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KEYWORDS Abstract Background/purpose: Early diagnosis of vertical root fracture (VRF) has been a

Clinical associated great challenge. Since there is no single specific etiology identified, prevention of VRFs in
factors; endodontically treated teeth is quite difficult. The study aimed to evaluate the clinical asso-

Dental procedures; ciated factors of VRFs.

latrogenic risk Materials and methods: A retrospective observational study of medical charts was conducted
factors; in the Department of Endodontics of Taipei Medical University Hospital in Taiwan from January

Tooth characteristics; 2012 to July 2018. Logistic regression model was performed to determine the association be-

Vertical root tween VRF and its clinical associated factors, inclusive of the tooth characteristics (age,
fractures gender and tooth type) and iatrogenic risk factors (history of root canal treatment, restoration

and post).

Results: A total of 359 teeth were included in the study. The prevalence of VRF on a tooth basis
was 18.7%. The result showed that age of more than 50 years (adjusted OR = 3.20, 95% Cl: 1.81
—5.64, p < 0.001) had significant higher risk of VRFs than those of less than 50 years. The sub-
jects of molars (adjusted OR = 4.31; 95%Cl = 2.24—8.27; P value <0.001) and premolars
(adjusted OR = 2.61; 95%Cl = 1.16—5.86; P value = 0.021) had significant higher risk of VRFs
than those of incisors. However, other variables such as gender, history of root canal treat-
ment, restoration and post had no significant association with the VRF.
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Conclusion: Age and tooth type are significant clinical associated factors of VRF. In the pres-
ence of these factors as well as predominant diagnostic factors, clinical practitioners should
be aware of the possible diagnosis of VRFs.

© 2019 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

Introduction

Vertical root fracture (VRF) is a type of longitudinal tooth
fractures. The fracture is initiated from any level in the
root and propagates along the long axis of the root. It is
usually directed buccolingually and may involve one prox-
imal surface or both proximal surfaces.’

Failures of endodontic treatments resulted from VRFs
are not rare.” Early diagnosis of VRFs may be difficult since
the clinical and radiographic characteristics of VRFs are
often similar to other commonly seen pathosis, such as
periodontal diseases or true endodontic failures.> Although
cone-beam computed tomography (CBCT) has been pro-
posed as a noninvasive diagnostic tool for VRFs, there is still
insufficient evidence to show that CBCT is accurate enough
in detecting VRFs in endodontically treated teeth.*> Delay
in the detection of VRFs may lead to frustrating situations
for both clinical practitioners and patients, as the symp-
toms persist because of ineffective treatments.

To know VRFs better, many studies were conducted with
regard to the possible associated factors of VRFs. Most VRFs
occur in endodontically treated teeth and in patients aged
over 40 years.®” Roots with narrower dimension in mesio-
distal than buccolingual are more prone to VRFs. The most
susceptible teeth are maxillary and mandibular premolars,
the mesial roots of the mandibular molars, the mesiobuccal
roots of the maxillary molars, and the mandibular incisors.®
Other suggested clinical associated factors of VRFs include
the loss of tooth structure due to extensive caries or
trauma, removal of substantial amounts of root dentin
during the endodontic and restorative procedures, exces-
sive force during lateral compaction of gutta-percha and
placement of threaded and tapered posts.'®""

Owing to the diagnostic challenges of VRFs, our recent
study clarified the clinical diagnostic factors associated
with VRFs and showed that radiological image of J-shaped
or “halo” radiolucency, periodontal pocket depth >5mm,
sinus tract and periodontal swelling or abscess are pre-
dominant diagnostic factors of VRFs.'? Apart from these
clinical diagnostic factors, clinical associated factors should
also be fully assessed. The purpose of this study was to
analyze the possible clinical associated factors of teeth
with VRF found in endodontic surgery.

Materials and methods
Sample and data collection

A retrospective observational study of medical charts was
conducted in the Department of Endodontics of Taipei

Medical University Hospital (TMUH) in Taiwan. The data
were collected from the cohort of patients who were sur-
gically treated under the microscope from January 2012 to
July 2018. This study was approved by the Institutional
Review Board of Taipei Medical University (IRB number:
N201905016).

