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Abstract

Background. The close anatomical relationship between root apices and the mandibular canal (MC) may
be of clinical importance in preventing inferior alveolar nerve (IAN) injury during the root canal treatment
(RCT) of mandibular molars.

Objectives. The aim of the present study was to evaluate the impact of the mean distance between MC
and the root apices of mandibular first and second molars on the risk of IAN injury during RCT in a Turkish
subpopulation.

Material and methods. Cone-beam computed tomography (CBCT) images of 934 patients were evalu-
ated. Mandibular molars were examined, and parasagittal sections were used to measure the shortest
linear distance between the root apex and the superior cortical border of MC.

Results. The mesial and distal roots were closer to MC in the 18—25-year age group and in females
(p < 0.05). Overall, 284 (10.5%) mesial roots were in intimate contact with orinvading MC, and 80 (3.0%)
were located very close to MC (<1.00 mm). Among distal roots, 328 (12.2%) were in intimate contact
with or invading MC, 76 (2.8%) were very close to MC, and 2,288 (85.0%) were distant from MC.

Conclusions. The risk of IAN injury during RCT was higher for the distal roots of second molar teeth,
especially in the age group of 18—25 years and in female patients.

Keywords: root canal treatment, inferior alveolar nerve, cone-beam computed tomography, mandibular
cnal, nerve injury
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Highlights
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* The distal roots of mandibular second molars showed the closest proximity to the mandibular canal (MC), repre-
senting the highest potential risk for inferior alveolar nerve (IAN) injury during root canal treatment (RCT).
* Root apices were significantly closer to MC in younger patients (18-25 years) and in females, indicating an in-

creased anatomical risk in these groups.

* A notable proportion of roots were in intimate contact with or invading MC, highlighting the importance of care-
ful working length determination and the use of cone-beam computed tomography (CBCT) in high-risk cases.

Introduction

The mandibular canal (MC) extends from the man-
dibular foramen to the mental foramen and contains
the inferior alveolar artery, inferior alveolar vein, and
inferior alveolar nerve (IAN).! Paresthesia, dysesthesia,
anesthesia, pain, and lip numbness may occur following
IAN injury.?? In a study investigating IAN neurosensory
disturbances, 19.6% of injuries occurred during dental
procedures, and 35.3% of these were reported after end-
odontic treatment.* To prevent such complications, ex-
treme caution is required during root canal treatment
(RCT) and surgical procedures in the posterior mandi-
ble because of the close anatomical relationship between
the superior border of MC and the apices of mandibular
molars.> Additionally, reduced microarchitectural bone
density may create an unimpeded pathway for mechani-
cal and chemical irritants to pass from the root apex to
IAN during RCT.

During non-surgical RCT, temporary or permanent
IAN injury may occur as a result of over-instrumentation,
inaccurate working length determination, the extrusion
of irrigating solutions, or the over-extension of root ca-
nal obturation materials.”"!! Root canal sealers, which
may exhibit neurotoxic properties before setting, can also
contribute to nerve injury.'>!? In addition, intracanal me-
dicaments may cause nerve damage, and materials such
as gutta-percha and paper points have been reported to
injure IAN through direct mechanical contact.! Further-
more, thermal injury may occur when warm obturation
techniques are employed.'® To minimize these adverse ef-
fects and reduce the risk of IAN injury, meticulous care
must be taken to avoid the extrusion of materials beyond
the apical foramen during RCT.

Cone-beam computed tomography (CBCT) provides
three-dimensional (3D) imaging with a moderate radia-
tion dose.!’® Numerous studies have demonstrated the
value of CBCT in evaluating relationships among ana-
tomical structures.!”!8 A limited number of investigations
have specifically assessed the spatial relationship between
root apices and IAN.?-2! Additionally, certain anatomical
variations — such as C-shaped canals, dens invaginatus,
radix entomolaris, and talon cusps — have been reported
to show ethnic predilections.??-2¢ Therefore, variations in

the anatomical course and position of IAN may also be
expected among different ethnic populations.

