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Three Dimensional  mapping of the 
root apex: distances between apexes 
and anatomical structures and external 
cortical plates

Abstract: This study aimed to determine the mean distances between 
apexes of the maxillary posterior teeth and the maxillary sinus, between 
apexes of the mandibular posterior teeth and the mandibular canal, and 
between the root apexes of all teeth and the adjacent cortical plates. A total 
of 800 cone-beam computed tomography (CBCT) scans (400 maxillary 
and 400 mandibular) were obtained from patients indicated for several 
treatments. The proximity between apexes and anatomical structures, 
and the relationship between apexes and adjacent cortical plates were 
assessed together with the risk of over-instrumentation. Paired-sample 
comparisons were performed by using the paired t-test. The means were 
compared by ANOVA, Kruskal-Wallis and Dwass-Steel-Critchlow-Fligner 
tests. a) Most of the apexes classified as A (high-risk proximity) were 
observed in maxillary first and second molars, in mandibular first and 
second molars, and in second premolars in relation to near anatomical 
structures. b) A predominance of class A (86.42%) was noticed in the first 
premolars, between apexes of maxillary teeth and adjacent cortical plates. 
c) The distance between apexes of mandibular teeth and buccal cortical 
plates showed a predominance of medium-risk proximity (B) in all the 
groups, except the first premolars, with the highest risk (82.22%), and the 
second molars, with low-risk proximity (C) to distal and mesiobuccal 
apexes (91.77% and 89.62%). CBCT images are important for endodontic 
diagnosis and treatment, since many teeth have high risk proximity to 
near anatomical structures and adjacent cortical plates.

Keywords: Cone-Beam Computed Tomography; Maxillary Sinus; 
Tooth Apex.

Introduction

Tooth pulp can be injured due to a variety of irritants, and root 
canal treatment (RCT) may be indicated in some cases to restore teeth 
wellness.1,2,3 However, teeth are positioned near sensitive anatomical 
structures, such as the maxillary sinus and mandibular canal4,5,6,7,8,9,10,11,1

2,13,14,15,16,17 and the buccal and lingual cortical plates.4,7,10,14,18,19,20,21,22,23 Thus, 
the endodontic diagnosis and treatment planning of such cases require 
greater attention by the endodontist.
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Chemical, physical and biological injuries 
affect these sensitive anatomical areas during root 
canal treatment, ranging from minor severity with 
spontaneous resolution to more severe accidents 
requiring surgical intervention, including sodium 
hypochlorite overflow, endodontic instrument 
fracture, debris and obturation cement extrusion, and 
labio-mandibular paresthesia, among others.24,25,26,27,28 
A technique of particular concern is apical foramen 
widening, which allows a great amount of chemical 
and mechanical intrusion in the periapical area during 
instrumentation,29,30 whereas instrumentation should 
not advance beyond the apical foramen.31

For many years, an electronic apex locator was 
considered an accurate device to locate the root 
apex.32 However, it was proved that this accuracy 
was affected by the proximity of teeth to certain 
anatomical structures.33,34

Periapical radiographic examination is usually 
used during the diagnosis and treatment of the 
root canal; however, it does not provide an adequate 
estimate of the apical position anatomically.35 Cone 
beam computed tomography (CBCT) is the most 
suitable resource, since it provides a three-dimensional 
view of the dental anatomy, and its relationship 
with adjacent anatomical regions, thus enabling 
overlapping structures to be viewed and eliminating 
image distortions.36

This inaccuracy in determining the root canal 
working length, and the distance between the apical 
foramen and the close anatomical structures may 
result in injury to these structures. Therefore, the aim 
of this study was to determine the mean distances 
between the apexes of the maxillary posterior 
teeth and the inferior wall of the maxillary sinus, 
determine the mean distances between the apexes 
of the mandibular posterior teeth and the superior 
border of the mandibular canal, and measure the 
proximity between the root apexes of whole teeth 
in relation to the adjacent cortical plates.

Methodology

A total of 800 CBCT scans (400 maxillary and 
400 mandibular) were obtained from patients indicated 
for several treatments. The exclusion criteria were 

CBCT scans of patients with fewer than eight teeth per 
dental arch, younger than 21 years old, and scans with 
image distortions or technical errors. Teeth presenting 
apical resorption, root dilaceration, root anomalies, 
root fracture, periapical bone rarefaction and absence 
of a crown were also excluded. A total of 13,388 apexes 
of 9,669 teeth, including 7,876 apexes of 5,104 maxillary 
teeth, and 5,512 apexes of 4,565 mandibular teeth, 
were studied after approval by the research ethics 
committee of the Institute of Science and Technology, 
São Paulo State University (nº 1.079.312), and in 
compliance with the Helsinki Declaration.