Inclusion and exclusion criteria

Patients were included in the study when they had
endodontically treated teeth with persistent signs and
symptoms, and received endodontic microsurgery. Teeth
with incomplete clinical or radiographic information were
excluded from the analysis.

Measurements of variables

According to the criteria described above, a total of 359
teeth from 275 patients were included. All 275 patients were
referred from either dental clinics or other divisions of
TMUH. During the surgical procedure, the root surface was
dyed with methylene blue and inspected with the micro-
scope to identify the exact etiology of treatment failure.

The clinical and radiographic data were obtained from
the electronic medical record and digital radiograph data-
base. The following parameters were documented for each
subject: (1) age; (2) gender; (3) tooth: tooth type (incisors,
canine, premolars or molars) and tooth location (maxillary or
mandibular); (4) history of root canal treatment (nonsurgical
root canal treatment only or combined with surgical treat-
ment); (5) restoration: presence or absence of restoration,
type of the restoration (direct restoration including amalgam
and composite resin restorations or cuspal coverage pros-
thesis including crown and bridge) and the role of the tooth
in the restoration (abutment for a single crown, abutment
for a fixed partial denture or abutment for a removable
partial denture); (6) post: presence or absence of post, type
of the post (casting post, screw post, prefabricated metal
post or fiber post) and apical extension of the post (coronal,
middle or apical portion of the root).

Statistical analysis

Pearson’s chi-square test was used to evaluate the re-
lationships between the outcome/dependent variable (the
presence of VRF in the teeth) and various independent
variable (the demographic factor and clinical factors). The
prevalence of VRF in endodontic surgery was used as the
key outcome variable. As the dependent variable was
dichotomous (having VRF/not having VRF), a binary logistic
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regression model was performed to determine the associ-
ation between VRF and its clinical associated factors such
as the tooth characteristics (age, gender and tooth type)
and iatrogenic risk factors in dental procedures (history of
root canal treatment, restoration and post). A test was
considered statistically significant if its two-tailed P-value
was <0.05. Odds ratio (OR) and 95% confidence intervals
(95%Cl) were considered, and the data were analyzed using
the IBM SPSS Software Windows version 22.0.

Results
Characteristics of subjects

A total of 359 subjects/teeth from 275 patients were
included in the data analysis. There were 215 females
(59.9%) and 144 males (40.1%) among the teeth; the mean
age of the teeth was 44.8 years (standard deviation: 13.2
years; range: 20—84 years). Sixty-seven teeth with VRF
were detected in 62 patients (18.7% of the prevalence of
VRFs on a tooth basis and 22.5% on a patient basis).

The determinants of the prevalence of VRF

Age-stratified prevalence of VRFs in relation to gender was
presented in Table 1. The highest prevalence of VRFs of all
teeth was in the group of 80—89 years (75%), followed with
the group of 50—59 years (31.1%), the group of 70—79 years
(25%) and the group of 60—69 years (22.9%). The data
showed that age group was significant associated with the
prevalence of VRFs (p < 0.001, Pearson 2 Test). Further
with a cutoff point of 50 years, it showed the teeth of more
than 51 years had much higher significant prevalence of
VRFs than those of less than 50 years (31.9% and 12.6%
respectively, p < 0.001, Pearson ? Test, Table 2).

There was no significant distribution difference in the
prevalence of VRFs between female and male (17.2% and
20.8% respectively, p value = 0.388, Pearson x? Test,
Table 2). Further age-stratified analysis, the highest prev-
alence of VRFs of female was in the group of 50—59 years
(39.0%), followed with the group of 70—79 years (28.6%),
and the group of 60—69 years (20.0%). The most susceptible
age of VRFs of male was in the group of 80—89 years
(100.0%), followed with the group of 60—69 years (26.7%),
and the group of 50—59 years (21.2%) (Table 1).

In terms of tooth type, the most susceptible one to VRFs
was the molars (33.7%), followed with premolars (25.0%),
canine (23.8%) and incisors (10.6%) (Table 1). The data
showed the factor of tooth type was highly statistic signif-
icant associated with the prevalence of VRFs (p <0.001,
Pearson 2 Test, Table 2).

