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Introduction: The aim was to analyze the morphological changes of root apex in anterior teeth with periapical

Methods: 32 untreated anterior teeth with periapical periodontitis were enrolled, compared with the healthy con-
tralateral teeth. Two-dimensional measurement of Cone-beam computed tomography was used to determine the
location and measure diameter of the apical constriction according to Schell's methods. An open-source software (3D
Slicer) was used to reconstruct the teeth. The apical constriction form was analysis according to Schell’s topography.
The distances of apical constriction to apical foramen and anatomical apex were measured respectively.

Results: The difference value between buccolingual and mesiodistal diameter was (0.06 +0.09) mm and

(0.04 £0.04) mm in periapical periodontitis and controls (p < 0.05). The mean distance between apical constriction
and anatomical apex was significantly shorter in periapical periodontitis than controls, so was the mean distance of
apical constriction to apical foramen. The most common form of apical constriction was flaring (65.6%) in periapical

Conclusions: The anterior teeth with periapical periodontitis had shorter distances of apical constriction to anatomi-
cal apex and apical foramen, bigger disparities between the diameters of buccolingual and mesiodistal, and higher

Keywords: Periapical periodontitis, Anterior teeth, Cone-beam computed tomography, 3D reconstruction, Root apex

Introduction

Periapical periodontitis (AP) is one of the most com-
mon dental diseases in clinical work [1, 2]. It could cause
periapical tissues destruction, hard tissue resorption,
and local inflammation. The main clinical symptoms
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are swelling, pain, tenderness and sinus tract formation.
Increased inflammation may promote more obvious
bone resorption and the formation of radicular cysts [3].
If an apical periodontitis developed into a cyst, root canal
therapy might not be sufficient. Sometimes, apicectomy
or even extraction of the affected teeth could be required
[4]. On the other hand, recent studies have found that
AP was associated with cardiovascular diseases, diabetes
mellitus and coronary heart disease [5, 6]. Numerous epi-
demiological studies have investigated the incidence of
AP, ranged from 27 to 64% [2, 7, 8].
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As the end of the root canal, apical foramen communi-
cates with the periapical tissue and opens onto the root
surface. It is reported that apical foramen could be the
passageway of infections to enter or exit the root canal
[9]. And the root canal with irregularly-shaped apical
foramen are difficult to be filled completely [9]. There-
fore, apical morphology was considered and proved to be
a significant factor related to the clinic curative effect of
root canal treatment [10].

Using scanning electron microscopy (SEM) to examine
the extracted root apices of teeth with AP, Furusawa and
Asai [11] observed resorptions around apical foramen.
Moreover, their results demonstrated that 80% of teeth
with AP displayed a wide opening apical foramen. Exter-
nal apical root resorptions around the apical foramen
were also observed with SEM in AP [12]. These studies
suggested that AP could lead to changes and destruction
around the apical foramen.

Although researches achieved a better understanding
of influences of AP on the morphology at the root apex,
these studies focused on ultrastructure of apical surfaces
using scanning electron microscopy [12] or micro-com-
puted tomography (micro-CT) [13, 14]. Both of them
provide high resolution owing to the high energy param-
eters and smaller voxel sizes, but require high radiation
doses and long scanning time, which makes them lim-
ited to laboratory studies. So far, there were no in-vivo
studies focusing on the changes of apical morphology in
AP. Cone-beam computed tomography (CBCT) scan-
ning which we used in the present study is a noninvasive
method directly used on patients.

The present study aimed to analysis the changes of the
diameter of apical constriction, the distance of apical
constriction to apical foramen, distance of apical con-
striction to anatomical apex, and the apical constriction
form in anterior teeth with AP in a Chinese sub-popula-
tion, in order to provide a new insight into the relation-
ship of AP and the morphology of root apex.

