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ABSTRACT

The loss of teeth leads to disorders of the maxillofacial system, primarily causing bone atrophy, which by its destruc-
tive and morphological changes, affects the topographic features of the mandibular canal(s), causing a vector of
restrictions in planning the rehabilitation of such patients.

To clarify these features, we conducted a study with the analysis of 2,457 3D digital images and a detailed morpho-
metric study of 136 CT scans with the creation of 3D reconstruction models of the mandibular canal(s).

The identified anatomical variants and their systematization led to the aim to develop an informative anatomical
and topographic classification of the mandibular canal with bone atrophy caused by the loss of the masticatory
teeth for implementation in daily clinical practice.

In the body of the lower jaw, with a preserved dentition, the most common manifestations of the variant anatomy
are bifid branches of the mandibular canal and, less often — trifid modifications that have a clear X-ray visualiza-
tion. Also, additional independent canals with separate exit foramina on the outer surface of the chin area are
diagnosed. However, their visualization is lost in the jaw with bone atrophy, leaving a reference point for the main
trunk of the canal.

The results obtained confirm the expediency of creating an anatomical and topographic classification as an effec-
tive diagnostic tool to solve the problems of reconstructive, minimally invasive surgery presented in this paper.
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INTRODUCTION

Innovative development of medical progress
provides an opportunity to choose effective, clini-
cally proven methods for solving complex problems
[1,2]. However, bone atrophy causes its vector of rel-
evance and effectiveness in the applications of such
innovations [3]. The proposed minimally invasive
rehabilitation of patients with severe bone atrophy
due to defects in the dentition or complete adentia,
based on two implants [4,5], is often limited by its
indications, due to the justification of the method of
their use.

In turn, the results of clinical trials prove the ef-

and partial compensation of lost volume by sup-
pressing RANKL and IL-17A [6,7] under the condi-
tions of existing pathology.

PRF (Platelet Rich Fibrin) and PRGF (Plasma Rich
in Growth Factors) techniques are widely used,
which differ in their effectiveness in directed bone
regeneration in combination with osteotropic
(bone-replacing) materials or their monocompo-
nent use [8,9].

The issues of rehabilitation of patients with ac-
quired bone atrophy due to the loss of the masticato-
ry teeth remain uncoordinated, which has now be-
come topical for in-depth research, thanks to

fectiveness of achieving bone remodeling processes

available diagnostic methods, with all the morpho-
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logical structures that lie in it and with their topo-
graphic features [10-14].

Updated results of anatomical variation of the
mandibular canal(s) have forced researchers to re-
consider existing traditional claims [15-17] taught
in educational institutions and justify their imple-
mentation in clinical practice.

Detailing the topography of the mandibular ca-
nal with its possible individual morphological char-
acteristics is undoubtedly essential, both for pre-
venting iatrogenic effects and for adequate
rehabilitation of patients to restore the function of
the maxillofacial system of patients or performing
deep surgical interventions in these areas.

AIM

Based on the identified anatomical variants and
our attempt to systematize them, this study aimed to
develop an informative anatomical and topographic
classification of the mandibular canal with bone at-
rophy caused by the loss of the masticatory teeth for
implementation in daily clinical practice.

MATERIALS AND METHODS

The paper pre-analyzed 2,457 3D digital images,
including 136 studies with a precise laying of the man-
dibular canal obtained using an extra-oral computed
tomography system Vatech PaX-i 3D Green with 0.5
mm focal spot display (EC60336) on a 14-bit grayscale
scale with a size of 0.2/0.3 voxels. Morphometric and
3D reconstruction analysis was performed using
HEWLETT-SNCPUM1 computer technology with 16.0
GB of RAMB, 10 Pro for Workstations, 2019:00391-
70000-00000-AA425, in the standardized computed
tomography software “Vatech original 2020” after
that, the material was divided according to the age of
patients into four groups for each side, namely: the
first group (I) — 25-45 years, n=14; the second group (II)
- 46-60 years, n=20; the third group (III) 61-75, n=17;
the fourth group (IV) — 25-75 years, n=17, people with
preserved dentition (control group).
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Morphometric studies (Figure 1), in the expres-
sion of absolute values, the location of the mandibu-
lar canal was carried out in the projection of the
missing 3.7, 3.6, 4.6, 4.7 teeth relative to A) — the
ridge of the mandibular base (RMB); B) — the buccal
surface of the mandibular body (BR); C) - the lingual
surface of the mandibular body (LR).