Associations between the presence of VRFs and several
interested independent variables were further analyzed
using a binary logistic regression model (Table 3). In univar-
iate analysis, the subjects of older than 51 years (crude
OR = 3.24, 95% Cl: 1.88—5.60, p <0.001) had significantly
higher risk of VRFs than those of less than 50 years. The
subjects of molars (crude OR = 4.28, 95% Cl: 2.27—8.07,
p<0.001) and premolars (crude OR=2.80, 95% CI:
1.27—6.17, p = 0.010) had significantly higher risk of VRFs
than those of incisors. In addition, other variables such as
gender, tooth location (maxillary/mandibular), history of
root canal treatment, type of the restoration and type of the
post were not significantly associated with the presence of
VRFs. These significantly independent variables in the uni-
variate model were further considered and included in the
multivariable model.

The result showed that age of more than 50 years
(adjusted OR = 3.20, 95% Cl: 1.81—5.64, p < 0.001) had sig-
nificant higher risk of VRFs than those of less than 50 years.
As well as the subjects of molars (adjusted OR = 4.31; 95%
Cl = 2.24-8.27; P value <0.001) and premolars (adjusted
OR = 2.61; 95%Cl = 1.16—5.86; P value = 0.021) had signif-
icant higher risk of VRFs than those of incisors, whereas
canines (adjusted OR =2.28; 95%Cl=0.74-7.05; P
value = 0.154) had no significant higher risk of VRFs.

The study further evaluated the susceptible root sites of
VRFs in molars (Table 4). In 28 molars with VRFs, one tooth
had fracture in both mesiobuccal and distobuccal roots of
maxillary molar. Therefore, 29 root sites were included into
calculation. The result indicated that the most susceptible
sites of VRFs in molars were mesiobuccal roots of maxillary
molars (15/16, 93.7%) and mesial roots of mandibular mo-
lars (9/13, 69.2%).

Discussion

Due to the difficulties of case collection, most published
literature regarding VRFs were case reports in the
1970s.">' In recent years, various quantitative studies

Table 1  Age-stratified Prevalence (%) of Vertical Root Fractures in relation to Gender and Tooth type (N = 359).

VRF Total Age Pearsony

ey 20-29  30-39 40—49 50—59 60-69  70-79  80-89 Iest

All 67/359 (18.7) 1/35 (2.9) 17/112 (15.2) 12/87 (13.8) 23/74 (31.1) 8/35 (22.9) 3/12 (25.0) 3/4 (75.0) <0.001%
Female  37/215 (17.2) 0/23 (0.0) 9/68 (13.2)  6/55 (10.9) 16/41 (39.0) 4/20 (20.0) 2/7 (28.6) 0/1 (0.0) 0.001°
Male 30/144 (20.8) 1/12 (8.3) 8/44 (18.2) 6/32 (18.8) 7/33 (21.2) 4/15 (26.7) 1/5 (20.0) 3/3 (100.0) 0.041°

Tooth type
Incisors  22/207 (10.6) 1/24 (4.2) 6/67 (9.0) 4/53 (7.5) 9/38 (23.7) 2/17 (11.8) 0/7 (0.0) 0/1 (0.0) 0.144
Canine  5/21 (23.8) — 1/3 (33.3) 1/9 (11.1) 1/3 (33.3) 1/4(25.0) 0/1 (0.0) 1/1 (100.0) 0.465
Premolars 12/48 (25.0) 0/5 (0.0) 2/9 (22.2) 3/15 (20.0) 4/9 (44.4) 1/8 (12.5) 2/2 (100.0) — 0.065
Molars 28/83 (33.7) 0/6 (0.0) 8/33 (24.2) 4/10 (40.0) 9/24 (37.5) 4/6 (66.7) 1/2 (50.0) 2/2 (100.0) 0.067