Materials and methods

Sample selection

Patients visited Nanjing Stomatological Hospital, Medi-
cal school of Nanjing University between January 2018
and February 2019 and underwent CBCT for reasons
independent of the present study, including orthodon-
tic treatment or implants unrelated to the present study.
CBCTs were also performed independent of this study.
The inclusion criteria were: adult patients; anterior teeth
with AP (radiographically by CBCT images) and the con-
tralateral homonymous teeth without AP; single root
canal; without root canal treatment, post, or crowns;
no calcified root canals; a fully formed apex. Through
case history inquiry, the patients with the history of
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developmental disorders, systemic disease, malignancy,
orthodontic treatment and trauma were excluded. Only
high-resolution images were included to ensure analytic
accuracy.

To perform sample size calculation, the distances
between AC-AA and AC-AF in anterior teeth were
measured in a pilot study with seven subjects. Accord-
ing to the data of the pilot study, a sample size of 6 could
achieve 80% power by the two-sided paired t-test carried
out by PASS software. By screening cases, we collected 32
cases meeting the inclusion criteria. Although a sample
size of 6 could achieve statistical significance, we enrolled
all cases in order to make the results more reliable.

Finally, the study consisted of 32 patients (18 females
and 14 males), with a mean £ SD age of 38.0 £ 11.5 years.
The patients enrolled were Chinese born in China. All
patient-related materials and data were stored anony-
mously and only made available to the study investigators.

Image acquisition

All CBCT images were obtained by a NewTIom VG
scanner (QR srl, Verona, Italy). The voxel size was set
0.125 mm and operated according to the manufacturer’s
instructions. All CBCT exposures were performed by
an experienced licensed radiologist with the minimum
exposure necessary for adequate image quality, following
strictly the as low as reasonably achievable protocol.

The images were exported in Digital Imaging and Com-
munications in Medicine (DICOM) data format. Then
the data were imported into 3D Slicer 4.8.1 (https://
www.slicer.org/), a free open-source software for medi-
cal image processing [15], analyzed using a 13.9-in. HUA-
WEI Mate Book X Pro 2020 (HUAWEI Corporation,
Shenzhen, China) screen with a resolution of 3000*2000
pixels in a darkroom.

Two-dimensional (axial slices) measurement

The apical constriction was defined to be the apical cross
sections having the smallest area [16]. According to
Schell’s methods [17] of determining the location of api-
cal constriction, CBCT analysis of serial cross sections,
perpendicular to the canal axis, were analyzed from both
buccolingual (BL) and mesiodistal (MD) aspects. The
root canal measurements included BL and MD diameters
from the apex. CBCT images were carefully examined
from the pulp chamber to the apical apex by continuously
scrolling the toolbar on axial view to evaluate the topog-
raphy of the apical constriction. By rolling the middle
axis of the mouse, the grayscale value was continuously
changed, until the best display was obtained. On the
axial view, the diameters of BL and MD were measured
(Fig. 1), and the difference value of diameter between
BL and MD was calculated. According to the diameter
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Fig. 1 The measurement of apical constriction diameters in CBCT
images. Horizontal plane at the apical constriction level of the root
canal with AP (a) and without AP (b) were measured respectively. The
diameter was determined by drawing a line between the two most
distant pixels of the root canal walls. M1 represented the diameter of
BL (red line), while M2 represented the diameter of MD (blue line)

of BL and MD, two operators determine the location of
the apical constriction individually, until a consensus was
reached.

3D reconstruction and measurement

Each structure including root and canal was assigned a
label. By using the “Editor” module of 3D Slicer software
tools, the contour of tooth image (root canal and root)
was segmented semi-automatically or manually slice by
slice, with a mouse. The segmentations were mainly per-
formed on axial slices. In addition, some adjustments
were then performed on sagittal and coronal views.
By using the image processing tool in the software, the
brightness and contrast were adjusted to achieve opti-
mum visualization. Then the anatomical structures (roots
and canals) were reconstructed using the “Merge And
Build” module of 3D Slicer. Similarly, the optimal recon-
struction was ensured by adjusting the opacity of the
images.
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Fig. 2 The longitudinal perspective view of reconstructed teeth. a, b
The mesiodistal views and buccolingual views respectively. Horizontal
red lines were portrayed in the apical region

In this study, according to the topography of the api-
cal constriction of Schell [17], the parallel form was rec-
ognized when the minor diameter of the canal extended
steadily for a long distance (>2.5 mm) and only widened
for a short distance (0.1 mm) at the foramen. When the
canal walls widened apically and coronally from the nar-
rowest zone, it was considered to be traditional. In the
flaring form, the canal walls constantly diverged towards
the apex. In order to eliminate the subjective and objec-
tive factors of the cutting process on the outcomes, we
chose to use the longitudinal 3D model as a whole for
analysis. Three forms of constriction morphologies were
observed in the mesiodistal views and the buccal-lingual
views of the 3D models (Fig. 2).

