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SIGNIFICANCE OF VARIABILITY OF ANATOMICAL

AND TOPOGRAPHIC FEATURES OF THE MANDIBULAR CANAL(S)
IN CLINICAL DENTISTRY

SHAYEHHSA BAPIAHTHOCTI AHATOMO-TOIIOI'PA®IYHHUX
OCOBJIUBOCTEM KAHAJY (KAHAJIIB) HUKHBOI HIEJIEITHA

Y KJITHIYHIA CTOMATOJIOITI

Pe3tome. ¥V naniil po6OTI IIpencTaBIeHO apryMEHTH 3aCTEPEXEHHs LI00 MOXJIUBOIO SITPOI€HHOIO BIIJIMBY
i 9ac IPOBEACHHS ONOHTONOTIYHUX YH PEKOHCTPYKTUBHHUX ONEPaTUBHUX BTPY4aHb Ha 3y0O-IeNenHil cuc-
TEMi, a TAKOXK ypaxyBaHHI MOPQOJIOTITHOI BapiaHTHOCTI Ta Tomorpadii kaHaty (KaHaTIB) HUKHBO] IIEIIETIH, 31
30epekeHHSIM (YHKIIOHANBHOCTI Horo (iX) MOp(hOJIOTIYHIX CTPYKTYD.

Merta gociiKeHHs oJsirae B 00IpyHTYBaHHI HEOOX1THOTO PO3yMiHHSI 0COOMUBOCTEH MOP(HOIOTTYHUX Bapi-
aHTIB Ta MPOKJIaIaHHs KaHaTy (KaHaIIiB) HUKHBOI IIENEITH, 118 30epekeHHs MOp(o-PyHKITIOHATFHUX BIACTH-
BocTel oro (iX) CTPYKTYp, MijJ yac NPOBEAEHHS CTOMATOJIOTTYHIX KOHCEPBATUBHO-XIPYPTidHUX BTPyYaHb.
Marepiai i Metomu. [Iposenennii ckpuHinT 1000 b pOBHX CETMEHTApHUX 3aITHCIB PEHTTEHOIOTIYHUX JOCITi-
JUKCHD HIDKHBOI ITISIICTIH JIIOMUHA BiKOM Bifl 25-75 poKiB Ta BUSABIECHO 58 i3 HUX, IO BIZOOPaKAfOTh STPOTCH-
HHU BIUTUB HA ii 1T03aKOpeHeB1 MOPQOJIOTIUHI CTPYKTYPH.

Pesynwsrati mocmimxens Ta ix o0roBopeHHs. OIOHTONIOTIYHA ATPOTEHHICTh XapaKTePU3yEThCs TBOSKIMH I1a-
TOETIOJNIOTIYHUMH O3HAKaMU BIUIMBY Ha MEpHAIliKaabHI Ta MPUIErIi MOPQOJIOTiuHI YTBOPSHHS 4Yepe3 i1 Me-
XaHIYHYy # TpuBaiy XimiuHy aii. [1ig yac MexaHi4HOT [ii, MePIIOYEPrOBUM HATOIOTIYHUM MPOSIBOM € ilIeMis,
y JAaHOMY BHIAIKy HEPBOBOTO-CYAMHHOTO ITy4YKa, 3 Pi3HUM CTYIIEHEM HOTO YIIKOMKeHHs, IO Haaami BiJo-
OpakaTUMEThCsl Ha 3BOPOTHOMY (BJIIaCHOMY) UM HE3BOPOTHOMY, 200 K YMOBHO 3BOPOTHOMY (2HACTOMO3YIO-
4OMY) BiJHOBJIEHHI. Y BUIAJIKy XiMi4HOI Iii — CIIOCTEPIraroTh MPOSBU JECTPYKTUBHHUX 3MiH 13 MPOrpecylo-
YHUM CTYIIEHEM HEKPO3y, 3aJIe)KHO BiJl TOXOPKEHHS Ta KOHLEHTpalii €Ti0JIOriYHOro YNHHMKA, 110 B OLTBLIOCTI
BHITaJIKiB HaOyBaIOTh HE3BOPOTHIM Xapakrtep. [larosoriuni nponecu Ta atpodis KiICTKOBOI TKAHHHU HUXKHBOT
IeJIey, 3yMOBJIeHa BTPATOI JKYBaJbHOI TpyNH 3y0iB, 3HIKYIOTh JIarHOCTHYHY AMQepeHIliamiro aHaToMO-
TororpadivHUX 0coONMMBOCTEH KaHay (KaHaIIiB) HIDKHBOI IS .

