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Introduction
The incidences of cracked teeth have increased significantly in the United States over the last decade!  Even before the 
pandemic, the AAE 2015 Special Committee on the Methodology of Cracked Tooth Studies conducted a survey and found 
49% of 941 endodontists had seen an increase of cracked teeth and vertical root fractures compared with the previous 
decades. (1) Poor occlusion, bruxism/parafunctional habits, and wedging events combined with repetitive forces are all 
potential etiologies for tooth cracks. As these early cracks develop, bacteria and biofilms can form, eventually progressing 
towards the pulp and resulting in pulpal necrosis. (2) Cracks when left untreated, can propagate into fractures resulting 
in catastrophic failures and tooth loss, such as in the incidence of a split tooth. (3)

Early in the COVID-19 pandemic, a Sept. 11, 2020, article in USA Today reported that endodontists were seeing twice as 
many cracked teeth as they did in the prior year. (4) The March 21, 2021, ADA Huddle reported that an ADA Health policy 
survey had found a rise in stress-related tooth damage linked to pandemic stress. (5) More recently, the JOE published 
an article comparing the incidence of cracked teeth in a private endodontic practice over three years (2019, 2020, and 
2021), showing a significant increase in the incidence of cracked teeth in the 40-60 age group (2020) and males 40-60 
and over-60 age groups in 2021. (6) Regardless of direct or indirect causes, the diagnosis of cracked teeth was already 
highly prevalent before the pandemic and has subsequently and substantially increased since that time. We are at a point 
where we must include cracked teeth and vertical root fractures in almost every differential diagnosis of tooth pain.

Let us look at the new definitions of cracked teeth and vertical root fractures.

The New Vocabulary for Cracked Teeth and Vertical Root Fractures
The American Association of Endodontists formed a Special Committee on Cracked Tooth Initiatives in May 2014. (7) 
The charge of this committee was to identify consistent terminology for the AAE Glossary of Endodontic Terms. The 
definitions found in the 2012 Glossary of Endodontic terms, those used in the 2008 “Cracking the Cracked Tooth Code,” 
and by the International Association of Dental Traumatology were inconsistent with each other. At issue was the overlap 
in terminologies and the ambiguous and subjective nature of the definitions. Also, omissions of specific terms and 
elaborations within the definitions were confusing. Moreover, the clinical appropriateness associated with some of these 
terminologies was questionable. (8)

The following were the new definitions that were approved by the 2015-2016 Board of Directors of the AAE:

•	 Abfraction: A V-shaped loss of hard tooth structure caused by biomechanical loading forces such as from flexure and/
or chemical fatigue degradation of enamel and/or dentin at some location distant from the actual point of loading.

•	 Infraction (Craze Line) A crack of the enamel without loss of tooth structure (Figure 1)

•	 Cracked tooth: A thin surface disruption of enamel and dentin, and possibly cementum, of unknown depth or 
extension. (Figure 2)

•	 Crown infraction: was removed from the glossary

•	 Fracture: A split or break in bone, cartilage or tooth structure. When involving tooth structure, it is a disruption of 
the enamel and/or dentin and/or cementum that is assumed to be of greater depth than a crack, of unknown depth or 
extension, visible or not visible clinically or radiographically, and with separated or unseparated segments.

•	 Root Fractures: a fracture that exists or extends into the root, to include dentin, cementum, and possibly pulpal space, 
which may progress to or from the enamel.

•	 Longitudinal Fracture: a root fracture extending in the axial plane within the tooth.

○ Vertical Root Fracture: a fracture in the root whereby the fractured segments are incompletely separated; it may 
occur buccal-lingually or mesial-distally; it may cause an isolated periodontal defect(s) or sinus tract; it may be 
radiographically evident.

○ Split Root: a continuation of a crack or vertical root fracture whereby the fractured segments are completely 
separated longitudinally; it may occur buccal-lingually or mesial-distally; it may cause an isolated periodontal 
defect(s) or sinus tract; it may be radiographically evident. (Figure 3)

These terms are found in the 2020 Glossary of Terms, 10th Edition. (8)

Other authors and researchers have suggested other conceptual ways to define cracked teeth and vertical root fractures. 
These included terms such as “crown originating fracture” or “root originating fracture,” emphasizing the direction the 
fracture may be progressing.

