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Abstract

Background—This study determined if there are observable patient-, tooth- and crack-level
characteristics significantly associated with whether a tooth demonstrating an external crack also
has an internal crack.

Methods—Two hundred and nine dentists in the National Dental Practice-Based Research
Network enrolled 2,858 adults with a vital posterior permanent tooth having at least one observed
external crack. Presence and characteristics of internal cracks were recorded for 435 cracked teeth
that were treated. Generalized estimating equations were used to identify significant (p<0.05)
independent odds ratios (OR) associated with the tooth having internal cracks.

Results—Overall, 389 (89%) teeth had at least one internal crack, with 46% of these having two
or more. Sixty-nine percent of treated cracked teeth were associated with one or more types of
pain assessed prior to treatment; 53% associated with cold, 37% with biting and 26% with
spontaneous pain. In the final model, biting pain, having an external crack that connected with a
restoration, or an external crack that extends onto the root were each associated with over a 2-fold
increased odds of having an internal crack.

Conclusions—Essentially 9 of 10 teeth that had at least one external crack also had at least one
internal crack.

Practical implications—The external cracks that a dental practitioner should be most
concerned about, as they are most likely to be associated with internal cracks in the tooth, are
those in which the patient experiences biting pain, is connected with a restoration of some type, or
extends onto the root.

Keywords
cracked teeth; practice-based research; internal crack; Cracked tooth; Symptoms

Introduction

The observation of teeth with cracks is an everyday occurrence for dental practitioners, but
the most appropriate treatment for those teeth, and the optimal timing of that treatment, is

often uncertain. Although there is extensive literature on the treatment of teeth with cracks,
it has been pointed out that there is no widely accepted definition, diagnostics or evaluative
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criteria for the word “crack” in many published studies, making interpretation of treatments
and their effects difficult (1). Treatment strategy is also complicated by the difficulty the
practitioner has with reliably estimating the severity of the crack or crack system, especially
the extent of penetration into the tooth. This may distinguish a crack from a craze, which is a
surface crack present in enamel only, and a fracture, in which two parts are separated (1).

Internal cracks, i.e. cracks within the dentin that are unobservable from the external surface,
are significant as they may be associated with a higher risk of symptoms development and
invasive dental treatment, possibly with poorer outcomes. Unfortunately there are currently
no clinically available diagnostic tools for determining the depth of cracks into dentin, or the
presence of dentin cracks that eventually involve the enamel. High magnification (14-18X)
provides profound visualization of enamel cracks (2), but is still deficient for detecting
cracks in dentin in an intact tooth. Therefore, clarifying the association between observable
characteristics of the patient, tooth, or crack system and the presence of internal tooth cracks
would be very useful for practitioners to help guide treatment decisions. Recently micro-CT
of extracted teeth was used to show a moderate but significant association between the
length of a crack on the occlusal surface and the proximal length of the crack, including the
root surface (3).

Determining associations between measurable characteristics and dental outcomes or
conditions in an observational study requires a large sample size to provide adequate
statistical power. The National Dental Practice-Based Research Network (4) provides the
ideal research context for such a study. This work represents one of several studies
investigating the association between the characteristics of teeth with cracks and a variety of
conditions, such as tooth symptoms and crack progression (5, 6).

Our objective was to determine if there are observable characteristics at the patient-, tooth-
and external crack-level that are significantly associated with whether a posterior permanent
tooth with at least one observable external crack also has an internal crack. The presence of
an internal crack was visually verified during preparation of the tooth for restorative
treatment.

The detailed description of the process for enrolling patients and collecting data has been
published (5). Overall, 209 participants in the National Dental Practice-Based Research
Network enrolled a convenience sample of 2,858 adult subjects who had a vital posterior
tooth with at least one observed external crack. For this study, an external crack was defined
as “an obvious break of the external contiguous structure of the tooth, but involves no loss of
tooth structure (e.g. lost cusp).” Teeth could be symptomatic or asymptomatic. Target patient
enrollment per dentist was as many as possible up to 20 within eight weeks. The Institutional
Review Board (IRB) of the lead investigators (TH & JF) and those of the network’s six
regions approved the study. Consent was obtained for all participating subjects.

