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Introduction. Vertical root fractures (VRFs) typically have a poor prognosis with an extraction or occasionally root amputation as
the preferred treatment. VRFs have been considered an epidemic, motivating changes in the access openings, as well as in the
preparation and disinfection protocols of endodontic treatment. Hence, we aimed to evaluate the prevalence of VRFs by tracking
cases in both a University Endodontic Program (UEP) and a private endodontics practice (PP). We also evaluated changes in
prevalence during COVID-19 along with the alterations in the frequency of cases diagnosed by clinical and radiographic signs
which were later confirmed by direct visualization compared to those in which the suspicion was based on clinical and
radiographic signs alone. Methods and Materials. This retrospective study looked at the prevalence of VRF in patient records
at UEP and a PP. Data for the pre-COVID-19 and COVID-19 time periods were extracted from patient records and referral
letters then compared. Data for suspected and confirmed prevalence were compared. Results. The UEP group included 21,156
patients while the PP group comprised 7,209 patients. The prevalence of VRFs in the former cohort was 1.80%, while 2.62% of
the latter cohort exhibited VRFs with a combined total of 2.01%. The combined total prevalence of VRFs pre-COVID-19 was
1.72%, increasing from 2.1% to 3.82% during COVID-19 (p<0:0001). The same applied to suspected cases for both clinical
settings. The increase in confirmed cases between the two periods was statistically significant for the UEP group (p¼ 0:0202) but
it was insignificant for the PP group (p¼ 0:0721). Conclusion. The combined prevalence for VRFs was 2.01% for all years
denying the claim that VRF is a pandemic phenomenon. COVID-19 period saw almost a double increase in the prevalence of
VRF compared to pre-COVID-19 era. This was consequently associated with a significant increase in the number of suspected
VRF cases.

1. Introduction

Longitudinal tooth fractures are clinical conditions that are
difficult to diagnose and manage. They are classified into five
categories including craze lines, fractured cusps, cracked
teeth, split teeth, and vertical root fractures (VRFs) [1]. Com-
plete VRF is defined as a fracture that extends from one
proximal aspect to the opposite side of the root while an
incomplete VRF involves only one side of the root [2].
VRFs are catastrophic incidences and around 7% of failed

nonsurgical treatment cases were due to VRF [3]. Around
11% of root-filled teeth were extracted due to VRF [4].

The etiology of VRF is not fully understood but they are
believed to be related to postplacement and condensation
forces during root canal filling [1, 5–11]. VRFs usually occur
in endodontically treated teeth [12, 13] especially molars
[2, 13]. In theory, microcracks can be generated during end-
odontic procedures or postplacement and may grow over
time due to cyclic loading of the tooth [14, 15]. According
to Moule and Kahler [16], the average time between root
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filling and the appearance of a VRF has been estimated to be
between 39 and 52.5 months with a range variance of 3 days
to 14 years. There have also been case reports of instances
where VRFs occur in nonendodontically treated teeth, par-
ticularly in the elderly Chinese population and in first molars
[1, 6, 17–20].

Although there are certain signs that typically appear
with VRFs, they are difficult to diagnose with only one-third
of general practitioners correctly identifying them [21].
These signs include the history of endodontic treatment,
fracture running faciolingually, postplacement, swelling,
pain upon biting, presence of indirect restoration, and/or
sinus tract in the attached gingiva [2, 6, 13]. About 90% of
VRF cases had dehiscence in the buccal plate [22]. Therefore,
a deep narrow isolated pocket is a strong indicator for a VRF.
Percussion and palpation tests are usually not a strong indi-
cator. However, many of these signs and symptoms are the
same for a primary endodontic disease with drainage
through the periodontal ligament. These signs can only
lead one to suspect that there is a VRF [22]. A systematic
review reported that the most common clinical signs of VRF
were deep narrow pocket and coronally located sinus tract.
The halo appearance was the most common radiographic
sign. However, scientific evidence supporting these clinical
and radiographic signs was lacking [23].