(9) These terms and definitions are not presently found in the AAE Glossary of Terms. Notably, none of the fractures 
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resulting from trauma are listed in this report, as the 
etiologies are usually the result of acute force rather 
than repetitive forces that seem to be associated with 
cracked teeth and vertical root fractures. So, “what are 
the diagnostic features we look for in a cracked tooth and 
vertical root fractures?”

Diagnosing Cracked Teeth and Vertical 
Root Fractures

Diagnosing cracked teeth and vertical root fractures begins with the Dental History and  an objective clinical exam. 
What is the patient’s chief complaint? Does the pain occur when chewing (either biting down or upon release)? Are 
fillings fracturing or dislodging? Are there brief episodes of cold sensitivity? Is there tooth mobility? The following 
steps are involved when performing the objective exam. Current recommendations dictate the use of a  surgical 
operating microscope to visualize the tooth because the naked eye often misses the subtle details of cracks or 
fractures. Greater visual acuity is also achieved when transilluminating the tooth surface from multiple directions. 
Minute flexure at the site of the crack can sometimes be seen under magnification,  and  staining  using a dye can 
accentuate the visualization of cracks. 

In addition, the clinical tests that are recommended when trying to diagnose a cracked or fractured tooth are as 
follows:

•	 Soft tissue exam for localized swelling or sinus tract(s)

•	 Percussion

•	 Palpation 

•	 Biting tests (each cusp should be tested)

•	 Vitality tests (Electric pulp testing and cold testing)

•	 Periodontal probing (flexible plastic probes)

•	 Restoration removal (if necessary for complete visualization)

Figure 1. An example of Infractions in anterior teeth (Craze lines)

Figure 2. Cracked Tooth Progression to Split Tooth—(a) Occlusal 
and distal/proximal views of a cracked tooth affecting the distal 
marginal ridge of the mandibular right molar; the crack has not 
yet extended onto the root. (b) Growth/propagation of the crack 
to include both mesial and distal marginal ridges and extending 
onto the distal root surface; a restoration is usually not present 
and the crack is more centered as viewed from the proximal. (c) 
Further propagation results in a split tooth in which a separable 
segment is detected; mesial and distal marginal ridges are 
involved and the fracture extends deeply in the root.

Figure 3. Facial view of a vertical root fracture, a horizontal 
cross-section of a VRF affecting only the lingual root 
surface, and a horizontal cross section of a VRF affecting 
both the buccal and the lingual root surfaces; root canal-
filling material is shown in the canal space.
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•	 Transillumination (to look for disruptions in light transmission which are common in cracked teeth)

•	 Dye Staining (either before or after restoration removal)

•	 Surgical Assessment

•	 A radiographic exam which includes both periapical films (PA) and Cone Beam Computerized Tomography (CBCT) should 
be performed routinely.

With the increased use of Cone Beam Computed Tomography (CBCT) in dental offices over the past decade, newer indirect 
methods for identifying possible cracks or fractures are available. Several authors have suggested that isolated areas of bone 
loss adjacent to the root surface or those associated with narrow periodontal probings may indicate the presence of a crack 
or fracture in the absence of generalized periodontal disease. (10, 11) Loss of cortical bone as seen on a CBCT, is also thought 
to be more closely associated with vertical root fractures. (11)

Proprietary imaging software that comes with most CBCT machines generally does not allow for artifact reduction. “Beam 
hardening” can obscure the accurate interpretation of endodontically treated or restored teeth. (2a) Artificial Intelligence 
(AI) networks are presently being developed that allow for the actual visualization and rendering of fractures. (12) Currently, 
an alternative radiographic imaging program is available that utilizes filters to reduce the “blooming artifact” and “metal 
artifact.” Other proprietary aspects of the program allow for rendering and visualization of external cracks, as seen in Figure 
4. (13)

The AAE 2016  Special Committee on The Methodology Of Cracked Tooth Studies found the following findings were highly 
suggestive of cracked or fractured teeth. (1)

•	 Triggered biting pain

•	 Swelling

•	 One or more sinus tracts

•	 Percussion sensitive and mobility

•	 A root crack associated with a deep 
probing is visible with or without 
magnification

•	 Probings greater than 6 mm

•	 Conventional radiographs that show

	 ○ Visible fracture or separation of root or

	 ○ ”J” shaped radiolucency

•	 Small FoV CBCT imaging with visible 
fracture or separation of root 

•	 Bone loss associated with an isolated 
periodontal defect

Small Field of View (FoV) CBCT may be 
beneficial in identifying isolated bone 
loss, but flap reflection with visualization 
of the fracture using a Surgical Operating 
Microscope is still the “gold standard.”

