses [ 4 ].  

    Radiographic Findings 

 Radiographs show a very wide variation of patterns of bone resorption [ 7 ,  12 ]. 
These resorptive lesions are adjacent rather than within the tooth itself. Very rarely 
can a tiny hair-like radiolucent fracture line be demonstrated in a root. 

a

c
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  Fig. 4.2    Deep probing defects may occur on different surfaces but mostly in the buccal aspect as 
the buccal cortical plate is much thinner than the lingual and the palatal ones. ( a ) Mesiobuccal 
probing defect in a maxillary lateral incisor. ( b ) Periapical radiograph of a maxillary molar, show-
ing the large bone loss along the MB root causing deep probing defects in the buccal as well as in 
the palatal. ( c ) A sinus tract can be seen as well on the attached gingivae at the palatal aspect       
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 There are no specifi c radiographic pathognomonic fi ndings because there is an assort-
ment of patterns that often resemble other entities such as periodontal or endodontic 
infl ammatory resorptive lesions [ 16 ]. Importantly, a vertical root fracture may demon-
strate no radiographic changes [ 4 ,  10 ]. In a recent publication [ 15 ], it was shown that 
many of the VRF cases did not show any pathological bony changes (Fig.  4.4 ). The clini-
cian must rely on other suggestive fi ndings to help make a correct and timely diagnosis.  

a bb

  Fig. 4.3    A “pathognomonic combination” for VRF. A deep probing defect on the mesiobuccal 
aspect of the tooth and gutta-percha tracing cone through a highly located sinus tract ( a ) is direct-
ing to a “halo” radiolucency surrounding endodontically treated and restored mandibular premolar 
( b ) (Courtesy Dr. S. Taschieri)       

a b

  Fig 4.4    A common fi nding: ( a ) there are no signifi cant radiographic changes. ( b ) A deep probing 
defect suggests a VRF       
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 A most frequent radiographic feature of VRF is the “halo” (“J shaped”) (Figs.  4.5  
and  4.6 ) appearance. This is a combined periapical and lateral radiolucency along 
the side of the root or a lateral radiolucency on one or both sides of the root. It may 
also present as an angular radiolucency from the crestal bone terminating on the 
side of the root (Fig.  4.7 ).    

 In mandibular molars, a furcal radiolucency is frequently found (Fig.  4.8 ) and is 
often coupled with other periapical/lateral changes [ 4 ,  12 ,  14 ]. The radiolucency 
may have other more familiar confi gurations such as the periapical “hanging-drop” 
shape (Fig.  4.9 ), thus resembling a lesion of failed root canal treatment [ 3 ].   

  Fig. 4.5    A very large 
“halo”-shaped lesion in a 
mandibular premolar       

  Fig. 4.6    A smaller-size “halo” radiolucent 
lesion in a mandibular premolar       

 

 

4 Diagnosis of Vertical Root Fractures



56

 Separated root segments are seldom visible on radiographs. If there is obvious 
separation, this is usually accompanied by a large radiolucency including and 
between the roots; this is infl ammatory tissue separating the segments [ 17 ]. 
Obviously, when visible, these are absolutely diagnostic (Fig.  4.10 ). Segment sepa-
ration with the large resorptive lesion indicates a long-standing event probably 
unnoticed by the patient. Lustig et al. [ 11 ] found that in most patients with other 
signs and symptoms (sinus tract, large osseous defect, mobility), or with acute exac-
erbations, greater interproximal bone loss was recorded than in patients in whom 
the VRF diagnosis was made at an early stage.  

 Computed tomography has been examined as a means of identifying vertical 
fractures of the root [ 18 ,  19 ]. Most studies have been in vitro with artifi cially 

  Fig. 4.7    Angular bony defect along the 
mesial root of a mandibular molar extending 
from the crestal bone to the apical part       

a b

  Fig. 4.8    Furcal resorptive lesions coupled with other radiolucencies around vertically fractured 
mesial roots may be seen often in mandibular molars ( a ,  b )       
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generated fractures that really cannot be compared to in vivo situations. These are 
quite different than the actual fracture in situ; the data from these studies may not be 
useful in clinical situations. Also, the obturating materials that are always present 
and posts that are often in place may interfere with the beam and cause scattering. 
This would mask the presence of the fracture anyway. However, an advantage in 
cone beam computed tomography may be the ability to identify and study more 
subtle patterns of bone resorption that are not visible on standard digital or analogue 
radiographs; this has not been thoroughly examined in clinical trials. There have 
been publications in recent years claiming to demonstrate the superiority of CBCT 

aa b c

  Fig. 4.9    ( a – c ) Radiolucent lesions may resemble those of failed root canal treatment with persis-
tent disease. In a mandibular molar ( a ) and a maxillary premolar ( b ). The vertical root fracture in 
the premolar tooth is seen very clearly ( c )       