The images were obtained using the same 
volumetric CT machine (GX CB 500, Gendex/Kavo, 
Bieberach, Germany) operating at a voxel of 0.20, 
FOV of 14 cm x 8cm, 120 kVp, 36.15 mAs and 12 bits 
of grayscale depth. The image data were recorded 
in DICOM format and reconstructed with specific 
imaging software (Image Studio® (AnneSolutions, 
São Paulo, Brazil), so that sagittal and axial sections 
could be obtained at a standard distance of 1.0 mm. 
All the measurements were performed by only one 
professional (dentist, radiologist and endodontist). 
R software (R Foundation, Vienna, Austria) was used 
for data analysis. Paired-sample comparisons were 
performed by using the paired t-test. The means 
were compared among three independent groups, 
according to ANOVA (analysis of variance) with the 
non-parametric Kruskal-Wallis test, followed by the 
Dwass-Steel-Critchlow-Fligner test to obtain p-values 
adjusted for multiple comparisons, when needed. 
All p-values were two-sided, and were considered 
significant or marginally significant (respectively, 
p < 0.05 and p ≤ 0.05, p ≤ 0.10).

Assessment of the proximity between 
apexes and anatomical structures

All maxillary and mandibular premolars and 
molars, as well as maxillary canines, were selected 
for evaluation, totaling 5,864 teeth. Sagittal sections 
with a centralized image of each root apex were 
selected for linear measurements (in mm) between 
maxillary tooth apexes and the point closest to the 
inferior wall of the maxillary sinus, and between 
apexes of mandibular teeth and the point closest 
to the superior border of the mandibular canal. 
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Image projection of the apexes onto the maxillary 
sinus or the mandibular canal was represented by 
negative values.

The resulting values were then submitted to 
descriptive statistical analysis (i.e. mean, standard 
deviation, minimum and maximum values), analyzing 
each root separately. The data were submitted to 
inferential statistical analysis for comparison between 
right and left sides, between genders and among 
age groups.

Next, the results were grouped and classified 
according to the interval of measurements, and were 
then designated according to the risk of proximity 
to the anatomical structures, namely: A (high risk), 
with an apex at a distance of up to 1 mm from the 
anatomic structure; B (medium risk) with an apex 
at a distance of 1 to 3 mm; and C (low risk), with an 
apex at a distance greater than 3 mm.

Assessment of the relationship between 
apexes and cortical plates

Axial reconstructions of apical images were 
selected to assess the relationship between root apexes 
and buccal and lingual cortical plates. Measurements 
of the distance between the apex of each root and 
the point closest to the adjacent outer cortical plate 
were performed as follows:
a. In the maxilla, distances between the apexes 

of the buccal roots of premolars and molars 
and the apexes of roots of anterior teeth to the 
buccal cortical plate; and between apexes of 
the palatal roots of premolars and molars and 
palatal cortical plate;

b. In the mandible, distances between the apexes 
of buccal and distal roots of molars and the 

apexes of roots of premolars and anterior teeth 
to the buccal cortical plate; and between lingual 
and distal apexes of molars and the apexes of 
roots of premolar teeth to the lingual cortical 
plate. However, the distance between the apex 
of anterior teeth to the lingual cortical plate was 
not considered due to the thinner thickness of 
the alveolar bone in the region.
Next, the intervals of mean measurements between 

root apexes and cortical plates were also grouped 
and classified by intervals of measurement, and 
designated according to the risk of proximity to the 
adjacent external cortical plate, namely: A (high risk), 
with an apex at a distance of up to 1 mm from the 
anatomic structure; B (medium risk), with an apex 
at a distance of 1 to 3 mm; and C (low risk), with an 
apex at a distance greater than 3 mm.

Results

Assessment of the proximity between 
apexes and anatomical structures

The means of distances between the inferior wall of 
the maxillary sinus and root apexes of maxillary teeth 
are presented in Table 1. Figure 1 shows the results of 
intervals classified as A (high risk), B (medium risk) 
or C (low risk), according to the distance between 
the root apex and the inferior wall of the maxillary 
sinus per tooth. The majority of the apexes classified 
as A (i.e. less than 1 mm from the buccal cortical 
bone) were observed in the first and second molars.

The means of distances between the mandibular 
canal or mental foramen and root apexes of mandibular 
teeth are presented in Table 2. Figure 2 shows the 
results of intervals classified as A, B or C, according to 

Table 1. Linear measurements (in mm) between the maxillary tooth apexes and the lower wall of the maxillary sinus.