Patient-, tooth-, and crack-level data were collected by dentist and practice personnel who
were trained in data collection. Data forms are publicly available at [http://
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nationaldentalpbrn.org/study-results/cracked-tooth-registry.php]. Cold, typically a
refrigerant or ice, was used to confirm tooth vitality (7), although these or other methods
used were at the discretion of the practitioner.

Of the 2,858 cracked teeth examined at baseline, 486 had a surgical treatment [extraction,
endodontic, or restorative] completed at the same visit. As will be reported in a future paper,
teeth were most likely to be recommended for treatment when there was any evidence of
pain, caries was present, or when a crack could be observed on a radiograph (in only 5% of
the teeth). Of the 486 teeth examined, dentists indicated that they could assess whether or
not internal cracks were present on 437. Analyses are presented on 435 surgically treated
cracked teeth for whom dentists indicated they were able to assess whether internal crack(s)
were present (data was missing for two). The following characteristics of each identified
internal crack were recorded: stained, connected with pre-existing restoration, surface
involved, cusps involved, connected with another crack, continuation of an external crack,
crack included enamel, and crack included dentin.

The 435 cracked teeth were treated by 152 practitioners (range 1 to 12 patients/practitioner,
median of 2, with an Inter Quartile Range (IQR) of 1-4), between April 8, 2014 and April
30, 2015. There were 22 to 31 practitioners from across each of the six regions of the
network and the mean number of patients/practitioner did not vary by region [p=0.3],
ranging from 2.00 (South Atlantic) to 3.27 (Western).

As previously described (5), teeth were classified as symptomatic if they had pain to cold
(N=230/435, 53%), biting (N=163/435, 37%) or were spontaneously painful (N=113/435,
26%). Of the 435 teeth, 69% had one or more types of pain (298/435), and of the 298 that
were painful, 142 (48%) had only one type of pain, 104 (35%) had two and 52 (17%) had all
three types of pain (Figure 1). To distinguish a painful response from a “normal” response
by a vital tooth, dentists were asked to test and compare a “normal” tooth, e.g., a
contralateral tooth.

Data Analysis

Frequencies were obtained overall and according to whether or not a cracked tooth had an
internal crack, by patient-, tooth- and crack-level characteristics, and whether or not the
cracked tooth was symptomatic, overall and by type of symptoms. Initial analyses with
patient demographics and behaviors were used to inform categorization for the regression
model. In a univariable fashion, each patient-, tooth-, and crack-level characteristic was
entered into a logistic regression model that used a generalized estimating equations (GEE)
method which adjusted for clustering of patients within the practice (PROC GENMOD in
SAS with CORR=EXCH option). All characteristics with p<0.05 after adjusting only for
clustering of patients within the practice were entered into a full model and backwards
elimination, again using GEE to adjust for clustering, was performed, to identify
independent associations with the presence of internal cracks. This was repeated after
restricting to treated cracked teeth with one external crack and one internal crack to identify
characteristics associated with the internal crack being a continuation of the external crack.
All characteristics with p < 0.05 were retained and included in a reduced, final model. All p-
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values presented are adjusted for clustering of patients within practices. All interaction terms
were tested for significance at the 0.05 level after the final model was fit.

Of the 435 treated cracked teeth that could be assessed for internal cracks, 389 (89%) had at
least one internal crack. Of these 389 teeth, 209 (54%) had just one internal crack, 111
(28%) had two, 35 (9%) had three and 34 (9%) had four or more internal cracks (Figure 2).

Patient-level characteristics (Table 1 - supplemental)

The mean and median age of the participants was 53 (SD= 12) years; with an IQR of 44 to
62 (range 21 to 85) years. Age did not differ for those with and without internal cracks. A
preponderance of patients (85% for each) were of non-Hispanic white race-ethnicity and had
some form of dental insurance. About two-thirds of the patients (61%) were female, and
67% said that they clenched, ground, or pressed on their teeth at some time (5). As stated
above, 69% of treated cracked teeth were associated with one or more types of pain; 53%
with cold, 37% with biting and 26% with spontaneous pain.