  Fig. 4.10    Separated root fracture segments 
are an unusual fi nding and occur in long-
standing infl ammatory process in the area       
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scans over periapical radiographs to diagnose VRFs [ 19 – 21 ]. However, there is con-
siderable heterogeneity in the experimental design of these studies resulting in a 
wide variability in the outcomes. At this point of time, there is insuffi cient evidence 
to suggest the superiority of CBCT over conventional radiographs to detect VRFs 
[ 22 ]. In fact, the American Association of Endodontists Colleagues for Excellence - 
Cone Beam Computed Tomography in Endodontics stated [ 23 ], “What may be 
observed is the resultant vertical bone loss in one or more scans” rather than the 
fracture itself (Fig.  4.11 ).  

 There is the common error of noting a radiolucent line separating the obturating 
material from the canal wall [ 7 ]. This is likely a radiolucent artifact. This artifact is 
common and is adjacent to gutta-percha or a post or is an incomplete root canal 

a

b

  Fig 4.11    Digital radiography versus cone beam computed tomography. ( a ) Bony resorptive 
lesions are not evident. ( b ) CBCT scans on different planes clearly show the bony defects (Courtesy 
Dr M. Feldman)       
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fi lling. This thin radiolucent line may also represent an overlying bony pattern or 
another radiographic structure that is easily confused with a fracture. 

 Therefore, radiographs (including CBCT) can be helpful in identifying a sus-
pected vertical root fracture but are seldom solely diagnostic except in those few 
instances when the fracture segment separation is readily visible.  

    Dental History 

 Identifying and considering past procedures that impact the root is very helpful in 
diagnosis. Vertical root fractures do not occur spontaneously. There is a defi ned his-
tory of certain treatment modalities. These procedures have generated lateral wedg-
ing forces. All fractured roots have experienced root canal treatment and/or root end 
surgery as well [ 15 ]. Many will demonstrate post placement. Different types of 
obturations are associated although those that generate more destructive forces such 
as lateral or vertical condensation tend to be major culprits [ 24 ,  25 ]. Certain 
post designs, particularly custom tapered posts, also generate more wedging forces 
[ 26 – 28 ]. Canal preparation techniques that remove more tooth structure have more 
potential to result in fractures [ 29 – 31 ]. These may be as part of root canal treatment 
or post preparation (See also Chap.   3    ). 

 Endodontic and restorative procedures may have been completed years before 
the fracture manifests itself clinically. Forces that stress the dentin are established 
early, but the actual fracture may begin and grow later taking considerable time to 
reach a root surface. It is seldom a sudden catastrophic event.  

    Root Anatomy 

 The shape of the root and size of canal in cross section are considered to be 
predisposing factors. This shape should be determined as it is indicative of what 
may be a VRF. Those with narrow mesial–distal and deep facial–lingual shapes 
are the most susceptible [ 32 ,  33 ]. These susceptible teeth and roots are the max-
illary and mandibular premolars, mesial roots of mandibular molars, and man-
dibular anteriors. Therefore, more bulky roots such as maxillary central incisors 
and lingual roots of maxillary molars seldom fracture (Fig.  4.12 ) (See also 
Chap.   3    ).   

    Flap Reflection 

 To summarize the above information, seldom do any combinations of signs, symp-
toms, tests, or fi ndings predictably identify the vertical root fracture. If this were 
true, the clinician could confi dently extract the tooth or remove the fractured root 
from a molar. In studies on diagnosis [ 11 ,  12 ], all suspected teeth were subjected to 
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fl ap refl ection to examine bone and root patterns. It was determined that this expo-
sure was the best and most reliable diagnostic approach for fracture confi rmation. 
Vertical root fractures have consistent pathological patterns because of the potency 
of the irritants and the longitudinal nature of the fracture and accompanying infl am-
mation. The infl ammation stimulates bony resorption that is oblong and overlies the 
root surface. There is a visible “punched-out” bony defect taking the form of a 
dehiscence or fenestration at various root levels (Figs.  4.13 ,  4.14  and  4.15 ). Usually, 
the defect is cervical to apical but may be more limited. The defect is fi lled with 
granulomatous tissue.    