2 A test was considered statistically significant if its two-tailed P-value was <0.05.
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Table 2 Prevalence distribution of the vertical root fractures in relation to the independent variables (N = 359).
Total (%) Prevalence of VRF (%) P Value (Pearson %2 Test)
All teeth 359 (100.0) 67/359 (18.7) =
Age
<50 246 (68.5) 31/246 (12.6) <0.001°
>51 113 (31.5) 36/113 (31.9)
Gender
Female 215 (59.9) 37/215 (17.2) 0.388
Male 144 (40.1) 30/144 (20.8)
Tooth type
Incisors 207 (57.7) 22/207 (10.6) <0.001°
Canine 21 (5.8) 5/21 (23.8)
Premolars 48 (13.4) 12/48 (25.0)
Molars 83 (23.1) 28/83 (33.7)
Tooth location
Maxillary 269 (74.9) 46/269 (17.1) 0.189
Mandibular 90 (25.1) 21/90 (23.3)
History of root canal treatment
Non-surgical 336 (93.6) 60/336 (17.9) 0.134
Non-surgical + surgical 23 (6.4) 7/23 (30.4)
Type of the restoration
Direct restoration 100 (27.9) 13/100 (13.0) 0.087
Cuspal coverage prosthesis 259 (72.1) 54/259 (20.8)
Role of tooth in the prosthesis
Abutment for a single crown 192 (74.1) 41/192 (21.4) 0.841
Abutment for a splinted fixed 66 (25.5) 13/66 (19.7)
partial denture
Abutment for a removable 1 (0.4) 0/1 (0.0)
partial denture
Presence or absence of post
Presence 181 (50.4) 32/181 (17.7) 0.630
Absence 178 (49.6) 35/178 (19.7)
Type of the post
Casting post 124 (68.5) 20/124 (16.1) 0.079
Screw post 21 (11.6) 7/21 (33.3)
Prefabricated metal post 23 (12.7) 5/23 (21.7)
Fiber post 13 (7.2) 0/13 (0.0)
Apical extension of the post
Coronal third 47 (26.0) 10/47 (21.3) 0.685
Middle third 118 (65.2) 20/118 (16.9)
Apical third 16 (8.8) 2/16 (12.5)

@ A test was considered statistically significant if its two-tailed P-value was <0.05.

were conducted to evaluate the prevalence and associated
factors of VRFs.®'%">1® Owing to the diagnostic challenge,
our recent quantitative research clarified the associated
clinical diagnostic factors of VRFs by means of inferential
statistics and the clinical associated factors of VRFs were
further investigated in this successive study.

Previous studies have shown that the prevalence of VRFs
in endodontically treated teeth ranged from 7.2% to
20%."77%% In our cases, the prevalence of VRFs was 18.7%,
which was a little bit higher among these studies. This
result may be explained by the fact that other common
reasons for tooth extraction in endodontically treated
teeth, e.g., nonrestorable caries, orthodontic and pros-
thetic considerations, were already excluded because most
patients in our study were referred for further treatment of
endodontically treated teeth with persistent signs and

symptoms. Moreover, the use of the dental operating mi-
croscope can aid the detection of VRFs. However, it was
unable to demonstrate the overall prevalence of VRFs by
this retrospective study because of the relatively small
sample size and exclusion of nonendodontically treated
teeth and those which were extracted without surgical
exploration.

Patients older than 50 years were 3.2 times more risky to
suffer from VRFs than their younger counterparts. The
result seems to be consistent with other retrospective
studies which found VRFs occur more frequently in patients
aged over 40 years.® ° Possible explanations for this phe-
nomenon may be loss of tooth structure due to previous
restorative or endodontic procedures, a longer period of
loading, and the reduction in fracture toughness of
dentin.?"%2
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Table 3 The main parameters considered and significance for association with the prevalence of vertical root fractures via a
binomial logistic regression model (N = 359).