Horizontal red lines in Fig. 2 were portrayed in the api-
cal region (approximately 1-3 mm) where a constriction
might be present. The apical morphology between the
red lines was examined and categorized by evaluators in
the longitudinal view of reconstructed teeth. The con-
striction forms were subdivided into traditional, parallel
and flaring.

In the 3D model of teeth, the distances from apical
constriction to foramen (AC-AF) and to anatomical apex



Zhang et al. BMC Oral Health (2022) 22:31

Page 4 of 8

e
\\ (a)
\\\\ ‘
AC ’\}“ di\
..-/’/" /
i

(c)

Fig. 3 Measurements of different apical constriction forms. a The
measurement of traditional form, while b, ¢ were parallel and flaring
forms respectively

(AC-AA) of each canal were recorded. On 3D views, the
distance of AC-AF and AC-AA were measured directly
(Fig. 3).

Radiologic evaluation

To check for the inter- and intra-observer reliabilities,
manual segmentations were performed twice for each
of 10 teeth which were not included in this study by two
independent examiners, with a 1-week interval between
the assessments. The inter-examiner agreement value was
0.854. The intra-examiner agreement values were 0.878
and 0.889 respectively for the first and second assessments.

Statistical analysis

Data from the evaluators were collected and analyzed.
Percentages and frequencies were used to describe cat-
egorical variables. Quantitative data from measurements
were presented as mean and standard deviation. Com-
parisons were made between AP teeth and healthy teeth
data (AC-AA, AC-AF) through paired ¢ tests with a sig-
nificance level of 5%. Differences in constriction forms
were analyzed by Fisher exact test or Chi square test
according to gender. Statistical Package for Social Sci-
ences 25.0 (IBM Co, New York, NY) was used for statisti-
cal analysis. The significance level was set at p <0.05.

Ethical approval and consent to participate

All stages of the investigation were conducted in accordance
with the principles of tne Helsinki Declaration. The Research
Ethics Committee of Nanjing Stomatological Hospital, Med-
ical school of Nanjing University (NO: JX-2020NL-013,the
date of ethical approval: 12 November 2020) reviewed
and approved the study protocol. Ethical considerations
were considered during each step of the research process.
Informed consent was obtained from all patients.

Results

In this retrospective study, a total of 64 teeth in 32
patients were analyzed. According to the diameter of
BL and MD, the apical constriction was located in each
tooth. The diameters of BL and MD at apical constric-
tion were shown in Table 1. The mean BL diameter of
apical constrictions was significantly longer in anterior
teeth with AP than healthy teeth (p <0.05). The mean MD
diameters of apical constriction was longer in anterior
teeth with AP than healthy teeth, without significantly
difference (p >0.05). The difference value between BL and
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Table 1 The difference value between BL and MD diameters
(mm) at apical constriction

Group BL diameter MD diameter BL-MD
Mean+SD Mean+SD Mean +SD

AP 0.324+0.10* 0.26+0.06 0.06 £0.09*

Healthy teeth 0.28+0.08 0.24+0.07 0.04+£0.04

SD standard deviation
*p<0.05, paired t tests

MD diameter was significantly bigger in anterior teeth
with AP than healthy teeth (p <0.05).

Page 5 of 8

By the longitudinal perspective view of 3D recon-
structed teeth, the constriction forms of apical areas
were analyzed (Table 2). The anterior teeth with AP had
higher proportion of flaring apical constriction. Signifi-
cant differences were not found between sexes (p >0.05)
(Table 2). The distributions of the constriction forms in
AP and healthy teeth were shown in Fig. 4c. Among the
three constriction forms, the flaring constrictions were
only found in the teeth with AP.