VRFs are difficult to diagnose especially when the seg-
ments are not separated. Presence of root filling negatively
impacted the radiographic detection of VRF [24, 25]. Bone
loss patterns seen in radiographic images may be indicative
of a VRF, and occasionally it is possible to see the fracture on
a periapical radiograph and a cone beam computed tomog-
raphy (CBCT) [2, 6, 13, 26]. For this to be depicted on a
periapical radiograph, the separation would be wide enough
to show that the root is split or the angle of the beam must
line up exactly with the fracture. According to the Nyquist
theorem, for a CBCT to show a VRF, the separation between
the two segments of the fracture must be double the voxel
size for the fracture to be discernable [27]. Due to the variety
of presentations and overlap with “endo-perio” conditions,
direct visualization of the VRF remains the gold standard in
its diagnosis. It is important to understand VRFs compared
to other longitudinal fractures to diagnose and treat them
properly [22].

The primary aim of this study was to evaluate the preva-
lence of VRFs by tracking cases in both a postgraduate pro-
gram and a private endodontics practice (PP). The second
aim of the study was to evaluate the change in prevalence
during COVID-19. The third aim of the study was to evalu-
ate how many of these cases were diagnosed by clinical and
radiographic signs which were later confirmed by direct visu-
alization compared to those in which the suspicion was based
on clinical and radiographic signs alone.

2. Materials and Methods

This retrospective study was conducted within one Univer-
sity Endodontics Program (UEP) and one Private Endodon-
tics Office (PP). Appropriate ethical approval (IRB number

HS-22-00067) was obtained to review the university Axium
records. A search through the electronic records database
was done to identify all notes related to VRFs.

The UEP subset used the following years: January 2011 to
March 2022. Pre-COVID-19 years consisted of records from
January 2011 to December 2019. COVID-19 years consisted
of January 2020 to March 2022. For the PP subset, the dates
started in 2006 and ended at the same time as the UEP subset
in March 2022.

2.1. University Endodontics Program (UEP).Within the data-
base of Axium notes from UEP, only the advanced endodon-
tics department notes were searched for that period of time.
A report on the total number of notes written was run, as
well as the total number of patients seen. The search terms
occurred in the following order: “vertical root fracture,”
“VRF,” “fracture,” “longitudinal root fracture,” “longitudinal
fracture,” “longitudinal crack,” “root fracture,” and “verti-
cal.” After each term was searched, that note was keyworded
accordingly. Once it was keyworded, it was filtered out in
order to examine all remaining notes. This allowed for
unsearched terms containing “vertical” that should have
been written as “vertical root fracture” to be included in
the search. One example of that came up was “vertical root
crack.” There were also occasions where parts of “vertical
root fracture” were misspelled that did not allow them to
be searched with “vertical root fracture.” Thus, it was neces-
sary to search other terms such as “fracture” or “vertical” and
eliminate from there. At the same time, other phrases that
included the word “vertical” could be clearly excluded from
the study such as “warm vertical” and “vertical release.”

Once the data were searched, further classification was
done to determine whether the VRF was suspected, con-
firmed radiographically, visually, surgically, or confirmed
with no fracture present, misdiagnosed, part of an informed
consent, or was a duplicate, indicating that it was the same
patient and same tooth. For example, a consult record and
then an exploratory surgery record on another day. Dupli-
cates were eliminated from the total count.

2.2. Private Endodontics Office (PP). For the PP, the treat-
ment letters were used for the search which was equivalent to
the number of patients seen. A total of 7,209 treatment letters
were searched for a set period of time. These treatment letters
were searched for the keywords “vertical” and “VRF.” All
letters with these keywords were examined for their relation
to VRFs. Only the number of letters related to VRFs was
included into the count of this study. The years examined
were for the total overall in 2006–2022, pre-COVID-19 dur-
ing 2006–2019, and during COVID-19 in 2020–2022.

Once the data were searched, further classification was
done to determine whether the VRF was suspected, con-
firmed radiographically, visually, surgically, or confirmed
with no fracture present.

2.3. Categories

(1) Suspected indicated that the provider suspected the
tooth had a VRF, but the patient decided to proceed
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with endodontic treatment, extract the tooth, or
monitor it.