We used nonparametric statistical methods to
compare the experimental groups with the control
group using the Mann-Whitney U test. Comparison
of groups by age — using the multidimensional the
Kruskal-Wallis test, as an alternative intergroup
analysis of variance, which is used to compare three
or more samples, in order to test null hypotheses ac-
cording to which different samples were taken from
the same distribution with similar medians.

This study was conducted after patients familiar-
ized themselves with and signed informed consent
to participate in research in compliance with the
main provisions of the GCP (1996), the Council of Eu-
rope Convention on Human Rights and Biomedicine
(dated 04.04.1997), the World Medical Association
Declaration of Helsinki on ethical principles for con-
ducting scientific medical research involving hu-
man subjects (1964-2013), order of the Ministry of
Health of Ukraine No. 690 dated 23.09.2009 Ne 616
dated 03.08.2012. The planned direction of these
studies was reviewed by the Commission on bio-
medical ethics of Bukovinian State Medical Univer-
sity (Chernivtsi, Ukraine) and approved by Protocol
No. 2 0f 21.10.2021.

RESULTS

Anatomical awareness plays an important role
in planning reconstructive surgical interventions, in
particular, transposition of the neurovascular bun-
dle, as well as its laying in the mandibular canal(s)
with the places of their furcations (two or more), and
in carrying out directed regeneration of bone tissue.

In the previous study, we presented [18] the clas-
sification of the topography of the mandibular canal

FIGURE 1. 3D reconstruction model for studying the topography of the main mandibular canal on the toothless segment,
sections in the sagittal plane
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(Table), which has become a clear and accessible di-
agnostic criterion, a significant theoretical achieve-
ment in topographic anatomy, and a tool of clinical
thinking, but requires detail regarding the morpho-
logical structure of the canal: the diametric volume
of the entrance and variants of the exit fora-
men(-ina), the length of the main trunk to its furca-
tions, the density of the canal walls, etc.

TABLE 1. Classification of the topography of the human
mandibular canal in case of bone atrophy caused by
the loss of bone tissue of the masticatory teeth, 2022
(Oshurko AP, Oliinyk 1Yu & Kuzniak NB)

Class Age, years | RMB, mm | BR, mm LR, mm
First class <45 7.2 4.8 2.9
(I-cl) (®7.0) (°5.0) (°3.0)
Second class >45 8.0 5.3 3.3
(N-cl)

Note: RMB — distance from the ridge of the mandibular base to the man-
dibular canal (MC); BR — distance from the ridge of the buccal surface to
the MC; LR —distance from the edge of the lingual surface to the MC. (>...)
— a sign of approaching a specific number.

After conducting studies and carefully analyzing
them, we found that additional canals are visual-
ized in the control group (individuals with a pre-
served dentition, 25-75 years old) [19]. They branch
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off the main trunk or have independent laying with
differentiation of entrance and exit foramina (Fig-
ure 2).

The most common manifestations of the variant
anatomy are bifurcation branches with a slightly
smaller tube diameter in the projection of the first
sizeable angular tooth (first molar) with one type or
two exit foramina and different localization and di-
rections of their opening (Figure 3).

With a lower frequency, there are variants of the
mandibular canal with a trifurcation branch (Fig-
ure 4) at different distances, with atypical locations
of their exit foramina both posteriorly from the
main trunk and near the middle.