Measurements of distances between AC to AA and AF
were depicted in Table 3 and Fig. 4. The anterior teeth
with AP had significantly shorter distances of apical con-
striction to anatomical apex and apical foramen (p <0.05).

Table 2 The distributions of constriction forms in AP and healthy teeth

Gender AP (N, %) Healthy teeth (N, %) Total
Parallel Traditional Flaring Parallel Traditional Flaring
Male 3(4.7) - 11017.2) 10 (15.6) 4(6.25) - 28 (43.8)
Female 6(94) 2(3.1) 10 (15.6) 14(21.9) 4(6.25) - 36 (56.3)
Total 9(14.1) 2(3.1) 21(32.8) 24 (37.5) 8(12.5) - 64 (100)
*p <0.05, Fisher exact test
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Fig. 4 The distributions of AC-AA, AC-AF and constriction forms in periapical periodontitis and healthy teeth. a, b The distances and distributions
of AC-AA and AC-AF in periapical periodontitis and healthy teeth. ¢ The proportions of different constriction forms in teeth with periapical
periodontitis and healthy ones
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Table 3 Distances of AC-AA and AC-AF (mm) in AP and healthy

teeth

Group AC-AA AC-AF
Mean £+ SD Mean £+ SD

AP 097 £0.25* 039+£0.12%

Healthy teeth 1594048 0.70+0.18

SD standard deviation
*p <0.05, paired t tests

Discussion

The present study provided a detailed anatomical
description of morphological changes of the root apex
in anterior teeth with AP based on a retrospective analy-
sis of CBCT images. Numerous methods could be used
to evaluate morphology of root apex, such as intraoral
periapical radiograph [18], longitudinal cutting [19],
stereomicroscope [20], micro-computed tomography
[13, 17, 21-25] and CBCT [26]. Among these methods,
CBCT and periapical radiography meet both non-inva-
sive requirements and in-vivo conditions. Various stud-
ies have shown that CBCT is much more reliable than
periapical radiography in diagnosing complex root canal
morphology, because it could provide three-dimensional
images of three-dimensional objects [27]. Moreover,
CBCT has been proved to be more sensitive and accurate
to identify apical periodontitis than the two-dimensional
imaging technique [28, 29]. In the accuracy of detection
of the root canal configuration, CBCT imaging has been
showed no difference with the gold standard (micro-CT)
[30].

In our study, an apical constriction was found in all
the root canals examined. The results were similar to the
researches of Schell et al. [17] and Dummer et al. [31].
However in the studies of Meder-Cowherd et al. [25],
Marceliano-Alves et al. [23] and Wu et al. [32], apical
constriction was not identified in every root. The reason
may be that two different longitudinal sections (buccal/
lingual or mesial/distal view) of the same canal showed
different topographical canal outlines, so longitudinal
section could not show the narrowest part of the canal
[24]. In many canals, the narrowest part only could be
detected by analyzing the cross-sectional areas along the
path of the root canal.

It is usually considered that the ideal apical end point
of root canal therapy was the apical constriction [16].
The size of the root canal instruments was classified by
the size of the apical constriction, which was determined
by the minimal area of root canal. In most canals, the
instrument size was determined by the maximum diam-
eter. In the present study, the disparity between BL and
MD diameter was larger in the teeth with AP (p<0.05)
(Table 3). Because of the difference, the instrument
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size that would fit the apical constrictions of teeth with
chronic AP may be larger than teeth without apical
periodontitis.

In the present study, the most common form of the
constriction was flaring (65.6%) in teeth with AP, while
the most common form was parallel (75.0%) in healthy
teeth (Table 2). Dummer et al. [31] inspected longitudi-
nal sections and found that the most frequent form of
the constriction was the traditional form (46.0%). Meder-
Cowherd et al. [25] found that the most frequent form of
the constriction in teeth was the parallel form (35.0%).
This discrepancy may due to the differences in tooth
forms. Dummer studied central incisor, lateral incisors,
canines and premolars. In Meder’s research, they studied
palatal roots of maxillary molars. While in our study, the
samples were anterior teeth including central incisors,
lateral incisor and canines. What’s more, the instruments
used to detect the constriction were different. Dummer
used the microscopic and Meder used micro-CT, while
we made use of CBCT in the present study (Additional
file 1).