These steps should allow the dental 
professional to formulate both a pulpal 
and periapical diagnosis, which will help 
to determine  the recommended clinical treatment or a suspected cracked or fractured tooth. So, what do you tell the 
patient once there is a diagnosis? What are the recognized “Best Practices” today for cracked teeth and vertical root 
fractures?

Treatment Options for Cracked Teeth
No one has the “crystal ball” to foresee the future, but we now have outcome information to help guide us clinically. Informing 
the patient that the tooth is compromised or has a guarded prognosis is essential. But the “cracked tooth”  is not necessarily 
hopeless, as has been thought earlier. We know that the earlier cracks are diagnosed, the greater the tooth’s survival rate, 
especially if crowned early. In two studies, cracked teeth with reversible pulpitis and normal apices that were immediately 

Figure 4. Tooth #30 presents with a distal marginal ridge crack. The periapical radiograph 
demonstrated normal distal root bone pattern and periodontal probings were within normal 
limits (WNL). (a) Axial CBCT view demonstrating the distal bony changes adjacent to the 
distal marginal ridge crack. (b) CBCT DICOM images imported into e-VolDX software and 
utilizing the fracture filter. The distal marginal ridge crack extending below the CEJ can 
be visualized. (c and d) Applying the realistic rendering function and visualizing the distal 
marginal ridge crack extension as well as the early distal bony changes adjacent to distal 
marginal ridge crack. All views confirm that the distal marginal ridge crack has extended 
below the CEJ. (Courtesy Dr. Mo Fayad)
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Used with permission from Mo Fayad, D.D.S., M.S., Ph.D.
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crowned had an 80% chance of never needing root canal treatment. (14, 15) Patients should be informed that all 
cracked teeth require the placement of a crown as part of the treatment. A recent article has confirmed that early 
placement of a crown on a cracked tooth can improve the prognosis of the tooth by 98% over an 11-year period. 
(16) If symptoms persist and either irreversible pulpitis or pulpal necrosis develops, root canal treatment can 
be performed. Patients with reversible pulpitis that elect to have the tooth crowned should be told that if root 
canal treatment is needed, it can be done through the existing crown and restored after treatment without crown 
replacement. However, what do you tell your patient regarding “success” or “survival” statistics?

The Iowa Staging Index is a guide  the clinician can use to use to communicate to patient possible outcomes for 
“success.” (17) For purposes of discussion, 
“Success” is defined as the “resolution 
of previous radiographic pathosis and 
the absence of signs or symptoms.” This 
terminology is often associated with 
“clinician-centered” outcomes. This definition 
is stricter than “Survival,” which has become 
more frequently used as a “patient-centered” 
term.

“Survival” means the “tooth is present, 
asymptomatic and functional.” “Survival” 
can include teeth that are asymptomatic 
but still have signs of apical pathosis, either 
radiographically or clinically. Older studies 
called these teeth “questionable.” To be clear, 
“Survival” statistics are always better than 
“Success” statistics. Let us look closer at the 
Iowa Staging Index. (See Figure 5.)

Figure 5 shows the decision “tree” for factors 
that have influenced success in past cases 

after root canal treatment and when the teeth were crowned. Three factors were identified as significantly affecting 
the outcomes following root canal treatment. The first factor is the depth of the periodontal probing associated with 
the crack. In the first three stages, all have periodontal probings less than 5 mm, with the second factor being the 
location of the crack. Distal marginal ridge cracks were associated with decreased success rates. The third factor 
was the initial diagnosis of periapical pathosis. Older diagnostic terminology was used because the study period 
covered 25 years and the new accepted diagnostic terms came out in the last ten years of the study. Using the most 
recent terms, periapical diagnoses of acute apical abscess, symptomatic apical periodontitis, asymptomatic apical 
periodontitis, and chronic apical abscess were all associated with decreased prognoses.