The aim of this study was to assess the mean distance
between MC and the root apices of mandibular first and
second molars in a Turkish subpopulation. The close ana-
tomical relationship between root apices and MC may be
of clinical importance in preventing IAN injury during
the RCT of mandibular molars.

Material and methods

This study was approved by the ethics committee
of Biruni University, Istanbul, Turkey (2020/36-16). In
total, 1,244 CBCT scans obtained from patients between
January 2019 and December 2019, and saved in the data-
base of the Department of Oral and Maxillofacial Radiol-
ogy were evaluated.

Eligibility criteria

The inclusion criteria were the presence of at least one fully
erupted molar with completely formed roots. The exclusion
criteria comprised molars with open apices or severe external
root resorption; anatomical variations, such as fusion,
taurodontism or radix entomolaris; and CBCT images with
artifacts that precluded the accurate visualization of MC or
measurement of the distance between root apices and MC.

In total, 934 CBCT scans met the inclusion criteria. The
age and sex of the participants were also recorded from
the patient files.

Image assessment

A GALILEOS® Comfort Plus CBCT unit (Dentsply
Sirona, Bensheim, Germany) was used to acquire the
volumetric data, and the images were analyzed using the
Sidexis software (Dentsply Sirona). The imaging param-
eters were as follows: voxel size — 0.25 mm; tube voltage
— 98 kV; and field of view (FoV) — 15 cm.

The CBCT images were evaluated independently by
aradiologist and an endodontist, each with at least 5 years
of clinical experience. The course of MC was manually
delineated, and measurements were performed by both
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examiners. As the diameter of MC may vary, the software
canal-marking tool, which applies a fixed diameter, was
used for all CBCT examinations to ensure standardiza-
tion. The same CBCT unit and software system were used
throughout the study.

Prior to the main assessment, the examiners under-
went calibration using a set of randomly selected CBCT
scans (N = 70) that were not included in the study sam-
ple. Following calibration, all images were evaluated,
and any discrepancies were resolved by discussion until
consensus was reached. The obtained Cohen’s kappa co-
efficient indicated very good inter-observer agreement
(k = 0.87).2” All evaluations were performed on an Asus
Pro A4310-BB158M All in One PC (ASUSTeK Computer
Inc., Taipei, Taiwan) equipped with a high-definition,
wide-screen LED monitor (resolution: 1,600 x 900 pixels)
under dim ambient lighting conditions.

All molar teeth were evaluated in 3 planes (sagittal, ax-
ial and coronal) to determine the shortest linear distance
between the root apex and the superior cortical border
of MC (Fig. 1). Distances <1.00 mm were classified as very
close to MC (Fig. 2).28 Distances >1.00 mm were consid-
ered distant from MC (Fig. 3).28 When the root apex was
in intimate contact with or invading MC, the distance was
recorded as 0 mm (Fig. 4).

The patients were categorized into the following age
groups: 18-25 years; 26—35 years; 36—45 years; 46-55
years; 56—65 years; and >65 years. The potential effects
of age and sex were subsequently analyzed.

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics for Windows, v. 22.0 (IBM Corp., Armonk, USA).
The normality of the data was assessed using the Kol-
mogorov—Smirnov and Shapiro—Wilk tests, which in-
dicated that the parameters were normally distributed.
Qualitative data were compared using the one-sample y?
test. The relationships between the distance from root
apices to MC and age or sex were analyzed using Student’s
t test for independent samples. One-way analysis of vari-
ance (ANOVA) was employed to compare parameters
across multiple age groups. For comparisons between
mesial and distal root apices, the paired-samples ¢ test
was used. Statistical significance was set at p < 0.05.

