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Ab s t r Ac t
Aim: The aim of this study is to survey the opinion of endodontists in the United States regarding their approach to treatment of cracked teeth.
Materials and methods: A survey assessing the opinions of 3,500 endodontists in the United States was administered over a 4-week period. 
It consisted of a hypothetical clinical case and eight different treatment scenarios. Participants were asked to select one of the two treatment 
options: (A) informing the patient of the presence of a crack, reinforcing the tooth, and continuing with endodontic treatment; and (B) extraction 
of the tooth followed by replacement with an implant supported crown or fixed partial denture.
Results: When the crack extended across the distal marginal ridge with no associated probing depths, 92.65% endodontists preferred to continue 
with endodontic treatment and reenforcing the tooth. When the crack extended across the distal marginal ridge and was associated with a 
probing depth of 6 mm, 80% preferred extraction of the tooth. When the crack extended across the mesial marginal ridge up to the orifice of 
the mesiolingual canal with no associated probing depth, 82.78% preferred to continue with the treatment. When the crack was associated 
with a 6-mm probing depth, 83.79% preferred tooth extraction. When the crack extended across the mesial marginal ridge and down into 
the mesiolingual canal with/without associated probing depth, 91.13% and 63.54% preferred tooth extraction, respectively. When the crack 
involved both mesial and distal marginal ridges and extended across the pulp chamber, 79.74% preferred tooth extraction. When a split tooth 
was presented, 98.48% preferred tooth extraction.
Conclusion: It appears that the presence of a 6-mm periodontal pocket is considered an important factor by most American endodontists 
when deciding whether to preserve the cracked tooth or extract it.
Clinical significance: There is no consensus among dentists regarding the best approach to treat cracked teeth. Conclusive studies evaluating 
clinical approaches of endodontists regarding treatment of cracked teeth are lacking. Therefore, surveyed opinion of endodontists in the 
United States regarding their approach to treatment of cracked teeth was done to try to reach the best clinical decision regarding this dilemma.
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In t r o d u c t I o n

Cracked teeth can present a clinical challenge due to their complex 
diagnosis and unpredictable prognosis. Treatment often varies 
depending on the nature of the crack and clinical experience of 
the operator. In 1964, Cameron1 coined the term “cracked tooth 
syndrome” for teeth that exhibited discomfort upon biting and 
thermal sensitivity. Rivera and Walton2 defined a cracked tooth as 
an incomplete fracture initiating from the crown and extending 
subgingivally, usually in a mesiodistal direction. The crack may 
extend through one or both of the marginal ridges and through 
the proximal surfaces. It can be limited to the crown portion of 
the tooth or extend further to the root.2 Five types of cracks were 
described: craze lines, fractured cusps, cracked tooth, split tooth, 
and vertical root fracture.2

Cracked teeth are difficult to diagnose clinically because of the 
complicated and diverse symptoms associated with this condition 
and the challenge in locating crack lines. According to Abbott and 
Leow,3 it is imperative to remove all restorations prior to endodontic 
treatment. Once the restoration is removed, the mesial and distal 
marginal ridges can be examined with a combination of dyes, 
transillumination, and the operating microscope. In some cases, 
diagnostic exploratory surgery is necessary to rule out the presence 
of a crack.3

Depending on the apical extension of the crack, periodontal 
probing depths may vary.4–7 Berman and Kuttler8 described fracture 
necrosis in teeth that did not have any restorations. They attributed 
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it to cracks that traveled from the occlusal surface and 
involved the pulp of the affected teeth. Based on their findings, 
they recommended extraction of the affected teeth as a primary 
treatment option due to poor prognosis of endodontic treatment 
in such cases.8
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Recently, Krell and Caplan14 described the outcome of cracked 
teeth based on a healing criterion rather than survival. They defined 
success as “absence of signs and symptoms plus resolution of any 
previous pathoses.” Three diagnostic factors were suggested: (1) 
presence of one probing pocket depth > 5 mm; (2) presence of a 
crack across the distal marginal ridge; and (3) periapical diagnosis 
of chronic apical abscess, symptomatic apical periodontitis, or acute 
apical abscess.14 Based on their findings, the Iowa stage index for 
crack teeth was suggested (Table 1). This index was designed to aid 
in clinical treatment decision-making.

There is no consensus among endodontists regarding the best 
approach to treat cracked teeth. Conclusive studies evaluating 
clinical approaches of endodontists regarding treatment of cracked 
teeth are lacking. The aim of this study is, therefore, to survey 
the opinion of endodontists in the United States regarding their 
approach to the treatment of cracked teeth.