(2) Confirmed positive (+) indicated that the provider
visually, radiographically, or surgically confirmed
that there was a VRF present.
(i) Confirmed radiographically (PP only) indicated

that there was a clear fracture seen on the digital
periapical radiograph as specified in the treat-
ment letter. For the UEP group, radiographs
were not available. Only a few treatment records
specifically mentioned that the VRF was clearly
seen on the digital periapical radiographs.

(ii) Confirmed visually indicated that in areas of
deep periodontal pocketing, the gingiva was
reflected with an instrument such as the Glick,
and the surface was stained with methylene blue
dye to determine if a crack or fracture existed.

(iii) Confirmed surgically indicated that the patient
was anesthetized, and a flap was laid to visualize
the fracture with methylene blue dye or transil-
lumination. It also may indicate that endodontic
surgery was performed to eliminate the frac-
tured segment.

(3) Confirmed negative (−) indicated that cases were sus-
pected but not present for VRF when looked for
surgically or visually.

2.4. Statistical Analysis.Once all the data were keyworded for
both the UEP and the PP, the prevalence of VRF was calcu-
lated. A one-tailed z-test was performed with a confidence
level of 95%.

3. Results

3.1. Overall Prevalence. Total UEP records reviewedwas 60,733
as opposed to 7,209 patients reports at PP totaling 67,982. The
total number of patients seen for the UEP was 21,156 and 7,209
reports for the PP with a combined total of 28,365 patients or
reports. Regarding the overall prevalence; UEP had a prevalence
rate of 1.80% and the PP had a prevalence rate of 2.62%, for a
combined prevalence rate of 2.01% (Table 1).

3.2. Pre-COVID-19 vs. COVID-19 Prevalence. The total prev-
alence of VRF based on the number of patients was 1.72% pre-
COVID-19, with an increase to 3.82% during COVID-19.
This 2.1% increase was statistically significant (p<0:0001).

3.3. University Endodontics Program: Suspected vs.
Confirmed. For the UEP set, the years for pre-COVID-19
ended in December 2019, while the COVID-19 subset started
in January 2020 and ended in March 2 years later. Within the
UEP database, the prevalence of suspected VRFs was 0.93%
and confirmed with VRF present at 0.69%. Regarding the
COVID-19 period subset, there was an increase in the sus-
pected prevalence from 0.78% to 1.91%, which was statisti-
cally significant (p<0:0001). The cases that were confirmed
to have a VRF saw an increase from 0.65% to 0.99% which
was statistically significant (p¼ 0:0202, Table 2).

3.4. Private Endodontics Office (PP). In general, each treat-
ment letter was associated with one tooth. There were a few
occasions where the treatment letter had multiple teeth
involved. For the PP subset, the years included for
COVID-19 started in January 2020 and went to March
2022. The total records that were reviewed were 7,209 for
all years and 1,018 for the COVID-19 years. The prevalence

TABLE 1: Prevalence of VRF in both clinical settings.

University endodontics program Private endodontics practice
Total (%)

Total number Prevalence (%) Total number Prevalence (%)

All years 21,156 1.80 7,209 2.62 2.01
Pre-COVID-19 18,449 1.52 6,191 2.30 1.72
COVID-19 2,834 3.53 1,018 4.62 3.82

TABLE 2: University endodontics program: prevalence of suspected, confirmed positive, and confirmed negative.

Total count Prevalence
p-ValueAll years

21,156
Pre-COVID-19

18,449
COVID-19

2,834
All years (%) Pre-COVID-19 COVID-19 (%)

Suspected 197 143 54 0.93 0.78 1.91 <0:0001
Confirmed positive 147 119 28 0.69 0.65 0.99 0:0202
Radiographically 10 8 2 0.05 0.04 0.07 0:2676
Visually 52 45 7 0.25 0.24 0.25 0:4840
Surgically 85 66 19 0.40 0.36 0.67 0:0071
Confirmed negative 37 19 18 0.17 0.10 0.64 <0:0001
Total 381 281 100 1.80 1.52 3.53 <0:0001

Bold values signify the significant values (p<0:05).
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of suspected VRF was 1.87% and confirmed with VRF pres-
ent was 0.72%. Regarding the COVID-19 period subset, there
was an increase in the suspected prevalence from 1.62% to
3.44% which was statistically significant. The cases that were
confirmed to have a VRF saw an increase from 0.66% to
1.08% which was not statistically significant (Table 3).