Tangential
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Fig. 2. CBCT image of the coronal section of the right mandibular second
molar apex very close (<1.00 mm) to the mandibular canal (MC)

Fig. 3. CBCT image of the coronal section of the right mandibular first
molar apex distant (>1.00 mm) from the mandibular canal (MC)

Fig. 1. Exemplary cone-beam computed tomography (CBCT) scan showing the panoramic view and the parasagittal sections
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Fig. 4. CBCT image of the sagittal section of the left mandibular second
molar roots invading the mandibular canal (MC)

Results

In total, 934 CBCT scans were examined from 442 men
(47.3%) and 492 women (52.7%). The patients’ age ranged
from 18 to 76 years, with a mean of 37.7 +13.6 years. In
total, 1,162 first and 1,530 second molar teeth (5,384 roots
of 2,692 teeth) were evaluated. The distances between
root apices and MC according to sex and tooth type are
shown in Table 1.

In terms of the mean distance, mesial and distal roots
were closer to MC in the 18—25-year age group as com-
pared to other age groups (p < 0.05). Mesial roots in the
26-35-year age group were significantly closer to MC than
in the 46-55-year age group (p < 0.05). Similarly, distal
roots in the 26—35-year age group were significantly clos-
er to MC than in the 46-55- and 56—65-year age groups
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(p < 0.05). In addition, in terms of both mesial and distal
roots, the mean distance in the 36—45-year age group was
significantly shorter as compared to the 46-55-year age
group (p < 0.05) (Table 2, Fig. 5). With respect to sex, both
mesial and distal root apices were significantly closer to
MC in females than in males (p < 0.05) (Table 2).

Overall, 284 (10.5%) mesial roots were in intimate con-
tact with or invading MC, 80 (3.0%) were very close to
MC, and 2,328 (86.5%) were distant from MC. A total
of 328 (12.2%) distal roots were in intimate contact with
or invading MC, 76 (2.8%) were very close to MC, and
2,288 (85.0%) were distant from MC (Table 3).

In the comparison of the mean distances of the mesial
and distal root apices of first and second molars to MC,
the distal roots of first and second molars were closer to
MC than mesial roots (p < 0.05) (Table 4).

Table 2. Mean distances between root apices and the mandibular canal
(MQ) for all teeth included according to age group and sex [mm]

Variable Mesial root Distal root
<25 3.16 +£2.51 2.80 £2.46
26-35 446 £2.96 4.16+£2.82
Age group 36-45 4854282 4434273
[years] 46-55 520 £2.92 5.00 £2.87
56-65 4.86 £3.00 495 +3.04
>65 558 £1.85 536 £3.02

p-value' 0.000* 0.000*
Sex M 4.96 +£3.08 4.62 +3.02
F 3.62 £2.54 3354253

p-value? 0.000* 0.000*

Data presented as mean + standard deviation (M +SD).
" one-way ANOVA; 2 Student's t test; * statistically significant (p < 0.05).

Table 1. Distances between root apices and the mandibular canal (MC) according to sex and tooth type [mm]

M 282 (10.5) 0.00 13.03
Left first F 310(11.5) 0.00 13.80
molar
total 592 (22.0) 0.0 13.80
M 374(13.9) 0.00 1566
Leift s2.2aind F 398 (14.8) 0.00 1054
molar
total 772 (287) 0.00 15.66
M 282 (10.5) 0.00 1350
Right first F 288 (10.7) 0.00 13.14
molar
total 570(21.2) 0.00 1350
M 366 (13.6) 0.00 1251
Right second
F 392 (14.6) 0.00 1232
molar
total 758 (28.2) 0.00 12551
M 1,304 (48.4) 0.00 1566
Total F 1,388 (51.6) 0.00 13.80
total 2,692 (100.0) 0.00 1566