In our study, the distances of AC-AF and AC-AA were
different from some researches. In Wolf’s study [14],
the mean distances between AC and AA were 0.82 mm
(MB), 0.81 mm (DB) and 1.02 mm (P) in maxillary first
molars, 0.54 mm (MB), 0.43 mm (DB) and 0.63 mm (P)
in maxillary second molars. In Mousavi’s study under
microscopic, the mean distance between AC and AF
was 0.85+0.33 mm in incisors, and the mean distance
between AC and AA was 1.23+0.39 mm in incisors [33].
By the use of microscopic Kutter and Dummer found
that the narrowest part of the canal was 0.59 mm to AF
[16] or 0.89 mm to AA on average [31]. Several reasons
may account for the differences. First, the methods were
different. Our study was a three-dimensional reconstruc-
tion analysis, while other researchers mentioned above
conducted only two-dimensional analysis. Second, the
samples in the studies mentioned above were extracted
teeth. In contrast, the samples in this study were in vivo,
which would represent the actual situation better. Third,
the ethnic population in this study was different from
that in other studies mentioned above. Mousavi studied
the Iranian population, while the studies of Wolf and
other researches did not account for it. These reasons
may result in different distances of AC-AF and AC-AA.
In canals without apical periodontitis, the apical limit for
root canal instrumentation and filling is determined by
the apical constriction and the apical foramen.

In summary, the present retrospective study pro-
vided evidences to support that the teeth with AP had
shorter distances of AC-AA and AC-AF, bigger dispari-
ties between the diameters of BL and MD, and higher
proportion of flaring apical constriction. These data
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may help clinicians to understand the morphological
changes of the root apex in anterior teeth with AP and
provide references for clinical treatment.

Conclusions

The anterior teeth with periapical periodontitis had
shorter distances of apical constriction to anatomical
apex and apical foramen, bigger disparities between the
diameters of buccolingual and mesiodistal, and higher
proportion of flaring apical constriction.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-022-02062-z.

Additional file 1. Table S1 showed the raw data of this study, including
the sex and age of patients, the diameters of constrictions, the distances
of AC-AF and AC-AA, and forms of constrictions.

Acknowledgements

This work was supported by the project of Jiangsu provincial Six Talent Peaks
(Grant Number: WSW-086). The authors deny any conflicts of interest related
to this study. Consents were obtained from all the patients whose CBCT
images were used in this study.

Authors’ contributions

All the authors participated in this study. And the contributions were listed
below: CZ: methodology, software, writing-original draft; YL: methodol-

ogy, software, writing—review and editing; WY: conceptualization, project
administration; QZ: formal analysis, resources, data curation; MZ: investigation,
resources, funding acquisition; SW: methodology, validation; QW: Visualization.
All authors read and approved the final manuscript.

Funding
This work was supported by the project of Jiangsu provincial Six Talent Peaks
(Grant Number: WSW-086).

Availability of data and materials

The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request. All data generated or
analysed during this study are included in its supplementary information files.

Declarations

Ethics approval and consent to participate

All stages of the investigation were conducted in accordance with the prin-
ciples of tne Helsinki Declaration. The Research Ethics Committee of Nanjing
Stomatological Hospital, Medical school of Nanjing University (NO: JX-2020NL-
013,the date of ethical approval: 12 November 2020) reviewed and approved
the study protocol. Ethical considerations were considered during each step
of the research process. Informed consent was obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Endodontics, Nanjing Stomatological Hospital, Medical
School of Nanjing University, Zhongyang Road 30, Nanjing City 210008,
Jiangsu Province, China. “Department of Dentomaxillofacial Radiology,

Page 7 of 8

Nanjing Stomatological Hospital, Medical School of Nanjing University, Nan-
jing 210008, Jiangsu, China.