Based on the PP, there was a statistically significant dif-
ference in the pre-COVID-19 and during COVID-19 periods
for the suspected prevalence (p<0:0001) and when sus-
pected and confirmed prevalence (positive and negative)
were combined (p<0:0001). However, when examining the
actual confirmed positive (p¼ 0:0708) and confirmed nega-
tive (p¼ 0:0721) cases, the difference was not statistically
significant (Table 3).

3.5. University Endodontics Program and Private Endodontics
Practice Combined: Suspected vs. Confirmed. When combin-
ing the sources of data, the prevalence for all years was
2.01%. When looking at the change over the years, there
was an increase from 1.72% pre-COVID-19 to 3.82% during
COVID-19 which was statistically significant (p<0:001).
When looking at the suspected prevalence, there was an
increase from 0.99% pre-COVID-19 to 2.31% COVID-19
which was statistically significant. When looking at the con-
firmed positive cases, there was an increase from 0.65% to
1.01% which was statistically significant (p¼ 0:0052, Table 4)

4. Discussion

All the endodontic treatments that this study represented
were performed using standard and advanced endodontic

armamentarium, including microscopy, but did not utilize
minimally invasive techniques such as contracted access,
minimal preparations, or recent disinfection units, such as
Gentlewave. The impact of these factors on the prevalence of
VRF warrants further study.

Theoretically, VRFs start as small microcracks that grow
over time [28]. They have been associated with postplace-
ment and from heavy obturation forces. Maddalone et al. [3]
found that when a post was placed, the prevalence of VRF
increased to 16.2% compared to 1.2% for no post.

Excessive dentin removal during conventional root canal
therapy may cause VRFs [5]. The etiology of the VRF is still
unknown, yet minimally invasive root canal therapy is being
recommended to minimize its prevalence. However, these
changes in access and root canal preparation may lead to pos-
sible missed anatomy, incomplete disinfection, insufficient
obturation, and increased the binding of instruments [29].

There was a difference in the prevalence between the
UEP setting (overall 1.80%) and the PP setting (overall
2.62%). The UEP adopted digital radiography from 2011
which led to differences in the sample size and longer dura-
tion of data collection in the PP group which could explain
the difference in prevalence between the two groups.
Another reason for higher VRF prevalence in PP seemed
to be higher number of retreatment cases being treated com-
pared to an advanced program in dental school. Data from
both the UEP and the PP show an increase in VRFs in all
categories from pre-COVID-19 to COVID-19. This increase
could be associated with the increase in overall stress from
COVID-19. This increase in overall stress may have an

TABLE 3: Private endodontic practice: prevalence of suspected, confirmed positive, and confirmed negative.

Total count Prevalence
p-ValueAll years

7,209
Pre-COVID-19

6,191
COVID-19

1,018
All years

(%)
Pre-COVID-19

(%)
COVID-19

(%)

Suspected 135 100 35 1.87 1.62 3.44 <0:0001
Confirmed positive 52 41 11 0.72 0.66 1.08 0:0721
Radiographically 14 5 9 0.19 0.08 0.88 <0:0001
Visually 25 23 2 0.35 0.37 0.20 0:8106
Surgically 13 13 0 0.18 0.21 0.00 0:9279
Confirmed negative 2 1 1 0.03 0.02 0.10 0:0735
Total 189 142 47 2.62 2.29 4.62 <0:0001

Bold values signify the significant values (p<0:05).

TABLE 4: Overall prevalence suspected and confirmed.