Distal root
551 +3.07 282 (10.5) 0.00 1297 523 +3.06
423 +£2.35 310(11.5) 0.00 14.01 3.98 £2.48
4.84 £2.79 592 (22.0) 0.00 14.01 4.56 £2.84
451 £3.08 374 (13.9) 0.00 1544 4154291
2.94 £2.40 398 (14.8) 0.00 10.62 2.81£240
3.70 £2.86 772 (28.7) 0.00 15.44 346 £2.74
5.79 £3.00 282 (10.5) 0.00 13.16 5.53+298
459 +2.53 288 (10.7) 0.00 12.69 4.20 +2.68
518 £2.83 570(21.2) 0.00 13.16 4.85+2.90
436 +2.95 366 (13.6) 0.00 11.26 3.94 £2.88
3.09 £248 392 (14.6) 0.00 10.25 2.79£2.28
3.70£2.79 758 (28.2) 0.00 11.26 3.35+2.65
4.96 £3.08 1,304 (48.4) 0.00 1544 462 £3.02
3.61+£253 1,388 (51.6) 0.00 14.01 3354253
4.26 £2.89 2,692 (100.0) 0.00 1544 3.97 £2.85

M — male; F - female; min — minimum; max — maximum; M — mean; SD — standard deviation.



Dent Med Probl. 2026;63(1):111-118

== mesial root ~&— distal root

15

Table 4. Comparison of the mean distances of the mesial and distal root
apices of first and second molars to the mandibular canal (MC)

‘ First molar 1,162 5.01 £2.81 471 +2.87 0.000*
‘ Second molar 1,530 3.70£2.82 3.40 +2.70 0.000* ‘
— ‘ Total 2,692 426 +2.89 3.97 £2.85 0.000% ‘

distance to MC [mm]
© = N O b O O N O ©

<25 26-35 36-45 46-55

age groups [years]

56-65 >65

Fig. 5. Distances between mesial and distal root apices and the mandibular
canal (MQ) for different age groups

Discussion

Only a limited number of studies have investigated the
relationship between root apices and MC from an end-
odontic perspective, using CBCT.?* These studies
measured the distance between root apices and MC in
mandibular molars, and reported that the distal roots
of second molars were in the most intimate contact with
MC, followed by the mesial roots of second molars.?>°
Kim et al. previously confirmed the reliability and accu-
racy of CBCT for measuring the proximity between ana-
tomical structures.3! Therefore, the present study utilized
CBCT images to evaluate the relationship between the
root apices of first and second molars and MC in a se-
lected subpopulation.

In the current study, the shortest distance between
root apices and MC was observed in the 18—-25-year age
group. Similarly, Biirklein et al. reported that the distance
between MC and root apices increases with age.?! These
findings may be attributed to the continued growth of the
facial skeleton during young adulthood.?!2831-34

Consistent with several previous studies,?"?® the present
results demonstrated shorter distances between root api-
ces and MC in females as compared to males. This finding
suggests that the risk of IAN damage may be greater in
females than in males.3%¢ Females generally have smaller
body dimensions than males, which may account for the
reduced distance between root apices and MC observed
in women.

Table 3. Distance classifications according to tooth type

* statistically significant (p < 0.05; paired-samples t test).

Among the molar teeth examined, MC was located
closer to the mesial and distal root apices of second mo-
lars than to those of first molars. Furthermore, in both
first and second molars, distal roots were closer to MC
than mesial roots. These findings are consistent with pre-
vious research.!®? This anatomical proximity may help
explain the higher incidence of paresthesia reported after
the endodontic treatment of second molars.?’

The results of the present study demonstrated that the
distal roots of second molars were not only the closest to
MC, but also exhibited the highest percentage of intimate
contact with or invasion of MC. Additionally, 11.4% of the
evaluated mandibular molars had root apices that were
in intimate contact with or invading MC. Consistent with
these findings, Chong et al.’ and Oliveira et al.*® found
intimate associations between MC and root apices in
more than 8% and 50% of cases, respectively. In contrast,
Lvovsky et al. reported that 3.4% of the roots assessed in
their CBCT study were in intimate contact with MC.%
These discrepancies among studies may be attributable
to differences in genetic background and ethnicity across
the populations examined.