Univariate model

Multivariate model

Crude OR P value Adjusted OR P value
(95%Cl) (95%Cl)
Age
<50 Ref. <0.001 Ref. <0.001°
>51 3.24 (1.88—5.60) 3.20 (1.81-5.64)
Gender
Female Ref. 0.388 = =
Male 1.27 (0.74-2.16)
Tooth type
Incisors Ref. Ref.
Canine 2.63 (0.88—7.87) 0.084 2.28 (0.74—7.05) 0.154
Premolars 2.80 (1.27—6.17) 0.010% 2.61 (1.16—5.86) 0.0212
Molars 4.28 (2.27—-8.07) <0.001° 4.31 (2.24-8.27) <0.001°
Tooth location
Maxillary Ref. — —
Mandibular 1.48 (0.82—2.64) 0.191
History of root canal treatment
Non-surgical Ref.
Non-surgical + Surgical 2.01 (0.79-5.11) 0.141 = =
Type of the restoration
Direct restoration Ref.
Cuspal coverage prosthesis 1.76 (0.92—3.40) 0.090 = =
Presence or absence of post
Absence Ref. 0.630 = =
Presence 0.88 (0.52—1.49)

@ A test was considered statistically significant if its two-tailed P-value was <0.05.

Table 4 Sites of vertical root fractures in molars
(N =29).2

Molars Sites Total (%)

Maxillary Mesiobuccal root 15 (93.7)
Distobuccal root 1(6.3)
Subtotals 16 (100)

Mandibular Mesial root 9 (69.2)
Distal root 4 (30.8)
Subtotals 13 (100)

2 One tooth had fracture in both mesiobuccal and distobuccal
roots.

Our results also showed that the association between
gender and VRFs was not significant. A few studies have
demonstrated a higher prevalence of VRFs in endodonti-
cally treated teeth of females.” % In contrast, males have
been more frequently reported VRFs in nonendodontically
treated teeth.">"®

Garcia-Guerrero et al. found that the teeth subjected to
endodontic retreatment had higher risks of VRFs compared
to those subjected to primary root canal treatment.?*
Karygianni et al. reported a higher prevalence of VRFs in
the teeth subjected to the combination of conventional
root canal retreatment and apical surgery.” Riis et al.
showed no significant difference in long-term teeth survival

between surgical or nonsurgical retreated cases, but with
the presence of posts in teeth, nonsurgical retreated cases
seemed to be more prone to VRFs than surgically treated
ones.?® However, no significant association was found be-
tween the history of root canal treatment and VRFs in this
study. Although some studies showed retreatment proced-
ures may cause defects on root canal walls or crack initia-
tion in apical dentin and result in VRFs,?¢~ %% it is difficult to
determine whether VRFs occurred before or after the
retreatment procedures in this study because most teeth
were subjected to conventional root canal retreatment
prior to endodontic microsurgery not long ago. With the
advancement of endodontic instruments and the aid of the
microscope, the association between the history of root
canal treatment and VRFs may need further investigation.
In accordance with previous studies, no correlation was
found between the type of restorations and VRFs in this
study.®'® However, Seo et al. stated that the type of
restoration materials rather than the size of the restora-
tions or the classification of the cavity may play an impor-
tant role in the occurrence of VRFs and recommended the
use of bonded material such as resin or porcelain.?’
Biomechanical experiments revealed that high tensile
stresses and regions of stress concentrations in the
remaining dentin structure result in increased predilection
of VRFs in teeth with the post.® However, the presence of
the post, the type of the post and the apical extension of
the post were not significantly associated with VRFs in this
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Figure 1

(A) Periapical radiograph of a maxillary right first molar with a 9 mm periodontal pocket at mesiobuccal site and a sinus

tract at buccal gingiva. Vertical root fracture was highly supected. (B) Gutta-percha point tracing the sinus tract to the periapical
region of the mesiobuccal root of the maxillary right first molar. (C) A fracture line was identified on the mesiobuccal root of the
maxillary right first molar during the exploratory surgery and therefore verified the diagnosis of vertical root fracture.

study. Liao et al. and Garcia-Guerrero et al. also reported
no significant association between the presence of post and
VRFs.'®2* The relationship between post and VRFs were
investigated in numerous ex vivo studies. Fiber posts were
shown to have better fracture resistance than metal posts
because of its similar modulus of elastic to dentin.'"3":3% |n
this study, 13 (7.2%) fiber posts were observed in the root
canals and none of these teeth, all of which were incisors,
were found VRFs. Some ex vivo studies have shown that the
apical extension of the post does not affect the fracture
resistance of the restored teeth,*** while some other
studies suggested that the length of the post extension at
least equal to that of the clinical crown and the post should
not extend beyond two-thirds of the root length to avoid
stress concentration in the apical region.*>:*¢ Other factors,
such as post diameter, post design, post fitting, core ma-
terial, luting cement and direction of masticatory forces
were also discussed in a variety of ex vivo and in vitro
studies. Due to the limited number of in vivo studies and
long-term randomized clinical trials, there are still con-
troversies regarding the optimal choice of the post in
endodontically treated teeth.