Total Count Prevalence (per patient)
p-Value

All years Pre-COVID-19 COVID-19 All years (%) Pre-COVID-19 (%) COVID-19 (%)

Suspected 332 243 89 1.17 0.99 2.31 <0:0001
Confirmed positive 199 160 39 0.70 0.65 1.01 0:0052
Radiographically 24 13 11 0.08 0.05 0.29 <0:0001
Visually 77 68 9 0.27 0.28 0.23 0:6808
Surgically 98 79 19 0.35 0.32 0.49 0:0446
Confirmed negative 39 20 19 0.14 0.08 0.49 <0:0001
Total 570 423 147 2.01 1.72 3.82 <0:0001

Bold values signify the significant values (p<0:05).
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influence in the masticatory stresses in the patients which
could be a subject for another investigation. Our results
showed that although the duration of the COVID-19 period
was much shorter than the pre-COVID-19 period, preva-
lence of VRF was doubled during the former period com-
pared to the latter. This is of interest as precautions against
COVID-19 might have hampered regular dental treatments
and follow-ups leading to deteriorated oral status.

Limitations of the study included that the prevalence was
evaluated via treatment notes in Axium for UEP or treatment
letters for PP. Both included searches of the “terms” to
retrieve the count. Though the notes were sorted and ana-
lyzed for terms, there are still possibilities where certain notes
may not have been included due to misspellings or variations
of the terms. A prospective study design would overcome
such limitations. The category “suspected” might have
included situations with clinical and radiographic presenta-
tions similar to a VRF such as endo-perio cases with sinus
tract through the PDL. However, patients’ election to treat,
extract, or monitor the case precluded the visual confirma-
tion of the VRF. Hence, these cases were not considered to
exhibit VRF. This might have affected the reported preva-
lence since for the purpose of this study, confirmed cases
were only those in which the VRF was visible on the radio-
graphs, after retraction of the gingiva or after raising a surgi-
cal flap while observation of VRF after extraction was not
accepted as confirmation. This decision was based on the fact
that the extraction procedure itself might induce VRF [2].
Our radiographic assessment was based on digital radio-
graphs because only few cases had CBCT assessments. This
might have reduced the detection rate of VRF in some cases.
Nevertheless, scientific evidence supporting higher ability of
CBCT to precisely detect VRF is still lacking [24].

For the UEP set, there was a total of 21,156 patients with
a total number of 60,773 Axium records. These may have
notes that addressed multiple teeth in one note which could
deflate the prevalence. On the other hand, there may be
multiple VRFs in a patient which could inflate the preva-
lence. Compared to the private practice, the number of
patients matched up with the number of treatment letters.
However, the treatment letters may also have had multiple
teeth included in the letter.

Due to limitations of the study, radiographic confirma-
tion for the UEP set was not available. If the note did not
specify in detail the radiographic findings of a fracture, then
it was not considered radiographically confirmed. Fortu-
nately, the treatment letters from the PP provided images
of clear digital periapical radiographs where the fractures
could be seen leading to a more accurate data point.

It was also noticed when going through the data that
there are some misunderstandings of what a VRF entails.
There were crown-originating cracks and split teeth that
were mislabeled as VRFs. Understanding the definition of a
VRF is paramount to diagnosis and treatment planning.

The literature indicates that the best way to diagnose a
VRF is to visualize it clinically [30]. The results of this study
indicated that a large number of practitioners tend to suspect
the VRF rather than confirm its presence. This study did not

look at what percentage of those suspected went toward
extraction or treatment which could be a future aim for
investigation.

5. Conclusion

VRF was not a common finding from the obtained data. The
prevalence of VRF in the UEP was 1.80% and 2.62% in PP.
The combined prevalence for both settings was 2.01%. There
was an increase in the prevalence of VRFs during COVID-19.
Cracks or crown-originating fractures were difficult to diag-
nose and often confused with VRF. A VRF is a condemning
finding. It is important to confirm that the VRF is present
visually prior to recommending an extraction.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors deny any conflicts of interest related to this
study.

Acknowledgments

This research was self-funded.