Anatomical multifacetedness of the canal(s) var-
iant with the same topographic laying’s in the man-
dibular body preserves the priority X-ray visualiza-
tion of the main trunk and the typical opening
between small molars (Figure 5, 6). However, it indi-
cates the autonomy of canals, the beginning of
which is laid by a common entrance foramen. We
assume that by different functional purposes. For
the convenience of clinical interpretation, we have
assigned them to the group of morphological vari-
ants — polycanal type of the lower jaw. Differential
variant diagnosis is not difficult in well-mineralized

FIGURE 2. 3D reconstruction model of the variant anatomy of the mandibular canals and their entrance and exit foramina:
A) single-canal morphology of the lower jaw on the right side with one (typical) exit foramen and polycanal — on the left
side with three exit foramina; B) projections of (typical) entrance foramina on the right and left sides of the lower jaw.

FIGURE 3. 3D reconstruction model of the variant anatomy of the bifurcation type of the mandibular canal and its exit

foramina: A) single-canal bifurcation type with two separate exit foramina on the right side; B) a 3D reconstruction
model of the bifurcation type of the morphological structure of the canal.
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FIGURE 4. 3D reconstruction model of the variant anatomy of the trifurcation type of the mandibular canal and its exit
foramina: A) single-canal trifurcation type with three separate exit foramina on the left side; B) a 3D reconstruction
model of the trifurcation type of the morphological structure of the canal.

FIGURE 5. 3D reconstruction model of the variant anatomy of the polyfurcation type of the mandibular canal and its exit
foramina: A) two-canal bifurcation type with two separate exit foramina on the right side; B) 3D reconstruction model of
a two-canal variant of the morphological structure of canals on the right side.

e — I'.-

FIGURE 6. 3D reconstruction model of the variant anatomy of the polyfurcation type of the mandibular canal and its exit
foramina: A) three-canal type with three separate exit foramina on the left side; B) 3D reconstruction model of a three-
canal variant of the morphological structure of canals on the left side.

trabecular layers of jaw bone tissue. The frequency This justification is caused by the complexity in
of manifestations of polycanal types of the lower the study of their differentiation due to the ratio and
jaw is not high, and they are challenging to diagnose topographic variability even at short intervals of the
and cannot be traced in toothless jaws with low bone mandibular body. Also, their displacement is noted

density. relative to the most stable and steady atrophic
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< (*
FIGURE 7. 3D-reconstruction model of the variant anatomy of the polycanal type of the lower jaw with a unifying exit

foramen: A) two-canal type with one exit foramen on the right side; B) 3D reconstruction model of a two-canal variant of
the morphological structure of canals on the right side.

changes in the sides of the lower jaw - the lingual ing an imprint of the transferred destructive and
and lower ridge of the base of its body. 3D recon- inflammatory processes or their presence for the
struction reproduction is excluded by superimpos- duration of the study.

I. By anatomical variation:
1.1. Single-canal type (single-tube — A, bifurcation — B, trifurcation — C)

1.2. Polycanal type (two-canal — A and B, multi-canal —

Il. By topographic ratio:

First class (I-cl, < 45 years old):

— RMB, distance from the ridge of the mandibular base to the mandibular canal — 7.2 (=7.0) mm;
— BR, distance from the ridge of the buccal surface to the mandibular canal — 4.8 (=5.0) mm;

— LR, distance from the ridge of the lingual surface to the mandibular canal — 2.9 (=3.0) mm.
Second class (ll-cl, > 45 years old);

— RMB, distance from the ridge of the mandibular base to the mandibular canal — 8.0 mm;

— BR, distance from the ridge of the buccal surface to the mandibular canal — 5.3 mm;

— LR, distance from the ridge of the lingual surface to the mandibular canal — 3.3 mm.

Note: (=...) — a sign approaching a specific number.