Let us look at some other features of the Iowa Staging Index. Iowa Stage 1 was if the tooth had less than a 5 mm 
probing, no apical pathosis, and only a mesial marginal ridge crack. The “success” rate was 93%, and “survival” has 
been reported as high as 97%. (18) For Iowa Stage 2, the tooth had less than a 5 mm probing, a distal marginal ridge 
crack, but no apical pathosis. The success rate for Stage 2 was 84%. At Iowa Stage 3 the tooth had less than a 5 mm 
probing, a distal marginal ridge crack, and a periapical diagnosis indicating apical pathosis. The success rate for Stage 
3 was 69%. At Iowa Stage 4, if the tooth had greater than a 5 mm probing, any marginal ridge crack, the success rate 
was 41%. (17)

Two different meta-analyses and one large clinical retrospective study have come up with similar findings with respect to 
the Iowa Staging Index. All three papers concluded periodontal probings greater than or equal to 5 mm associated with 
a crack decrease the survival. Timely crown placement improves survival. (16, 19-21) Root canal treatment of cracked 
teeth is more successful than previously thought and should be considered (84% survival at 60 months). (16-21)

Clinical Treatment Improvements When Treating Cracked Teeth
The protocol for treating cracked teeth requiring endodontic therapy has changed over the past fifteen years. There 
is still a continued emphasis on reducing repetitive forces on the tooth and improving survivability.  Reduction 
of occlusion is highly recommended as part of the initial treatment because the repetitive stress from bruxing or 
grinding is thought to lead to the propagation of a crack leading to fracture.

Repetitive occlusal forces were the only explanation for root fractures found in non-endodontically treated teeth! (22, 
23) Davis and Shariff (18) have recommended that after obturation, orifice barriers be placed to the deepest extent 

Figure 5. The Iowa Staging Index
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of the crack, which may help strengthen the root and seal the canal from further bacterial penetration. The tooth is taken out 
of occlusion, and the patient is encouraged to chew on the other side until a crown has been placed. Additionally, the crown 
should be placed as soon as possible after root canal treatment. The authors’ survival rate using this protocol and strict recall 
every six months has resulted in a 97% survival rate at four years of follow-up. (Figure 6)

Several studies have shown the benefit of timely crown placement on teeth with root canal treatment. (24) Two meta- analyses 
of cracked teeth and two large population retrospective studies have all re-emphasized the importance of a crown following 
treatment. (16, 17, 18, 22)

Once again, when deciding the treatment options for the patient, a crown must be an integral part of the treatment plan.

Treatment Options for Vertical Root Fractures
Teeth that have developed vertical root fractures (or root originating fractures) have guarded prognoses. Single rooted teeth 
with a vertical root fracture will generally need to be extracted. Frequently, these teeth have been endodontically treated 
and subsequently develop periapical pathosis over time. Endodontically treated teeth with posts or excessive root structure 
removed are at the greatest risk for fractures, but even non-endodontically teeth can develop root fractures, as previously 
mentioned. (22,23)

As dental implants have become more prone to failure, the question “What is in the patient’s best interest?” becomes 
tantamount. In an editorial by the then editor of the Journal of Dental Research in 2016, Giannoble and Lang stated:

“Teeth even compromised because of periodontal disease or endodontic problems may have a longevity that surpasses by far 
that of the average implant.” (Carnevale et al. 1998; Hardt et al. 2002; Lang and Zitzmann 2012; Salvi et al. 2014; Klinge et al. 
2015) (26-30)

Figure 6. (a) Magnification showing the extent of the crack. (b) Immediate post-op showing the extent of the orifice barrier. (c) Five-year recall showing 
complete healing. (Courtesy of Dr. Matt Davis)

A B C

Figure7. (a) Pre-op radiograph #18, showing distal root fracture. (b) Post-op showing distal root hemisection. (c) 1 year recall showing 
complete healing. (Courtesy of Dr. Gary Matt)
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