References

[1] E. M. Rivera and R. E. Walton, “Longitudinal tooth cracks and
fractures: an update and review,” Endodontic Topics, vol. 33,
no. 1, pp. 14–42, 2015.

[2] S. Patel, B. Bhuva, and R. Bose, “Present status and future
directions: vertical root fractures in root filled teeth,”
International Endodontic Journal, vol. 55, no. S3, pp. 804–
826, 2022.

[3] M. Maddalone, M. Gagliani, C. L. Citterio, L. Karanxha,
A. Pellegatta, and M. Del Fabbro, “Prevalence of vertical root
fractures in teeth planned for apical surgery. A retrospective
cohort study,” International Endodontic Journal, vol. 51,
no. 9, pp. 969–974, 2018.

[4] Z. Fuss, J. Lustig, and A. Tamse, “Prevalence of vertical root
fractures in extracted endodontically treated teeth,” Interna-
tional Endodontic Journal, vol. 32, no. 4, pp. 283–286, 1999.

[5] D. Clark and J. Khademi, “Modern molar endodontic access
and directed dentin conservation,” Dental Clinics of North
America, vol. 54, no. 2, pp. 249–273, 2010.

[6] W.-C. Liao, C.-H. Chen, Y.-H. Pan, M.-C. Chang, and
J.-H. Jeng, “Vertical root fracture in non-endodontically and
endodontically treated teeth: current understanding and future
challenge,” Journal of Personalized Medicine, vol. 11, no. 12,
Article ID 1375, 2021.

[7] G. Obermayr, R. E. Walton, J. M. Leary, and K. V. Krell,
“Vertical root fracture and relative deformation during
obturation and post cementation,” The Journal of Prosthetic
Dentistry, vol. 66, no. 2, pp. 181–187, 1991.

[8] D. L. Pitts, H. E. Matheny, and J. I. Nicholls, “An in vitro
study of spreader loads required to cause vertical root fracture
during lateral condensation,” Journal of Endodontics, vol. 9,
no. 12, pp. 544–550, 1983.

International Journal of Dentistry 5



[9] D. L. Pitts and E. Natkin, “Diagnosis and treatment of vertical
root fractures,” Journal of Endodontics, vol. 9, no. 8, pp. 338–
346, 1983.

[10] R. S. Ross, J. I. Nicholls, and G. W. Harrington, “A
comparison of strains generated during placement of five
endodontic posts,” Journal of Endodontics, vol. 17, no. 9,
pp. 450–456, 1991.

[11] A. Tamse, “Iatrogenic vertical root fractures in endodontically
treated teeth,” Endodontics & Dental Traumatology, vol. 4,
no. 5, pp. 190–196, 1988.

[12] A. Tamse, “Vertical root fractures in endodontically treated
teeth: diagnostic signs and clinical management,” Endodontic
Topics, vol. 13, no. 1, pp. 84–94, 2006.

[13] I. Alaugaily and A. A. Azim, “CBCT patterns of bone loss and
clinical predictors for the diagnosis of cracked teeth and teeth
with vertical root fracture,” Journal of Endodontics, vol. 48,
no. 9, pp. 1100–1106, 2022.

[14] S. S. Bal, S. Pare, A. Unnikrishnan, D. Shetty, H. G. Kumar,
and M. Ragher, “Detection of dentinal microcracks in
radicular dentin after shaping with XP-endo shaper, neoendo
flex files, and hero shaper using scanning electron microscope:
an in vitro study,” Journal of Pharmacy & BioAllied Sciences,
vol. 12, no. Suppl 1, pp. S259–S263, 2020.

[15] V. Singh, V. Nikhil, and P. Bansal, “Induction of dentinal
microcracks during posts pace preparation: a comparative
microcomputed tomography study,” Journal of Conservative
Dentistry, vol. 21, no. 6, pp. 646–650, 2018.

[16] A. J. Moule and B. Kahler, “Diagnosis and management of
teeth with vertical root fractures,” Australian Dental Journal,
vol. 44, no. 2, pp. 75–87, 1999.