BucnoBkn. Hepo3ymiHHS iHAWBITyaIbHAX aHATOMITHUX BapiaHTIB Ta Tonorpadii kaHary (KaHaIiB) HIDKHBOI TTIeTIe-
TTH, 11T 9aC TIPOBENECHHS PEHTTCHOJIOTTYHHX JTOCIIHKEHD 3 METOIO IIAaHyBaHHS CTOMATOJIOTIYHIX ONIEPAaTHBHUX BTPY-
YaHb, TIPU3BOJIUTH JIO TOIIKOPKEHHS HOTO MOPQOJIOTIUYHUX CTPYKTYp. ByIb-sika TpaBMaTu3altisi HepBOBO-CYIIHHHOTO
IydKa, 10 MPOKJIAIAE€ThCs Y KaHatl (KaHajlax) HHKHBOI IIEJIeTTH BUPaXaeThCs MPONPIOpeIeNTUBHUMHE PO3JiaiaMy
Ha JIISTHKaxX Horo iHHepBallii, epuio4eproso, Ta 3anaibHO-pe30pOLiHHUMY TIPOIIecaMul, Yepe3 HOPYILEeHHS X JKH1B-
neHss1. CTyTiHb STPOTeHHOCT] 3aJISKHUTh BiJl arpeCHBHOCTI MATOETIONOrYHOTO YHHHHKA Ta cyMarlii Horo fii y vaci,
a TaKOX BiJT MOP(OJIOTIT KAaHAILHOT CUCTEMH IIEJICIIH, sIKa MOYKE B3ATH Ha ce0e (PYHKIIIFO «BITHOCHOT KOMITCHCAIIIi».
Kuro4uoBi c1oBa: xaHa1 HYKHBOT IIEIETH, KOMI 10TepHa ToMOrpadist, arpodis KiCTKOBOI TKaHHHH, HYDKHS LeIerna.

Traditionally, interpreting scientific research cite original studies as an example of rehabilitation
problems is easier to understand if their justification of patients with the loss of not only the masticatory
is comprehensively evidence-based. Many authors teeth but also the bone base due to oncological
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processes and their consequences. However, they are
careful about preserving the anatomical trophism and
proprioception of the jaw system [1].

We aim to present arguments for warning of
possible iatrogenic effects during odontological or
reconstructive surgical interventions on the dental
system, taking into account the morphological variation
and topography of the mandibular canal(s), which are
presented in the works [2-4], while maintaining the
functionality of its (their) morphological structures.

After all, the development of practical medicine
and the availability of high-tech techniques and
methods of rehabilitation of primarily toothless
patients by doctors have become a challenge to
reduce side causalgic or functional disorders after their
implementation on the human dental system.

Solving the tasks of this problem becomes
possible with a perfect understanding of modern
diagnostic programs with vast optional capabilities of
Computed Tomography of the maxillofacial region [5,
6]. The minimally invasive nature of X-ray diagnostic
procedures, the efficiency and objectivity of their
analysis, and the reproduction of 3D reconstruction
models inspire research confidence, which is also
confirmed by the works of foreign authors [7-9].

We have proved [10, 11] not only morphological
variation but also quantitative characteristics that are
becoming fundamental in Ukrainian science and are
already being implemented in clinical practice. These
clarifications will contribute to properly rehabilitating
patients with bone atrophy complicated by topographic
and anatomical features of the mandibular canal
system while preserving the function of critical
morphological structures in them.

The aim of the study is to substantiate the
iatrogenic effect, due to the lack of clinical analysis
of possible individual variants of the anatomical and
topographic features of the mandibular canal (canals)
and their importance in the rehabilitation of dental
patients, to preserve the morphological and functional
properties of its (their) structures during conservative
surgical interventions.