Tooth 2nd Molar 1st Molar
2nd Premolar

1st Premolar
Canine

Apex DB P MB DB P MB P B

Mean 0.7 1.21 0.37 1.08 0.9 1.34 2,92 5,33 6,19 4,34

Minimum -7.38 -3.33 -5.92 -9.93 -9.66 -9.44 -3,07 -2,79 -2,55 -1,64

Maximum 10.47 7.6 7.66 11.92 8.93 11.92 14,28 14,55 15,36 11,02

SD 1.89 1.89 1.9 2.23 2.16 2.64 3,59 3,66 3,91 2,35

n 763 623 728 714 843

SD: standard deviation, DB: distobuccal root, P: palatal root, MB: mesiobuccal root, B: buccal root.
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the distance between the root apex and the mandibular 
canal. The percentage of high-risk proximity (A) was 
found to be smaller in relation to the maxilla, with a 
greater number of higher percentages occurring in the 
apexes of second molars (mesiobuccal root = 12.88%, 
mesiolingual root = 10.73% and distal root = 19.85%) 
and second premolars (13.1%).

Statistical tests showed no difference in the 
distances measured between apexes and maxillary 
sinus or mandibular canal, when comparing left and 
right sides, genders or age groups (p > 0.05).

Assessment of the relationship between 
apexes and cortical plates

A predominance of high-risk proximity (A) of up 
to 86.42% in the first premolars was found, based on 
a classification of risk proximity between apexes of 
maxillary teeth and adjacent cortical plates. The exception 
occurs in the apexes of second molars, since there is 
uniform distribution among the groups (Figure 3).

Regarding the classification of the distance between 
apexes of mandibular teeth and buccal cortical plates, 
the results showed a predominance of medium-risk 
proximity (B) in all the groups, with the highest risk 
being observed in the first premolars (82.22%), and 
low-risk proximity (C) to distal and mesiobuccal 
apexes in the second molars, respectively, 91.77% 
and 89.62% (Figure 4).

On the other hand, the predominance was of 
low-risk proximity to the lingual cortical plate (C). 
Again, the second molars had the highest percentage 
of high-risk proximity to distal and mesiobuccal 
apexes, respectively, 54.03% and 51.89% (Figure 5).

Discussion

CBCT was the most precise and reliable method 
to use in conducting this study. It has the potential 
to become the first choice for endodontic treatment 
planning and outcome assessment.36 Prior to the 

Figure 1. Percentage of classification of intervals according to the distance between root apexes and maxillary sinus. (DB = distobuccal 
root, P = palatal root, MB = mesiobuccal root, B = buccal root, P = palatal root, C = canine).
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Table 2. Linear measurements (in mm) between the mandibular tooth apexes and the upper border of the mandibular canal.

Tooth 2nd Molar 1st Molar
2nd Premolar 1st Premolar

Apex D ML MB D ML MB

Mean 2.81 3.67 3.54 4.00 4.92 4.81 3.59 4.46

Minimum -3.19 -1.95 -1.95 -1.33 0 0 -1.71 -1.1

Maximum 11.58 13.47 13.16 9.51 12.79 12.28 11.8 12

SD 2.27 2.62 2.55 2.23 2.58 2.43 2.29 2.35

n 559 388 626 620

SD: standard deviation, DB: distobuccal root, P: palatal root, MB: mesiobuccal root, B: buccal root.
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advent of CBCT, the apical region could not be 
accessed with the three-dimensional visualization 
needed for endodontic treatment planning.35 CBCT 
application has stepped up in recent years, bringing 
real benefits to clinical practice through several 
studies that have investigated the use of CBCT in 
endodontics, and have justified its application in all 
phases of endodontic treatment, mainly in situations 
in which there are doubts or difficulties in routine 
radiographic diagnoses.35,36,37,38

Some patients and professionals are concerned 
about using CBCT for endodontic diagnosis 
and treatment, since its radiation dose is higher 
than that emitted by panoramic radiographic 
equipment.38 However, its estimated effective doses 
are significantly lower if dose reduction protocols 
are put into place. Therefore, information about the 
radiation dose should be shared with patients and 
not withheld, rather than making this a reason for 
avoiding CBCT examination.39

Figure 2. Percentage of classification of intervals according to the distance between root apexes and mandibular canal. 
(DB = distobuccal root, P = palatal root, MB = mesiobuccal root, B = buccal root, P = palatal root, C = canine).
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Figure 3. Percentage of classification of intervals according to the distance between maxillary root apexes and buccal cortical 
plates. (DB = distobuccal root, P = palatal root, MB = mesiobuccal root, B = buccal root, P = palatal root, C = canine).
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Assessment of the proximity between 
apexes and anatomical structures

Different studies in the literature have sought to 
assess the distances of the teeth from only one arch 
to the nearest anatomical structure, using small 
samples and CBCT as the evaluation method. These 
include several in vivo studies that have measured the 
distances between dental apexes and the maxillary 
sinus or the mandibular canal,5,7,9,11,15,17 or dried 
skull or cadaver studies,4,10,14 or else the technique of 
associating panoramic radiographs.39 Only one study 
used a larger sample size, involving 627 CBCTs.8 This 
study assessed all posterior teeth of the maxilla and 

mandible, except third molars, and produced a sample 
larger than that of most studies in the literature.