Received: 7 October 2021 Accepted: 27 January 2022
Published online: 05 February 2022

References

1. Lopez-Lopez J, Jane-Salas E, Estrugo-Devesa A, Castellanos-Cosano L,
Martin-Gonzalez J, Velasco-Ortega E, et al. Frequency and distribution
of root-filled teeth and apical periodontitis in an adult population of
Barcelona, Spain. Int Dent J. 2012;62(1):40-6.

2. Jimenez-Pinzon A, Segura-Egea JJ, Poyato-Ferrera M, Velasco-Ortega
E, Rios-Santos JV. Prevalence of apical periodontitis and frequency
of root-filled teeth in an adult Spanish population. Int Endod J.
2004;37(3):167-73.

3. Weber M, Ries J, Buttner-Herold M, Geppert Cl, Kesting M, Wehrhan F. Dif-
ferences in inflammation and bone resorption between apical granulo-
mas, radicular cysts, and dentigerous cysts. J Endod. 2019;45(10):1200-8.

4. Del Fabbro M, Corbella S, Sequeira-Byron P, Tsesis |, Rosen E, Lolato
A, et al. Endodontic procedures for retreatment of periapical lesions.
Cochrane Database Syst Rev. 2016;10:CD005511.

5. Virtanen E, Nurmi T, Soder PO, Airila-Mansson S, Soder B, Meurman JH.
Apical periodontitis associates with cardiovascular diseases: a cross-
sectional study from Sweden. BMC Oral Health. 2017;17(1):107.

6. Pasqualini D, Bergandi L, Palumbo L, Borraccino A, Dambra V, Alovisi M,
et al. Association among oral health, apical periodontitis, CD14 poly-
morphisms, and coronary heart disease in middle-aged adults. J Endod.
2012,38(12):1570-7.

7. VengerfeldtV, Mandar R, Nguyen MS, Saukas S, Saag M. Apical periodonti-
tis in southern Estonian population: prevalence and associations with
quality of root canal fillings and coronal restorations. BMC Oral Health.
2017;17(1):147.

8. Huumonen S, Suominen AL, Vehkalahti MM. Prevalence of apical peri-
odontitis in root filled teeth: findings from a nationwide survey in Finland.
Int Endod J. 2017;50(3):229-36.

9. Huang XX, Fu M, Hou BX. Morphological changes of the root apex in
permanent teeth with failed endodontic treatment. Chin J Dent Res.
2019;22(2):113-22.

10. Orhan EO, Dereci O, Irmak O. Endodontic outcomes in man-
dibular second premolars with complex apical branching. J Endod.
2017:43(1):46-51.

11. Furusawa M, Asai Y. SEM observations of resected root canal ends follow-
ing apicoectomy. Bull Tokyo Dent Coll. 2002;43(1):7-12.

12. Felippe WT, Ruschel MF, Felippe GS, Pozzobon MH, Felippe MC. SEM
evaluation of the apical external root surface of teeth with chronic peri-
apical lesion. Aust Endod J. 2009;35(3):153-7.

13. Divine KA, McClanahan SB, Fok A. Anatomic analysis of palatal roots
of maxillary molars using micro-computed tomography. J Endod.
2019;45(6):724-8.

14. WoIf TG, Paque F, Sven Patyna M, Willershausen B, Briseno-Marroquin B.
Three-dimensional analysis of the physiological foramen geometry of
maxillary and mandibular molars by means of micro-CT. Int J Oral Sci.
2017,93):151-7.

15. Fedorov A, Beichel R, Kalpathy-Cramer J, Finet J, Fillion-Robin JC, Pujol S,
et al. 3D slicer as an image computing platform for the quantitative imag-
ing network. Magn Reson Imaging. 2012;30(9):1323-41.

16. Kuttler Y. Microscopic investigation of root apexes. J Am Dent Assoc.
1955;50(5):544-52.

17. Schell S, Judenhofer MS, Mannheim JG, Hulber JM, Lost C, Pichler BJ, et al.
Validity of longitudinal sections for determining the apical constriction.
Int Endod J. 2017;50(7):706-12.

18. Vanitha S, Sherwood IA. Comparison of three different apex locators in
determining the working length of mandibular first molar teeth with
irreversible pulpitis compared with an intraoral periapical radiograph:

a block randomized, controlled, clinical trial. J Investig Clin Dent.
2019;10(3):12408.