Research methods. After an initial non-selective
screening of 1000 digital records, radiovisiography of
fragments of the lower jaw of patients aged 25-75 years
who underwent counseling and subsequent treatment in
the clinical training base of the medical center «Dentist»,
58 patients with direct signs of iatrogenic influence on the
periapical tissues of teeth and seven patients with damage
to the morphological structures of the mandibular canal
were identified, which was confirmed on computed
tomography cone-digital images scanned by the Vatech
PaX-I 3D Green extra-oral radiography system with
a scan size range of 16 x 9 c¢m, a focal spot 0.5 mm
(IES60336) grayscale 14 Bit with a size of 0.2/0.3 voxels.

3D reconstruction models were recreated using
the standardized X-ray diagnostic software Ez3D-I
Original ver.5.1.9.0, to visualize multimodal and
multidimensional images presented as individual
results of their research.

Bioethical standards. This work was carried out in
accordance with the concluded agreement on scientific
cooperation between the Departments of Surgical
Dentistry and Maxillofacial Surgery, Pathological
Anatomy and Histology, Cytology and Embryology of
Bukovinian State Medical University and the medical
center of the private enterprise Dental Services Center
«Dentist» for 2021-2026 from September 29, 2021.

X-ray examinations were conducted after
patients provided and signed informed consent to their
participation in research in compliance with the main
provisions of the GSP (1996), the Council of Europe
Convention on human rights and Biomedicine (dated
04.04.1997), World Medical Association Declaration
of Helsinki: ethical principles for medical research
involving human subjects (1964-2013), current
laws of Ukraine and approved by the decision of the
Commission on biomedical ethics of Bukovinian State
Medical University (Protocol No. 2 of 21.10.2021).

The work is a fragment of the initiative research
work of the Department of Histology, Cytology
and Embryology of Bukovinian State Medical
University «Structural and functional features of
tissues and organs in ontogenesis, patterns of variant,
constitutional, gender, age and comparative human
morphology», state registration number 0121U110121.

Research results and their discussion. Any
therapeutic or surgical effect on the body has the
character of relative or direct iatrogenicity. The most
common manifestations are the «consequences» of
post endodontic treatment of the root canals of teeth
and reconstructive surgical interventions, during the
rehabilitation of patients with loss of the masticatory
teeth in the lower jaw, due to the lack of preliminary
diagnosis or proper skills of the clinician (fig. 1).

Due to its mechanical and long-term chemical
action, the iatrogenicity is characterized by twofold
pathoetiological signs of influence on periapical
and adjacent morphological formations. During
mechanical action, the primary pathological process
is ischemia, in this case of the neurovascular bundle,
with varying degrees of damage, which will later
be reflected in the reversible or irreversible, or
conditionally reversible (anastomosing) recovery.
Under chemical action, the primary pathological
process is the manifestation of destructive changes
with a progressive degree of necrosis, depending on
the origin and concentration of the etiological factor,
which in most cases, becomes irreversible.
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Fig. 1. A) removal of the filling (obturation) material outside the periapical tissues by pushing it into the space of the
mandibular canal; B) partial obturation of the lumen of the mandibular canal, on the right side, in the area of the
furcation branch; C) partial obturation of the lumen of the mandibular canal with an implant

The most threatening condition is bilateral
traumatization of the main morphological structures
in the mandibular canals during preparation or, in fact,
compression implantation. After all, the primary nutrition
and innervation of the solid base of the lower jaw occur
by «highways» that are laid through its canal(s). When
obturation occurs, or when implants create compression

pressure on the lumen of the canal, not only ischaemia
but also relative stasis is caused, with the subsequent
development of a cascade of pathophysiological reactions.

The longer the effect, the more pronounced it
leads to aggressive, destructive, mostly irreversible
pathological processes, even in areas where their
localization is unique (fig. 2).

Fig. 2. CT image of the lower jaw (LJ) presented on coronal (B) and axillary (a — right side, C — left side) sections

relq o

in the format of 3D reconstruction models with the reflection of iatrogenic effects on the morphological structures of
the mandibular canal; D) pathological foci with different degrees of bone destruction (panoramic radiography after
removal of implants on the right side)

Therefore, paying due attention to a detailed
radiological examination, with an understanding of the
interpretation of the possible variant anatomy of the
mandibular canal(s) and its (their) laying, will protect
against possible negative consequences of trauma to

the neurovascular complex during odontogenic or
reconstructive interventions.