 After the granulomatous tissue is removed, the fracture is usually but not 
always visible on the root (Figs.  4.14  and  4.15 ). The operating microscope and 
application of a dye such as methylene blue are useful. If not readily obvious, 
the fracture may be very small or on a line angle of the root and tucked behind 
a bony ledge. Transillumination may be helpful as well. If the fracture line is 
still not visible, it is possible that this represents failed root treatment requiring 
surgical correction. An aggressive root end resection is then performed and the 
resected root end carefully examined. If a fracture line is still not identifi ed, the 
root end surgery may be completed. The prognosis is questionable as the frac-
ture may not extend as far as the level of resection and therefore not visible. If 
the fracture is an incomplete one on the lingual aspect of a maxillary premolar, 
it can be missed during endodontic  surgery and will cause eventually unsuccess-
ful results [ 34 ].   

  Fig. 4.12    Vertical root fracture in a buccal root of a maxillary bifurcated premolar. The buccal 
lingual direction of the complete VRF is shown extending to the bifurcation as well       

 

R.E. Walton and A. Tamse



61

  Fig. 4.13    The patterns of 
“punched-out” bony defects. 
 Lower left : the red is the 
granulomatous infl ammatory 
tissue within the defect. 
 Lower right : a normal 
anatomic root exposure has 
thin bony margins and does 
not contain infl ammatory 
tissue       

  Fig. 4.14    Dehiscence. Flap refl ection in a 
maxillary premolar demonstrates the bony 
dehiscence and the fracture line in the root 
after removal of granulomatous tissue 
(Courtesy Dr.E.Venezia)       

 

 

4 Diagnosis of Vertical Root Fractures



62

    Treatment Choices 

 The patient is informed prior to fl ap refl ection that there are two alternatives if the 
fracture is identifi ed. One is that the tooth or the root on a molar (root amputation) 
[ 35 ] (Fig.  4.16 ) is removed at that time (see also Chap.   6    ). The other approach is to 
delay extraction until a future appointment. Biologically, the best approach is imme-
diate extraction as there will be further bone resorption if the fractured root is not 
removed. The future rehabilitation of the area of extraction will then be much more 
diffi cult (see also Chap.   7    ).   

a b

  Fig. 4.15    Fenestration. ( a ) A second maxillary premolar with a typical “halo” radiolucency. There 
was no probing in this tooth, and upon surgical fl ap procedure and removal of the granulation tissue, 
a VRF was revealed. The tooth was extracted and the fenestration can be clearly seen ( b )        

 

R.E. Walton and A. Tamse

http://dx.doi.org/10.1007/978-3-319-16847-0_6
http://dx.doi.org/10.1007/978-3-319-16847-0_7


63

    Conclusions 
 Treatment of the vertical root fracture is straightforward most of the times 
but diagnosis is often challenging and has to be done accurately and in a 
timely manner. A series of fi ndings is suggestive of a fracture. However, 
there are no noninvasive fi ndings including subjective, objective, probing, 
radiographic, or clinical observations that are defi nitive. Certain combina-
tions are indicative: deep probing defects, localized swelling, a sinus tract, 
and radiographic changes are very suggestive. Flap refl ection has been shown 
to be the fi nal and most reliable approach. The fi ndings of dehiscences and 
fenestration bony defects fi lled with infl ammatory tissue as well as the visu-
alized fracture line are pathognomonic. The treatment is then extraction of 
the tooth if single rooted. As an alternative, if the tooth is multirooted, the 
fractured root may be removed, thus retaining the remainder of the tooth.     

a

c

b

  Fig. 4.16    Treatment option on a mandibular molar. ( a ) “pathognomonic combination” in a man-
dibular fi rst molar. 9 mm probing in midbuccal area, and a cervicaly located sinus tract ( arrow ). ( b ) 
Periapical radiograph reveals combined bifurcation and “halo” radiolucency around the mesial 
root. ( c ) Following crown removal, the mesial root was amputated       
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