FIGURE 8. Anatomical and topographic classification



RomaNIAN JOURNAL OF StomaToLoGy — VoLuMe 68, No. 4, 2022

There are variants of a two-canal lower jaw with
a unifying exit foramen (Figure 7), which remain
difficult to diagnose and pose risks during recon-
structive surgical interventions or even treatment
of fractural displacements during jaw fractures. Af-
ter all, their close location, a slight difference in dia-
metric ratios, can make up a false diagnostic imagi-
nation, especially with low bone density reflected in
its tunnel structure.

A description is presented with a 3D reconstruc-
tion of the mandibular canal(s), taking into account
our previous studies’ results (see below). Classifica-
tion of the topography of the human mandibular
canal in case of bone atrophy caused by the loss of
bone tissue of the masticatory teeth, 2022 (Oshurko
AP, Oliinyk IYu & Kuzniak NB) [18] prompted the
creation of a new anatomical and topographic classi-
fication of the mandibular canal, which combines
into a universal diagnostic criterion that covers the
topographic features of the canal(s) in the toothless
segments of the body of atrophied bone tissue of the
lower jaw, which is presented below (Figure 8).

DISCUSSIONS

The intensity of the study of the morphological
variation of the mandibular canal increases every
time. It is updated with a load of information that
requires both theoretical (research) and practical
testing.

Work (Langlais RP, Broadus R, Glass B]) with a
high level of citation more than 290 times, conduct-
ed using a simple 2D X-ray image back in 1985, was
published on the pages of the Journal of the Ameri-
can Dental Association, already indicated the detec-
tion of a bifid manifestation of the mandibular ca-
nal [20].

Nowadays, most authors direct their research to
the application of classification by Naitoh [21],
which characterizes the anatomical variation of the
mandibular canal in individuals with a preserved
dentition.

With bone atrophy caused by the loss of the mas-
ticatory teeth, there is a morphological restructur-
ing of the mandibular body and morphofunctional
structures, such as the mandibular canal(s). There-
fore, to build a classification, it becomes necessary
to take the laying of the canal as the primary,
well-visualized tubular tunnel, its topography rela-
tive to the lingual and buccal surfaces, and the low-
er edge of the mandibular body. Such systematiza-
tion requires taking into account individual
variant-anatomical manifestations of the «canal sys-
tem», their degenerative changes depending on the
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time of tooth loss or the duration and course of de-
structive processes of bone tissue, which are reflect-
ed in the topographic features of the mandibular
canal(s), during computed tomographic studies.

We did not consider postmolar branches with a
high frequency of manifestations and variability
since their topography did not have a particular sig-
nificance in our work. We only conducted a condi-
tional analysis of them during the study and clinical
experiment. We agree that understanding their to-
pography in this jaw area is essential during atypi-
cal operations to extract retinized wisdom teeth or
collect a bone autograft [22,23].

Authors [24], in the summary of their work, note
that «Bifid and trifid mandibular canals result from
abnormal fusions of nerve canals». However, there
is a high frequency of manifestations of bifid man-
dibular canals of bifid and trifid modifications
[25,26]; although they differ in the presented values
of manifestation in the given percentages from the
number of the objects under study, it gives the right
to challenge such «assumptions» and assert their
normal anatomical variation.

We present the term «main canal», which is al-
ways well visualized at different types of density
and even with pronounced processes of bone atro-
phy. The same opinion is accompanied in the re-
search work [27] with the confirmation that the
identified canals are additional, are laid separately
from the main trunk, or merged with it, at different
intervals and with different variations of branches.

This research topic will remain debatable for the
next few years; the newer the capabilities of option-
al software tools, the more filled with updated re-
sults of normal anatomy [28], which become guides
in clinical application.

CONCLUSIONS

Bifurcation of the mandibular canal with bifid
and trifid modifications are normal anatomical var-
iants.

The mandibular canal has a clear X-ray visuali-
zation and functional-architectonic structure and is
its central canal. Canals that branch off from the
main trunk, or are laid separately at different inter-
vals of the mandibular body, are additional.