It is of interest to note that the anatomical character-
istics of the root seem to play a more important role in VRFs
than the presence of the post. Consistent with previous
studies, the highest prevalence of VRFs was in molars and
followed by premolars.”>®"'> In molars, the most susceptible
roots were mesiobuccal roots of maxillary molars (Fig. 1)
and mesial roots of mandibular molars (Table 4), which
were in agreement with previous observations.®'>'® Finite
element analysis models have indicated that the canal
shape was the most important factor of tensile-stress dis-
tribution.®” A reduced radius of curvature presented in the
buccal and lingual aspects of the oval root canal leads to
higher stress concentration, and is therefore predisposed to
VRFs. Also, the heavier occlusal force of premolars and
molars may be another predisposing factor. Ferrario et al.
showed significantly larger bite forces were found in molars
and premolars, while the bite forces increased along the
arch from incisors to molars.>®

In conclusion, VRFs occurred more often in patients
older than 50 years and in molars and premolars. In the
presence of these associated factors as well as predominant
diagnostic factors mentioned in our recent study,'? clini-
cians should be aware that VRFs may be the possible cause
of endodontic treatment failures. Still, other clinical

associated factors remained undetermined and more
studies need to be carried out for us to understand VRFs
better.

Declaration of Competing Interest

The authors have no conflicts of interest relevant to this
article.

Acknowledgments

The authors would like to express our most sincere appre-
ciation to all the patients involved in this study and the
physicians and related personnel for their contributions of
surgical cases and assistance with this study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jds.2019.09.003.

References

1. American Association of Endodontists. Endodontics: colleagues
for excellence. Cracking the cracked tooth code: detection
and treatment of various longitudinal tooth fractures. Chi-
caga; IL: American Association of Endodontists, 2008:1—8.

2. Caplan DJ, Weintraub JA. Factors related to loss of root canal
filled teeth. J Public Health Dent 1997;57:31-9.

3. Tamse A. Vertical root fractures in endodontically treated
teeth: diagnostic signs and clinical management. Endod Top
2006;13:84—94.

4. Talwar S, Utneja S, Nawal RR, Kaushik A, Srivastava D,
Oberoy SS. Role of cone-beam computed tomography in diag-
nosis of vertical root fractures: a systematic review and meta-
analysis. J Endod 2016;42:12—24.

5. Chang E, Lam E, Shah P, Azarpazhooh A. Cone-beam computed
tomography for detecting vertical root fractures in endodon-
tically treated teeth: a systematic review. J Endod 2016;42:
177-85.

6. Tamse A, Fuss Z, Lustig J, Kaplavi J. An evaluation of
endodontically treated vertically fractured teeth. J Endod
1999;25:506—8.

7. Cohen S, Berman LH, Blanco L, Bakland L. A demographic
analysis of vertical root fractures. J Endod 2006;32:1160—3.


https://doi.org/10.1016/j.jds.2019.09.003
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref1
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref1
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref1
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref1
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref1
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref2
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref2
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref2
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref3
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref3
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref3
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref3
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref4
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref4
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref4
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref4
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref4
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref5
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref5
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref5
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref5
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref5
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref6
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref6
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref6
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref6
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref7
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref7
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref7

206

L.-T. Hsiao et al

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Testori T, Badino M, Castagnola M. Vertical root fractures in
endodontically treated teeth: a clinical survey of 36 cases. J
Endod 1993;19:87—90.