The findings regarding the proximity of root apices to
MC have important clinical implications. They indicate
that the extrusion of irrigating solutions or filling mate-
rials, as well as over-instrumentation, may result in iat-
rogenic injury to IAN.*4! Therefore, the accurate deter-
mination of the working length is essential not only to
minimize the risk of IAN injury, but also to ensure the suc-
cess of endodontic treatment, particularly in cases where
root apices are in intimate contact with or invade MC. As
suggested in previous research, the use of new-generation
apex locators in combination with conventional radio-
graphic techniques may provide more accurate working
length determination than either method used alone.*?

Distance classification Left first molar Left second molar Right first molar | Right second molar Total

(n=592) (n=772) (n=570) (n=758) (N=2,692)
intimate contact/invading 34(5.7) 110 (14.2) 24(4.2) 116 (15.3) 284 (10.5)

Mesial root very close 2(0.3) 28 (3.6) 22 (3.9) 28 (3.7) 80 (3.0)
distant 556 (93.9) 634 (82.1) 524(91.9) 614 (81.0) 2,328 (86.5)
intimate contact/invading 32(54) 114 (14.8) 42 (7.4) 140 (18.5) 328(12.2)

Distal root very close 14 (2.4) 32(4.0) 10(1.8) 20(2.6) 76 (2.8)
distant 546 (92.2) 626 (81.1) 518 (90.9) 598 (78.9) 2,288 (85.0)

Data presented as number (percentage) (n (%)).
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Symptoms indicative of IAN injury may include acute
pain or paresthesia, and can progress to inflammation and
edema.®®* Contemporary endodontic practice empha-
sizes minimally invasive approaches supported by mag-
nification and enhanced illumination systems.?* These
modern techniques may be beneficial in the management
of cases involving IAN injury following RCT.%647

In an analysis of 134 CBCT scans, Chong et al. reported
that MC was located <3 mm from root apices in 54.8% of cas-
es.!® However, the authors did not explain the rationale for
selecting <3 mm as the reference threshold. In the present
study, a distance of <1 mm was defined as ‘very close; based
on previous reports indicating that the accuracy of elec-
tronic apex locators ranges from 90% to 100% within +1 mm
of the apical foramen.?**% The recommended technique
when using an electronic apex locator is to advance the in-
strument to the apical foramen until the apex is indicated,
and then withdraw it 0.5-1 mm coronally.*® However, in
cases where the root apex is in intimate contact with MC,
this approach may increase the risk of nerve injury.

Limitations

Although the risk of IAN injury during RCT is greatest
when root apices invade MC, the risk remains consider-
able in cases of intimate contact. For this reason, the roots
invading MC and those in intimate contact with it were
categorized together in the present study. This approach
may be regarded as a limitation.

One of the inclusion criteria was the presence of at least
one molar tooth. However, when the adjacent molar is
missing, the remaining molar may undergo mesio-distal
inclination over time. Such positional changes could have
influenced the measured mean distances, and therefore
represent an additional limitation. Future studies may ad-
dress this issue by including only cases in which both first
and second molars are present bilaterally.

Furthermore, factors such as ethnicity and certain sys-
temic medical conditions may influence the risk of IAN
injury during RCT. Endodontic procedures should there-
fore be performed with particular caution in populations
reported to have shorter distances between root apices
and MC, as well as in patients with medical conditions
that may impair healing.

Conclusions

We conclude that the shortest distance between root
apices and MC is observed in the distal roots of second
molars, particularly in patients aged 18—-25 years and in
female individuals. Cases in which root apices are in inti-
mate contact with or invade MC are representing a clini-
cally relevant anatomical finding.

CBCT imaging, which clearly demonstrates the rela-
tionship between anatomical structures without superim-
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position, may serve as a valuable tool for identifying high-
risk cases and minimizing the likelihood of iatrogenic
IAN injury.
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