[17] C.-P. Chan, C.-P. Lin, S.-C. Tseng, and J.-H. Jeng, “Vertical
root fracture in endodontically versus nonendodontically
treated teeth: a survey of 315 cases in Chinese patients,” Oral
Surgery, Oral Medicine, Oral Pathology,Oral Radiology,
vol. 87, no. 4, pp. 504–507, 1999.

[18] C.-P. Chan, S.-C. Tseng, C.-P. Lin, C.-C. Huang, T.-P. Tsai,
and C. C. Chen, “Vertical root fracture in nonendontically
treated teeth—a clinical report of 64 cases in chinese patients,”
Journal of Endodontics, vol. 24, no. 10, pp. : 678–681, 1998.

[19] W.-C. Liao, Y.-L. Tsai, C.-Y. Wang et al., “Clinical and
radiographic characteristics of vertical root fractures in
endodontically and nonendodontically treated teeth,” Journal
of Endodontics, vol. 43, no. 5, pp. 687–693, 2017.

[20] S.-F. Yang, E. M. Rivera, and R. E. Walton, “Vertical root
fracture in nonendodontically treated teeth,” Journal of
Endodontics, vol. 21, no. 6, pp. 337–339, 1995.

[21] A. Tamse, Z. Fuss, J. Lustig, and J. Kaplavi, “An evaluation of
endodontically treated vertically fractured teeth,” Journal of
Endodontics, vol. 25, no. 7, pp. 506–508, 1999.

[22] J. P. Lustig, A. Tamse, and Z. Fuss, “Pattern of bone resorption
in vertically fractured, endodontically treated teeth,” Oral
Surgery, Oral Medicine, Oral Pathology Oral Radiology,
vol. 90, no. 2, pp. 224–227, 2000.

[23] I. Tsesis, E. Rosen, A. Tamse, S. Taschieri, and A. Kfir,
“Diagnosis of vertical root fractures in endodontically treated
teeth based on clinical and radiographic indices: a systematic
review,” Journal of Endodontics, vol. 36, no. 9, pp. 1455–1458,
2010.

[24] E. Chang, E. Lam, P. Shah, and A. Azarpazhooh, “Cone-beam
computed tomography for detecting vertical root fractures in
endodontically treated teeth: a systematic review,” Journal of
Endodontics, vol. 42, no. 2, pp. 177–185, 2016.

[25] S. Talwar, S. Utneja, R. R. Nawal, A. Kaushik, D. Srivastava,
and S. S. Oberoy, “Role of cone-beam computed tomography
in diagnosis of vertical root fractures: a systematic review and
meta-analysis,” Journal of Endodontics, vol. 42, no. 1, pp. 12–
24, 2016.

[26] E. T. R. Farmakis, C. Konstandinidis, and S. Damaskos, “Cone
beam computed tomography imaging as a diagnostic tool in
determining root fracture in endodontically treated teeth,”
Saudi Endodontic Journal, vol. 2, no. 1, pp. 22–28, 2012.

[27] P. Wang, X. B. Yan, D. G. Lui, W. L. Zhang, Y. Zhang, and
X. C. Ma, “Detection of dental root fractures by using cone-
beam computed tomography,” Dentomaxillofacial Radiology,
vol. 40, no. 5, pp. 290–298, 2011.

[28] M. A. Versiani, E. Souza, and G. De-Deus, “Critical appraisal
of studies on dentinal radicular microcracks in endodontics:
methodological issues, contemporary concepts, and future
perspectives,” Endodontic Topics, vol. 33, no. 1, pp. 87–156,
2015.

[29] G. Rover, C. O. de Lima, F. G. Belladonna et al., “Influence of
minimally invasive endodontic access cavities on root canal
shaping and filling ability, pulp chamber cleaning and fracture
resistance of extracted human mandibular incisors,” Interna-
tional Endodontic Journal, vol. 53, no. 11, pp. 1530–1539,
2020.

[30] R. E. Walton, “Vertical root fracture: factors related to
identification,” The Journal of the American Dental Associa-
tion, vol. 148, no. 2, pp. 100–105, 2017.

6 International Journal of Dentistry