19. Olson DG, Roberts S, Joyce AP, Collins DE, McPherson JC 3rd. Unevenness
of the apical constriction in human maxillary central incisors. J Endod.
2008;34(2):157-9.


https://doi.org/10.1186/s12903-022-02062-z
https://doi.org/10.1186/s12903-022-02062-z

Zhang et al. BMC Oral Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

(2022) 22:31

Lucena C, Lopez JM, Martin JA, Robles V, Gonzalez-Rodriguez MP.
Accuracy of working length measurement: electronic apex locator versus
cone-beam computed tomography. Int Endod J. 2014,47(3):246-56.
Piasecki L, Carneiro E, Neto UXD, Westphalen VPD, Brandao CG, Gambarini
G, et al. The use of micro-computed tomography to determine the accu-
racy of 2 electronic apex locators and anatomic variations affecting their
precision. J Endod. 2016;42(8):1263-7.

Piasecki L, Jose Dos Reis P, Jussiani El, Andrello AC. A micro-computed
tomographic evaluation of the accuracy of 3 electronic apex locators in
curved canals of mandibular molars. J Endod. 2018;44(12):1872-7.
Marceliano-Alves M, Alves FR, Mendes Dde M, Provenzano JC. Micro-
computed tomography analysis of the root canal morphology of palatal
roots of maxillary first molars. J Endod. 2016;42(2):280-3.

ElAyouti A, Hulber JM, Judenhofer MS, Connert T, Mannheim JG, Lost C,
et al. Apical constriction: location and dimensions in molars-a micro-
computed tomography study. J Endod. 2014;40(8):1095-9.
Meder-Cowherd L, Williamson AE, Johnson WT, Vasilescu D, Walton R,
Qian F. Apical morphology of the palatal roots of maxillary molars by
using micro-computed tomography. J Endod. 2011;37(8):1162-5.

Yang HB, Tian C, Li GJ, Yang L, Han X, Wang Y. A cone-beam computed
tomography study of the root canal morphology of mandibular first
premolars and the location of root canal orifices and apical foramina in a
Chinese subpopulation. J Endod. 2013,39(4):435-8.

de Toubes KM, Cortes MI, Valadares MA, Fonseca LC, Nunes E, Silveira FF.
Comparative analysis of accessory mesial canal identification in man-
dibular first molars by using four different diagnostic methods. J Endod.
2012;38(4):436-41.

Estrela C, Bueno MR, Leles CR, Azevedo B, Azevedo JR. Accuracy of cone
beam computed tomography and panoramic and periapical radiography
for detection of apical periodontitis. J Endod. 2008;34(3):273-9.

Lopez FU, Kopper PM, Cucco C, Della Bona A, de Figueiredo JA,
Vier-Pelisser FV. Accuracy of cone-beam computed tomography and
periapical radiography in apical periodontitis diagnosis. J Endod.
2014,40(12):2057-60.

Sousa TO, Haiter-Neto F, Nascimento EHL, Peroni LV, Freitas DQ, Hassan B.
Diagnostic accuracy of periapical radiography and cone-beam computed
tomography in identifying root canal configuration of human premolars.
J Endod. 2017;43(7):1176-9.

Dummer PM, McGinn JH, Rees DG. The position and topography

of the apical canal constriction and apical foramen. Int Endod J.
1984;17(4):192-8.

Wu MK, Wesselink PR, Walton RE. Apical terminus location of root canal
treatment procedures. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2000;89(1):99-103.

Mousavi SA, Farhad A, Shahnaseri S, Basiri A, Kolahdouzan E. Comparative
evaluation of apical constriction position in incisor and molar teeth: an

in vitro study. Eur J Dent. 2018;12(2):237-41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Morphological changes of the root apex in anterior teeth with periapical periodontitis: an in-vivo study
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Sample selection
	Image acquisition
	Two-dimensional (axial slices) measurement
	3D reconstruction and measurement
	Radiologic evaluation
	Statistical analysis
	Ethical approval and consent to participate

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