MAt e r I A l s A n d Me t h o d s
An invitation to participate in an online survey administered 
through Google docs was e-mailed to 3500 US endodontists listed 
as “active” in the online membership directory of the American 
Association of Endodontists (AAE). The survey was administered 
over a 4-week period between April 2018 and May 2018 in the 
United States. It consisted of a description of a hypothetical clinical 
case (Box 1) and eight different scenarios of clinical presentation 
and treatment of cracked teeth (Fig. 1). Each scenario was described 
along with a corresponding clinical image. Participants were asked 
to select one of the two treatment options as follows: (A) informing 
the patient of the presence of a crack, reinforcing the tooth,  

Table 1: The Jowa staging index
Stage I: No probing pocket depths >5 mm and no crack across the 
distal marginal ridge
Stage II: No probing pocket depths >5 mm, having a crack across 
the distal marginal ridge, and not having a periapical diagnosis of 
CAP/SAP/AAA
Stage III: No probing pocket depths >5 mm, having a crack across 
the distal marginal ridge, and having a periapical diagnosis of CAP/
SAP/AAA
Stage IV: One mesial or distal probing pocket depth >5 mm

CAP, Chronic apical periodontitis; SAP, symptomatic apical periodontitis; 
AAA, acute apical abscess

According to Eakle et al.,9 48% of cracked teeth are mandibular 
molars. Kang et al.,10 reported similar findings. The mandibular 
second molar showed the highest incidence of cracks.10 In addition, 
intact teeth and teeth with class I occlusal cavities exhibited a higher 
incidence of cracks.9,10

Most outcome studies on cracked teeth used survival as a 
metric. Tan et al.,11 reported 85% survival rate of cracked teeth 2 
years after completion of root canal treatment. Kang et al.,10 found 
the 2-year survival rate of cracked teeth to be influenced mostly 
by the presence of probing depth of 6 mm or more. Teeth with 
a probing depth greater than 6 mm had a survival rate of 74% 
whereas those with probing depth less than 6 mm had a survival 
rate of 96%. Extension of the crack into the pulpal floor resulted 
in a significant increase in tooth loss.12 The survival rate of cracked 
teeth treated endodontically and restored with crowns (95.1%) 
was higher than those treated endodontically and restored with 
composite resin (77%).13

Figs 1A to H: The clinical scenarios presented to survey participants. (A) A crack line across the distal marginal ridge with no associated probing depth.  
(B) A crack line across the distal marginal ridge with a 6-mm probing depth on the distal aspect of the root associated with the crack line. (C) A crack 
line across the mesial marginal ridge extending up to the orifice of the mesiolingual canal with no associated probing depth. (D) A crack line 
across the mesial marginal ridge extending up to the orifice of the mesiolingual canal with a 6-mm probing depth on the mesial aspect of the root 
associated with the crack line. (E) A crack line across the mesial marginal ridge extending down the mesiolingual canal with no associated probing 
depth. (F) A crack line across the mesial marginal ridge extending down the mesiolingual canal with a 6-mm probing depth on the mesial aspect 
of the root associated with the crack line. (G) A crack line across the mesial marginal ridge extending across the pulp chamber involving the distal 
marginal ridge with no associated probing depth. (H) A crack extending in the mesiodistal aspect of the tooth splitting it into two segments
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and continuing with endodontic treatment; and (B) extraction of  
the tooth followed by replacement with an implant supported 
crown or fixed partial denture. To encourage respondents to 
answer all questions, an error message was delivered if questions 
were left unanswered. Participants were informed that the survey  
was a research project and that anonymity of participants was 
assured.

re s u lts
Three hundred and ninety-five endodontists responded to the 
survey, representing an 11.28% response rate. About 63.29% of 
participants were in practice for more than 10 years. About 22.78% 
were in practice for 5 to 10 years and the remaining 13.92% have 
been in practice for less than 4 years (Graph 1 and Table 2).

In scenario 1, where the crack extended across the distal 
marginal ridge with no associated probing depths, 92.65% of 
participants answered that they would continue with endodontic 
treatment after informing the patient of the presence of the crack 
and reenforcing the tooth (Graph 2 and Table 2). In scenario 2, 
where the crack extended across the distal marginal ridge and 

was associated with a probing depth of 6 mm, 80% of participants 
chose tooth extraction (Graph 2 and Table 2).

In scenario 3, where the crack line extended across the mesial 
marginal ridge up to the orifice of the mesiolingual canal with no 
associated probing depth, 82.78% of respondents chose to continue 
with the treatment after informing the patient (Graph 3 and Table 2). 

Box 1
Case description
A middle-aged patient presents to your endodontic office for evalua-
tion and treatment of the mandibular first molar. Upon examination, 
you established a pulpal diagnosis of necrotic pulp and a periapical 
diagnosis of symptomatic apical periodontitis. What would be your 
treatment if after removing all restorations and creating the access 
preparation the following is found: Figure 1(A–H)

Graph 1: Number of years in practice of survey participants (n = 395)

Table 2: Summary of opinion distributions regarding crack lines

Opinion distribution regarding 
treatment of a crack line across 
the distal marginal ridge

Opinion distribution regarding 
treatment of a crack line across 
the mesial marginal ridge  
extending up to the orifice of 
the mesiolingual canal

Opinion distribution regard-
ing treatment of a crack line 
across the mesial marginal 
ridge extending down the 
mesiolingual canal