After adjusting for clustering within practice, treated cracked teeth in female patients
(OR=1.9) were more likely to have internal cracks than those in males (Table 1). Patients
treated in the South Atlantic region were less likely to have an internal crack than those
treated in other regions (OR=0.3). Treated cracked teeth associated with some type of pain
were more likely to have an internal crack than those without pain (OR=2.0), and this was
primarily due to those teeth for which biting pain was recorded (OR=2.6).

Tooth-level characteristics (Table 2 - supplemental)

Nearly all of the cracked teeth were in occlusion with an opposing tooth (98%), and a
preponderance had a natural or restored opposing tooth (89%) and were molars (85%). The
majority of the teeth (66%) had multiple external cracks and were mandibular teeth (54%). It
was less frequent for cracks to be on teeth with caries (36%) or on teeth with a wear facet
through enamel (26%). Even fewer cracks were on teeth having exposed roots (16%), having
a non-carious cervical lesion (NCCL) (7%) or having evidence of a crack on a radiograph
(5%). The only tooth-level characteristic among treated cracked teeth showing a significant
association with the presence of internal cracks was if the tooth had caries; these treated
cracked teeth were less likely to have internal cracks (OR=0.5) (Table 1).

Crack-level characteristics (Table 3 — supplemental)

A preponderance of the treated cracked teeth had an external crack that was in a vertical
direction (94%), was stained (83%), connected with a restoration (75%), was detectable by
an explorer (73%), or blocked trans-illuminated light (68%). Each of the five tooth surfaces
was approximately equally represented with a crack; ranging from 41% for the facial surface
to 55% for the distal surface. Fewer of the treated cracked teeth had an external crack that
was in a horizontal direction (36%), more than one direction (17%), extended to the root
(9%), was in an oblique direction (7%) or connected with another crack (6%). The only
crack-level characteristics among treated cracked teeth associated with the presence of an

JAm Dent Assoc. Author manuscript; available in PMC 2020 February 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ferracane et al. Page 6

internal crack were whether or not a crack connected with a restoration (OR=2.2) or
involved the occlusal surface (OR=2.3), or involved more than one surface (OR=2.2) (Table
1).

Independent associations

There were no significant interactions among the independent variables, indicating that an
additive model was appropriate. The independent associations with whether or not there was
an internal crack are presented in Table 1. In the final model, biting pain (OR=2.6; 95% CI:
1.4-4.8), having an external crack that connected with a restoration (OR=2.2; 95% ClI: 1.2—
4.0), or an external crack extending to the root (OR=3.1; 95% CI: 0.9-10.5) were each
associated with over two-fold increased odds of having an internal crack. In the South
Atlantic region, a treated tooth with an external crack was less likely to have an internal
crack (OR=0.3; 95% CI: 0.2-0.8). Although patients in the South Atlantic region had similar
proportions of teeth recommended for treatment as compared with the other regions, among
those so recommended, fewer had the treatment completed at baseline (32% vs. 49%,
p=0.01), and this could be due to fewer having any dental insurance (65 vs. 80%, p<0.001)
and fewer presenting with biting pain (10% vs. 17%, p=0.004).

Of particular interest was to identify the characteristics of external cracks that were directly
connected with an internal crack verified by invasive treatment. These cracks would
potentially be considered to be the most serious, as they would be the most extensive in
terms of penetration into the tooth. It was possible to correlate which internal cracks
connected with a specific external crack only in those teeth that had one external crack and
also had only one internal crack (n=126), in which the internal crack was specifically
identified as being a continuation of an external crack (n=100; Table 2). Three
characteristics were independently associated with an external crack continuing to an
internal crack, one external characteristic (connects with a restoration) and two internal
characteristics (being stained and involving dentin and enamel) (Figure 3).