The mean distances found between apexes of 
posterior maxillary teeth and the maxillary sinus 
show that molars are closely related to this anatomical 
structure, thus requiring caution in determining 
the working length and in instrumentation during 
endodontic treatment. A large percentage of molar 
apexes were less than 1 mm from the lower wall of the 
maxillary sinus. The percentage of second molars at 
the same distance was somewhat lower, that is, 40%.

The results found in the present study corroborate 
those in the literature, mostly studies using CBCT 

Figure 5. Percentage of classification of intervals according to the distance between mandibular root apexes and lingual cortical 
plates. (DB = distobuccal root, P = palatal root, MB = mesiobuccal root, B = buccal root, P = palatal root, C = canine).
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Figure 4. Percentage of classification of intervals according to the distance between mandibular root apexes and buccal cortical 
plates. (DB = distobuccal root, P = palatal root, MB = mesiobuccal root, B = buccal root, P = palatal root, C = canine).
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measurements.6,7,12,17 The greatest discrepancies were 
found mainly in molars and in studies performing 
direct measurements in dried skulls and cadavers.4,14

The mean distances found between mandibular 
teeth and the mandibular canal were greater than 
those measured between maxillary molars and 
the maxillary sinus. However, there were negative 
minimum distances in all the groups studied, and the 
percentages of distances less than 1 mm between apex 
and mandibular canal were two digits in all apexes of 
the second molars. The present study presented results 
similar to those reported in the literature.5,8,9,13,16,17 In 
contrast, discrepant results were reported by one study 
on dried skulls with higher means,10 and another study 
using CBCT images with lower means.13

Unlike other studies in the literature,5,9,13,16,17 this 
study evaluated the measurements between apexes 
of mandibular first premolars and mental foramen, 
or the anterior extension of the mandibular canal or 
anterior canal loop. The importance of this distance 
between tooth apexes and these structures is related to 
the significant percentage of anatomical variations in 
the mandibular canal extending anteriorly. In this study 
87% of the observations corroborate these findings.

Assessment of the proximity between 
apexes and cortical plates

The position of the root apexes and their relationship 
with cortical plates and respective thicknesses were 
initially the subject of studies using dried skulls 

and cadavers.4,14,20 Later, studies used sagittal28,21,22,23 
and axial7,19 tomographic sections, but with smaller 
samples and isolated groups of teeth. The present 
study assessed the proximity of the apexes of all the 
teeth in the dental arches to their adjacent cortical 
plates, except the third molars.

The assessment of the maxilla has shown that, 
except for the dental groups of molars, the majority 
of buccal apexes are at a distance of less than 1 mm 
from the outer cortical plate. This finding indicates 
that maxillary teeth should be given more attention in 
endodontic treatment planning, mainly canines and 
premolars, since more than 80% of these teeth are at 
a high-risk distance; this finding was corroborated 
by another study using similar methodology.40 
However, about 40% of the palatal apexes of molars 
are at a high-risk distance in relation to the palatal 
cortical plate.

There were few apexes closely related to the 
buccal cortical plate in mandibular teeth. However, 
the group of second molars should be given special 
attention, since the majority of their apexes are at a 
distance less than 1 mm from the cortical plate. This 
is an interesting finding that does not seem to have 
been observed in the literature. When we performed 
the measurements, we could observe that the apical 
proximity of second molars to the lingual cortical 
plate is mainly the result of the contiguity of this 
site with the sub-mandibular fovea, which abruptly 
reduces the thickness of the bone at the region.

Figure 6. Odontogram of proximity risk as a guide for determining the working length.
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The authors were able to observe the percentage of 
occurrence of risky proximity, by grouping the data 
into risk classification tables. These tables can serve 
as a guide for performing instrumentation safely 
in endodontic treatment. We found that the higher 
the risk classification of a given apex in relation to 
anatomical or cortical structures, the higher the risk 
of complications.

It is recommended that practitioners use these data 
to provide them with a dynamic estimation to perform 
endodontic treatment planning. The present study 
presents an odontogram representing the percentage 
of risk for each root apex, This odontogram serves 

as a guide to determine the working length during 
treatment planning, when CBCT examination is not 
possible (Figure 6).

Conclusion

Most maxillary molars, mandibular molars and 
second premolars have a high-risk proximity to 
the near anatomical structures. Most maxillary 
and mandibular first premolars have a high-risk 
proximity to adjacent cortical plates. CBCT images 
are recommended for endodontic diagnosis and 
treatment when high-risk teeth are involved.
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