Opinion distribution regard-
ing treatment of a crack line 
across the mesial marginal 
ridge extending across the pulp 
chamber involving the distal 
marginal ridge

No probing 
depth 6 mm probing

No probing 
depth 6 mm probing

No probing 
depth 6 mm probing No probing depth

Extraction (%) 17.22 83.80   7.34 80 63.54 91.14 79.74
Treatment (%) 82.78 16.20 92.66 20 36.46   8.86 20.26

Graph 2: Opinion distribution regarding treatment of a crack line across 
the distal marginal ridge with no associated probing depth (n = 366) 
and with a 6 mm associated probing depth (n = 79)

Graph 3: Opinion distribution regarding treatment of a crack line across 
the mesial marginal ridge extending up to the orifice of the mesiolingual 
canal with no associated probing depth (n = 327) and with a 6-mm 
probing depth on the mesial aspect of the root associated with the 
crack line (n = 64)
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In scenario 4, where the crack was associated with a 6-mm probing 
depth, 83.79% of respondents chose tooth extraction (Graph 
3 and Table 2). In scenario 5, where the crack extended across 
the mesial marginal ridge and down into the mesiolingual canal 
without associated probing depth, 63.54% of respondents chose 
tooth extraction (Graph 4 and Table 2). When the same scenario 
was described but with an associated probing depth, 91.13% of 
participants chose tooth extraction (Graph 4 and Table 2).

When the crack line involved both mesial and distal marginal 
ridges and extended across the pulp chamber, 79.74% of 
participants chose tooth extraction (Graph 5 and Table 2). When 
a scenario of a split tooth was presented, 98.48% of respondents 
chose tooth extraction (Graph 6).

dI s c u s s I o n
When presented with a cracked tooth, clinicians face a dilemma of 
whether to treat it endodontically or to extract it. The results of the 
present study support the findings of Krell and Caplan14 indicating 

that the presence of a probing depth of 5 mm or more is a significant 
factor impacting the prognosis and long-term survival of the tooth. 
Our results also agree with those of Kang et al.,10 who reported that 
2-year survival rate of root-filled cracked teeth with a probing depth 
of more than 6 mm was significantly lower than that of teeth with 
probing depths of less than 6 mm.

In the scenario where the crack was crossing the pulpal floor, 
most participants preferred extraction of the tooth. This further 
supports the results of Sim et al.,12 who reported that extension 
of cracks onto the pulpal floor independently increased the odds 
of tooth loss by 11-fold. However, the 5-year survival rate when 
the crack did not extend into the pulpal floor was 99%. On the 
contrary, the extension of the crack into the pulpal floor lowered 
the 5-year survival rate to 88%. Early diagnosis of the crack and 
a timely reinforcement of the tooth will yield a better long-term 
prognosis.3,15,16

In our study, a clear trend was found when endodontists were 
asked about treating cracked teeth with associated periodontal 
probing depths. The majority of respondents thought that 
extraction was the treatment of choice. Also, in the case of a split 
tooth, the vast majority of respondents thought that extraction 
was the treatment of choice. Nevertheless, 6% of endodontists 
preferred to try and save the tooth by performing endodontic 
treatment and coronal restoration. It can be presumed that these 
respondents wished to remove the separated segment for the 
evaluation of restorability of the tooth prior to making their final 
decision. However, this information was not obtained from the 
survey.

Based on the results of this study, it appears that the presence 
of a 6-mm periodontal pocket is considered an important factor 
by most American endodontists when deciding whether to treat 
the cracked tooth or extract it.

lI M I tAt I o n o f t h e st u dy
Our study had a relatively low response rate (11.28%) and 
interpretation of the results should be done with caution. A study 
conducted by McLeod17 used 60% as a benchmark for responses 
to surveys. They found a decrease in response to surveys from 61% 
in the year 2000 to 36% in 2008. Funkhouser et al.,18 found that 
the greatest response to surveys is in-person surveys followed by 

Graph 4: Opinion distribution regarding treatment of a crack line across 
the mesial marginal ridge extending down the mesiolingual canal with 
no associated probing depth (n =144) and with a 6-mm probing depth 
on the mesial aspect of the root associated with the crack line (n = 35)

Graph 5: Opinion distribution regarding treatment of a crack line across 
the mesial marginal ridge extending across the pulp chamber involving 
the distal marginal ridge with no associated probing depth (n = 80)

Graph 6: Opinion distribution regarding treatment of a crack extending 
in the mesiodistal aspect of the tooth splitting it into two segments (n = 6)
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paper-based surveys. The lowest response was obtained by online 
surveys. The reason attributed for a low response rate to online 
surveys is that people are receiving spam e-mails on regular bases. 
In addition, older dentists may have a preference for competing 
paper surveys rather than online surveys.

Another limitation of our study was that we obtained our 
information anonymously. As a result, even though we obtained 
data regarding the number of years of experience of the 
endodontist, we could not corelate that to the answers provided as 
the survey was anonymous. Hence, no conclusions could be drawn 
to see if the experience of the clinician changed the treatment 
approach for the cracked tooth.
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