Anatomical and topographic classification of the
mandibular canal, 2022 (Oshurko AP, Oliinyk IYu &
Kuzniak NB), which covers its morphological and
topographic features and combines them into a sin-
gle universal diagnostic criterion, has been tested
and implemented in clinical use and has a scientific
basis.



166

REFERENCES

1.

10.

11.

12.

13.

14.

Schneider D, Sax C, Sancho-Puchades M, Hammerle CHF, Jung RE.
Accuracy of computer-assisted, template-guided implant placement
compared with conventional implant placement by hand — An in vitro
study. Clin Oral Implants Res. 2021;32(9):1052-60.

Alevizakos V, Mitov G, Schiller M, von See C. Ridge augmentation — The
new field of computerized guided surgery: A technical note for
minimal-invasive bone splitting. Clin Case Rep. 2021;9(4):2390-6.
Ihde SKA. The “Specialist Standard” has Changed in Oral Implantology.
Ann Maxillofac Surg. 2021;11(2):215-6.

Dhondt R, Quirynen M, Tarce M, Teughels W, Temmerman A, Jacobs R.
The accuracy of probing, ultrasound and cone-beam CT scans for
determining the buccal bone plate dimensions around oral implants

— A systematic review. J Periodontal Res. 2022;57(4):754-67.

Patil PG, Seow LL, Uddanwadikar R, Pau A, Ukey PD. Stress and strain
patterns of 2-implant mandibular overdentures with different
positions and angulations of implants: A 3D finite element analysis
study. J Prosthet Dent. 2022;24:50022-3913(21)00420-0.

6. Lee J, Min HK, Park CY, Kang HK, Jung SY, Min BM. A vitronectin-
derived peptide prevents and restores alveolar bone loss by
modulating bone remodelling and expression of RANKL and IL-17A. J
Clin Periodontol. 2022;49(8):779-813.

Zhang T, Zhao K, Han W, Yang W, Lu X, Liu Q et al. Deguelin inhibits
RANKL-induced osteoclastogenesis in vitro and prevents inflammation-
mediated bone loss in vivo. J Cell Physiol. 2019;234(3):2719-29.
Sulistyani LD, Julia V, Ariawan D, Utomo YA, Reksoprodjo MR, Sandi
WHS. Efficacy of Platelet-rich Plasma on Promoting Bone Healing in
Maxillofacial Defects: A Systematic Review. J Int Dent Med Research
2022;15(1):376-82.

Aw AAL, Leeu JJ, Tao X, Bin Abd Razak HR. Comparing the efficacy of
dual Platelet-Rich Plasma (PRP) and Hyaluronic Acid (HA) therapy with
PRP-alone therapy in the treatment of knee osteoarthritis: a
systematic review and meta-analysis. J Exp Ortop. 2021;8(101):1-15.
Nickenig H-J, Safi A-F, Matta R-E, Zoller JE, Kreppel M. 3D-based
full-guided ridge expansion osteotomy — a case report about a new
method with successive use of different surgical guides, transfer of
split-ting vector and simultaneous implant insertion. J Craniomaxillofac
Surg. 2019;47(11):1787-92.

Gaur V, Doshi AG, Palka LR. Mandibular reconstruction using single
piece zygomatic implant in conjunction with a reinforcing Fibular Graft
Union: A case report. Int J Surg Case Rep. 2020;73:347-54.

Reda R, Zanza A, Mazzoni A, Cicconetti A, Testarelli L, di Nardo D. An
Update of the Possible Applications of Magnetic Resonance Imaging
(MRI) in Dentistry: A Literature Review. J Imaging. 2021;7(75):1-17.
Arias A, Venegas C, Soto N, Montiel I, Farfan C, Navarro P et al.
Location and course of the mandibular canal in dentate patients:
morphometric study using cone-beam computed tomography. Folia
Morphol (Warsz). 2020;79(3):563-9.