. PradeepKumar AR, Shemesh H, Jothilatha S, Vijayabharathi R,

Jayalakshmi S, Kishen A. Diagnosis of vertical root fractures in
restored endodontically treated teeth: a time-dependent
retrospective cohort study. J Endod 2016;42:1175—80.

Fuss Z, Lustig J, Katz A, Tamse A. An evaluation of endodon-
tically treated vertical root fractured teeth: impact of opera-
tive procedures. J Endod 2001;27:46—8.

Akkayan B, Giilmez T. Resistance to fracture of endodontically
treated teeth restored with different post systems. J Prosthet
Dent 2002;87:431—7.

See WK, Ho JC, Huang CF, Hung WC, Chang CW. The association
between clinical diagnostic factors and the prevalence of
vertical root fracture in endodontic surgery. J Formos Med
Assoc 2019;118:713—-20.

Linaburg RG, Marshall FJ. The diagnosis and treatment of
vertical root fractures: report of case. J Am Dent Assoc 1973;
86:679—83.

Wechsler SM, Vogel RI, Fishelberg G, Shovlin FE. latrogenic root
fractures: a case report. J Endod 1978;4:251-3.

Chan CP, Lin CP, Tseng SC, Jeng JH. Vertical root fracture in
endodontically versus nonendodontically treated teeth: a
survey of 315 cases in Chinese patients. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1999;87:504—7.

Liao WC, Tsai YL, Wang CY, et al. Clinical and radiographic
characteristics of vertical root fractures in endodontically and
nonendodontically treated teeth. J Endod 2017;43:687—93.
Zadik Y, Sandler V, Bechor R, Salehrabi R. Analysis of factors
related to extraction of endodontically treated teeth. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2008;106:31—5.
Fuss Z, Lustig J, Tamse A. Prevalence of vertical root fractures
in extracted endodontically treated teeth. Int Endod J 1999;
32:283—6.

Coppens CRM, DeMoor RJG. Prevalence of vertical root frac-
tures in extracted endodontically treated teeth. Int Endod J
2003;36:926.

Maddalone M, Gagliani M, Citterio CL, Karanxha L,
Pellegatta A, Del Fabbro M. Prevalence of vertical root frac-
tures in teeth planned for apical surgery. A retrospective
cohort study. Int Endod J 2018;51:969—74.

Nazari A, Bajaj D, Zhang D, Romberg E, Arola D. Aging and the
reduction in fracture toughness of human dentin. J Mech Behav
Biomed Mater 2009;2:550—9.

Arola D, Reprogel RK. Effects of aging on the mechanical
behavior of human dentin. Biomaterials 2005;26:4051—61.
Karygianni L, Krengel M, Winter M, Stampf S, Wrbas KT.
Comparative assessment of the incidence of vertical root
fractures between conventional versus surgical endodontic
retreatment. Clin Oral Investig 2014;18:2015—21.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Garcia-Guerrero C, Parra-Junco C, Quijano-Guauque S,
Molano N, Pineda GA, Marin-Zuluaga DJ. Vertical root fractures
in endodontically-treated teeth: a retrospective analysis of
possible risk factors. J Investig Clin Dent 2018;9:e12273.

Riis A, Taschieri S, Del Fabbro M, Kvist T. Tooth survival after
surgical or nonsurgical endodontic retreatment: long-term follow-
up of a randomized clinical trial. J Endod 2018;44:1480—6.
Shemesh H, Roeleveld AC, Wesselink PR, Wu MK. Damage to root
dentin during retreatment procedures. J Endod 2011;37:63—6.
Topcuoglu HS, Diizgiin S, Kesim B, Tuncay O. Incidence of
apical crack initiation and propagation during the removal of
root canal filling material with ProTaper and Mtwo rotary
nickel-titanium retreatment instruments and hand files. J
Endod 2014;40:1009—12.

Capar ID, Saygili G, Ergun H, Gok T, Arslan H, Ertas H. Effects of
root canal preparation, various filling techniques and retreat-
ment after filling on vertical root fracture and crack formation.
Dent Traumatol 2015;31:302—7.