Discussion

Perhaps the most striking result from this study was the fact that almost nine out of ten
treated teeth having at least one visible external crack also had at least one internal crack;
these internal cracks are only discoverable upon preparation of the tooth for treatment. It is
important to be cognizant that the teeth were typically being treated because of the presence
of caries or pain symptoms, especially to biting. Perhaps even more unexpected is the fact
that nearly half of these teeth had more than one internal crack. In retrospect, perhaps this
should not have been surprising because these cracks are not typically discernible in an
intact tooth (8), and the extent of the “pathology” of the tooth, such as internal cracks, only
becomes perceptible when the tooth is opened up or “deconstructed” (9). Based on these
results from over 150 geographically distributed U.S. dentists examining 435 teeth with
external cracks that were invasively treated, it seems logical to assume that a tooth that has a
visible external crack and is being recommended for treatment will almost always have at
least one deep crack (i.e. extending into the dentin).
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Treatment of teeth with cracks is controversial due to the many different options and paucity
of definitive clinical outcome data (10). Survival of root canal treated cracked teeth is less
than ideal, i.e. 15% failure in 2 years (11), so more conservative approaches are appealing.
Bonded composite with or without cuspal coverage has been tried to preserve tooth structure
and pulp vitality with good success at 7 years for 40 restorations, although ultimately 7.7%
of the non-cuspal coverage restorations eventually required root canal therapy (12). In the
current study, of the 2,858 cracked teeth enrolled, only approximately 1% (29 teeth) were
initially recommended for endodontic treatment by the over 200 dentists involved. This
number represents only about 3% of those teeth initially recommended for treatment,
predominantly restorative, at the baseline visit (n=1,018).

It has been stated that the management of a tooth with a crack should be based on the
biological, not the mechanical problem, in that the crack itself is not the disease and only
provides a means for bacterial entry and possible pulpitis or periodontitis, which are the true
diseases (1). In a study in which 100 teeth were treated according to this conservative
philosophy, only 15 were recommended for initial endodontic treatment due to pulp
exposure, crack into the pulp or the need for a post. Of the 85 teeth treated by removal of all
restorations and any cracks, and placing sedative fillings to confirm tooth health prior to
placing crowns, only 4 proceeded to require root canal therapy within 5 years. Thus, when
the diagnosis of reversible pulpitis due to cracks could be confirmed, about 80% of teeth
could be saved without the need for endodontic treatment (1). Although the authors were
specific in stating that all cracks were removed in the 85 teeth that were not initially treated
with endodontics, they did not characterize or comment on the presence of internal cracks.
To our knowledge, no study has provided such data until this present work.

Overall, 69% of the teeth recommended for treatment had at least one type of pain. This
percentage was higher than the 45% of the 2,858 teeth overall enrolled in this study that had
at least one pain symptom (5). This suggests that a tooth with a visible external crack and
presenting with some symptoms is more likely to be recommended for treatment. This is
consistent with the observation that an early diagnosis of cracked tooth syndrome has been
associated with more successful restorative management and a better prognosis (13).

In a previous study, we showed that the predominant pain symptom for patients with a tooth
with at least one external crack was cold sensitivity (6). In the current study, there was a
strong association between pain and the presence of an internal crack, mainly due to biting
pain, not to cold or spontaneous pain. This is consistent with other reports showing that pain
on biting is the most common type of pain for teeth with visible external cracks (1, 14). In
fact, patients with pain on biting had more than two and a half fold greater odds of having an
internal crack than those without biting pain. Thus, when a patient has a tooth that responds
with pain on biting and has at least one visible external crack, particularly one that is on the
occlusal surface and connects with a restoration, it is very likely to have at least one internal
crack. This is a significant finding because it is expected that this combination of
characteristics would more likely lead a practitioner to recommend treatment. Further, pain
on biting is considered the most-accurate diagnostic tool for a cracked tooth, at least for
cracks visible to the practitioner (15). Because in the present study nearly every tooth with a
visible crack that was recommended for treatment also had at least one internal crack, pain
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on biting may be a good indicator of the existence of an internal crack, likely because an
internal crack is present within dentin. In this case, the movement of fluids into and out of
the crack during the application of pressure on the tooth would be the stimulus for pain (16).
However, it is important to point out these characteristics do not necessarily associate with
the internal crack being a continuation of the external crack (Table 2). The only external
crack characteristics in the final model associated with the internal crack connecting with the
external crack was the crack connecting to a restoration.

A result that has no immediate explanation is the fact that patients in the South Atlantic
region were less likely to have teeth with internal cracks (OR=0.3). The association
remained at the level of significance (p=0.03) in the final reduced model.