Tan WY, Ng JZL, Bapat RA, Chaubal TV, Kanneppedy SK. Evaluation of
anatomic variations of mandibular lingual concavities from cone beam
computed tomography scans in a Malaysian population. J Prosthet
Dent. 2021;125(5):766.e1-766.€8.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

RomaNiaN JoURNAL OF StomaToLoGY — VoLuME 68, No. 4, 2022

Varvara G, Feragalli B, Turkyilmaz I, D’Alonzo A, Rinaldi F, Bianchi S et
al. Prevalence and Characteristics of Accessory Mandibular Canals: A
Cone-Beam Computed Tomography Study in a European Adult
Population. Diagnostics (Basel). 2022;12(8):1885.

Mili¢evic A, Salari¢ |, Pani¢ P, Mili¢evi¢ H, Macan K, Orihovac Z et al.
Anatomical Variations of the Bifid Mandibular Canal on Panoramic
Radiographs in Citizens from Zagreb, Croatia. Acta Stomatol Croat.
2021;55(3):248-55.

lliescu VI, Cismag SC, Truta RI, Gherghita OR, Nimigean V, Nimigean VR.
Bifid mandibular canal —a case report. Rom J Morphol Embryol.
2021;62(2):633-6.

Oshurko AP, Oliinyk IYu, Kuzniak NB. Classification of the topography of
the mandibular canal in case of bone atrophy caused by the loss of the
masticatory teeth. Bulletin of Problems in Biology and Medicine.
2022;2(164):131-5 (in Ukrainian).

Oshurko AP, Oliinyk 1Yu, Kuzniak NB. Variant anatomy of the
mandibular canal topography. Reports of Morphology. 2022;28(2):62-8
(in Ukrainian).

Langlais RP, Broadus R, Glass BJ. Bifid mandibular canals in panoramic
radiographs. J Am Dental Assoc. 1985;110(6):923-6.

Okumus O, Dumlu A. Prevalence of bifid mandibular canal according to
gender, type and side. J Dent Sci. 2019;14(2):126-33.

Kang F, Sah MK, Fei G. Determining the risk relationship associated
with inferior alveolar nerve injury following removal of mandibular
third molar teeth: A systematic review. J Stomatol Oral Maxillofac
Surg. 2020;121(1):63-9.

Dharmapala RMAU, Satharasinghe DM, Silva SPI, Jeyasugiththan J.
Medical Physics Determination of safe zone of the mandible for
implant and bone harvesting (using CBCT) of mandible in a group of Sri
Lankan subjects. Journal of the National Science Foundation of Sri
Lanka. 2022;50(1):65-72.

Asghar A, Priya A, Ravi KS, lwanaga J, Tubbs RS, Naaz S et al. An
evaluation of mandibular canal variations: a systematic review and
meta-analysis. Anat Sci Int. 2022 Aug 29;1-9.

Elnadoury EA, Gaweesh YSE, Abu El Sadat SM, Anwar SK. Prevalence of
bifid and trifid mandibular canals with unusual patterns of nerve
branching using cone beam computed tomography. Odontology.
2022;110(1):203-11.

Zhou X, Gao X, Zhang J. Bifid mandibular canals: CBCT assessment and
macroscopic observation. Surg Radiol Anat. 2020;42(9):1073-9.
Iwanaga J, Takeshita Y, Matsushita Y, Hur MS, lbaragi S, Tubbs RS. What
are the retromolar and bifid/trifid mandibular canals as seen on
cone-beam computed tomography? Revisiting classic gross anatomy of
the inferior alveolar nerve and correcting terminology. Surg Radiol
Anat. 2022;44(1):147-56.

Komal A, Bedi RS, Wadhwani P, Aurora JK, Chauhan H. Study of Normal
Anatomy of Mandibular Canal and its Variations in Indian Population
Using CBCT. J Maxillofac Oral Surg. 2020;19(1):98-105.