Seo DG, Yi YA, Shin SJ, Park JW. Analysis of factors associated
with cracked teeth. J Endod 2012;38:288—92.

Kishen A, Asundi A. Photomechanical investigations on post
endodontically rehabilitated teeth. J Biomed Opt 2002;7:
262—70.

Giovani AR, Vansan LP, de Sousa Neto MD, Paulino SM. In vitro
fracture resistance of glass-fiber and cast metal posts with
different lengths. J Prosthet Dent 2009;101:183—8.

Fokkinga WA, Kreulen CM, Vallittu PK, Creugers NHJ. A struc-
tured analysis of in vitro failure loads and failure modes of
fiber, metal, and ceramic post-and-core systems. Int J Pros-
thodont 2004;17:476—82.

Schmitter M, Rammelsberg P, Lenz J, Scheuber S,
Schweizerhof K, Rues S. Teeth restored using fiber-reinforced
posts: in vitro fracture tests and finite element analysis. Acta
Biomater 2010;6:3747—54.

Isidor F, Brendum K, Ravnholt G. The influence of post length
and crown ferrule length on the resistance to cyclic loading of
bovine teeth with prefabricated titanium posts. Int J Pros-
thodont 1999;12:78—82.

Adanir N, Belli S. Evaluation of different post lengths’ effect on
fracture resistance of a glass fiber post system. Eur J Dermatol
2008;2:23—8.

Hunter AJ, Feiglin B, Williams JF. Effects of post placement on
endodontically treated teeth. J Prosthet Dent 1989;62:
166—72.

Lertchirakarn V, Palamara JEA, Messer HH. Patterns of vertical
root fracture: factors affecting stress distribution in the root
canal. J Endod 2003;29:523—8.

Ferrario VF, Sforza C, Serrao G, Dellavia C, Tartaglia GM. Single
tooth bite forces in healthy young adults. J Oral Rehabil 2004;
31:18-22.


http://refhub.elsevier.com/S1991-7902(19)30657-9/sref8
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref8
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref8
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref8
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref9
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref9
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref9
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref9
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref9
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref10
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref10
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref10
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref10
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref11
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref11
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref11
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref11
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref12
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref12
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref12
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref12
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref12
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref13
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref13
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref13
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref13
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref14
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref14
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref14
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref15
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref15
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref15
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref15
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref15
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref16
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref16
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref16
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref16
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref17
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref17
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref17
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref17
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref18
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref18
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref18
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref18
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref19
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref19
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref19
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref20
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref20
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref20
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref20
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref20
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref21
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref21
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref21
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref21
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref22
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref22
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref22
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref23
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref23
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref23
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref23
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref23
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref24
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref24
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref24
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref24
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref25
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref25
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref25
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref25
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref26
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref26
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref26
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref27
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref27
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref27
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref27
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref27
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref27
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref28
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref28
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref28
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref28
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref28
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref29
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref29
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref29
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref30
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref30
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref30
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref30
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref31
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref31
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref31
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref31
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref32
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref32
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref32
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref32
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref32
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref33
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref33
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref33
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref33
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref33
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref34
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref34
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref34
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref34
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref34
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref35
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref35
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref35
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref35
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref36
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref36
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref36
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref36
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref37
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref37
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref37
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref37
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref38
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref38
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref38
http://refhub.elsevier.com/S1991-7902(19)30657-9/sref38

	Analysis of clinical associated factors of vertical root fracture cases found in endodontic surgery
	Introduction
	Materials and methods
	Sample and data collection
	Inclusion and exclusion criteria
	Measurements of variables
	Statistical analysis

	Results
	Characteristics of subjects
	The determinants of the prevalence of VRF

	Discussion
	Declaration of Competing Interest
	Declaration of Competing Interest
	Acknowledgments
	Appendix A. Supplementary data
	References