At the crack-level, cracks connecting with a restoration and those extending to the root
surface were associated with increased odds for an internal crack. It would seem logical that
restorations may serve as stress concentrators and potentially wedges that impose tensile
stresses within the tooth during biting and clenching. These stresses could cause cracks to
propagate into the dentin and form internal cracks, though in this study there was no
association between clenching behavior and the presence of an internal crack. One would
also expect that external cracks that are more-extensive in nature, such as those extending to
the root surface, would be more likely to be associated with internal cracks (3).

The strengths of this study are its large sample size and diversity of the patient population.
Another strength is the fact that it was conducted in dental practices under routine dental
practice conditions, and that it allowed for the assessment of both external and internal
cracks in the same population of teeth, something that has never before been described in
such an extensive manner. The limitations of the study are that the overall number of patients
treated to allow internal crack observation represented only a subset of the total pool
(n=435), that the number of external cracks that could be verified as continuing directly to
an internal cracks was an even smaller subset (n=100), and that the overall crack number
may be underestimated due to some cracks being non-observable.

This study provides a practical guide in suggesting that the external cracks that a dental
practitioner should be most concerned about, as they are most likely to be associated with
internal cracks not observable during an examination of the intact tooth, are those in which
the patient experiences biting pain, is connected with a restoration of some type, and extends
onto the root of the tooth. Furthermore, an externally observable crack that connects with a
restoration is more likely to be continued directly as an internal crack, and this is more likely
to involve both the enamel and dentin.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Distribution according to source of symptoms among 298 symptomatic teeth.
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Figure 2:
Distribution of 435 treated teeth according to number of internal cracks.
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Figure 3.

Independently associated external crack characteristics for 126 teeth with 1 external crack
and 1 internal crack that was a continuation of the external crack (N=100)
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Table 1.

Page 14

Associations (odds ratios) of patient-, tooth-, and external crack-level characteristics with presence of one or

more internal cracks within 435 treated1 cracked teeth.

Adjusted cluster-only2 Full model3 Final (reduced) model4

Characteristic Odds Ratio p-value Odds Ratio | p-value Odds Ratio 95% Confidence p-value
Interval

Biting pain 2.6 .002 2.4 .004 2.6 1.4-4.8 .002
Female 1.9 .048 1.9 071 X X X
South Atlantic region 0.3 .037 0.4 .058 0.3 0.2-0.8 .04
Caries present on tooth 0.5 .042 0.5 .064 X X X
External crack connects with 2.2 .037 2.1 .047 2.1 1.2-4.0 .04
restoration
External crack extends to root 3.6 .007 34 .021 3.1 0.9-10.5 .02
External crack involves 2.3 .021 2.7 17 X X X
occlusal surface
External crack involves >1 2.2 .028 0.9 .8 X X X
surface

1 . . - .
Restored and/or endodontically treated allowing the ability to assess presence of internal cracks

All characteristics that were associated with cracked tooth having an internal crack at p<0.05 after adjustment for clustering within practitioner

using GEE are listed.

Full model: All characteristics that were associated with cracked tooth being symptomatic at p<0.05 after adjustment for clustering within

practitioner using GEE were included in the model.

Reduced model: Using GEE, starting with the full model, backwards elimination was used, removing one characteristics at a time, starting with
highest p-value, retaining only characteristics with p < 0.05.

5 I L
X: not significant, p>0.05, not retained in reduced
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Characteristics of external cracks that are directly continued as an internal crack for teeth with only one

internal crack.

Table 2.

Continuation of external crack
No (N=26) Yes (N=100) | Adjusted
Characteristic N % N % P
Has an external crack that ...
Is detectable with explorer 11 42% 67 67% 0.02
Connects with a restoration | 11 42% 70 70% | g.02**
Mesial 6 23% 45 45% 0.04
Occlusal 8 31% 57 57% 0.047
Has internal crack that ...
Is stained 10 38% 65 65% | 0.01%*
Involves enamel 18 69% 96 96% 0.01
Involves enamel & dentin 13 50% 77 7% | g.02**
Involves dentin only 8 31% 4 4% 0.01
Independent OR | 95% ClI P
Has an external crack that ...
Connects with a restoration | 2.4 | 1.0-5.0 | 0.047
Has internal crack that ...
Is stained 2.7 | 1.2-6.0 | 0.028
Involves enamel & dentin 3.4 | 1.3-8.7 | 0.039

Aok

independently associated in the final model
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