Traumatization of the neurovascular bundle
laid in the mandibular canal(s) is expressed by
proprioreceptive disorders in the areas of its
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innervation, primarily inflammatory-resorption
processes, due to a violation of their nutrition. Of
course, the degree of iatrogenicity depends on the
aggressiveness of the pathoetiological factor and the
summation of its action over time, as well as on the
morphology of the mandibular canal system, which
can take on the function of «relative compensationy.
However, in order to comply with the principles
of biological expediency during restorative or
reconstructive surgical interventions and even simple
odontogenic treatment, at first glance, it is necessary
to clearly understand variant anatomy and the
topographical features of the mandibular canal(s) with
partial, complete loss of teeth or its laying — in people
with a preserved dentition, which has its differences.

Our previous works present variant anatomy
of the canal as the central tunnel and its bifurcation
and trifid modifications [10]. Also, its topographic
variability in bone atrophy caused by the loss of the
masticatory teeth is detailed [11], which has become an
anatomical indicator for understanding and choosing
methods and techniques for directed bone regeneration
or for restoring the function of chewing efficiency by
subcortical or basal (bicortical) implantation. Having
obtained an appropriate level of knowledge, these
studies contributed to the implementation of their
results in clinical dentistry, taking into account the
complicated topographic features of the mandibular
canal(s) with forms of vertical and horizontal bone
atrophy and their variants with a high level of lining in
the jaw body (fig. 3), or other difficult to differentiate
individual manifestations.

Organization of standard operational
interventions (fig. 4) implantation, with a simultaneous
combination of lateral bone augmentation, fixing

OpuczinanvHi 00cnidHceHHA

the membranes with cortical core, and even simple
endodontic root canal treatment, does not somehow
require a clear representation of the anatomical
variants and topography of the mandibular canal(s)
(fig. 5) [12].

The authors of the scientific publication [13]
also focus on the morphological variation of the
mandibular canal in the retromolar region with its
bifid branching, which has a significant clinical and
diagnostic reference point for performing typical, and,
for the most part, atypical surgical interventions for
a wisdom tooth removal.

Attention is drawn to an entirely new work [14],
which interprets the anatomical characteristics of not
only the retromolar canal but also presents variants
of its bifid and trifid branches in the body of the
lower jaw, with a proposal to make changes to the
morphological terminology, since the frequency of
such manifestations is relatively high.

The American Journal of the Association of
plastic surgeons published a paper [15] confirming
the importance of understanding the topography of
the mandibular canal(s), particularly its exit, to take
into account the safe distance during osteoplasty,
minimizing iatrogenic postoperative effects.

Researchers of the odontology departments
of oral and maxillofacial sciences of the Italian
university (Sapienza University of Rome, 00161
Rome, Italy, University of Rome Tor Vergata, 00133
Rome, Italy) [16] indicate the presence of gaps in
anatomical educational reference books for students
of higher educational institutions, as well as focus the
attention of clinicians performing manipulations on
the lower jaw on the possible variability of canals and
topography with their outlet openings.

0 0 0 10 20

20 s
I m

Fig. 3. X-ray postoperative Images: A-B) Models with a vertical form of atrophy and a polycanal system after

bicortical implantation are represented by a sagittal section of the toothless segment of the lower jaw,; C-D) Models
with a horizontal form of atrophy and a polycanal system, after subcortical implantation, are represented by a sagittal
section of the toothless segment of the lower jaw
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Fig. 4. CT image of the lower jaw: A) sagittal section of the trifid variant of the mandibular canals; B) panoramic
image and sagittal sections after subcortical implantation, taking into account the topographic and morphological
features of the trifid manifestation of the mandibular canals; C) axillary section of the bicortical fixation of the barrier
membrane after lateral augmentation, taking into account the topography of the mandibular canal; D) coronal (frontal)
cross-section of a 3D reconstruction model of the mandibular canal system

Anatomical and topographic classification of the mandibular canal, 2022
(Oshurko AP, Oliinyk I'Yu & Kuzniak NB):
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 —

I. By topographic ratio:
Flrst 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 (II-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 edge of the lingual surface to the mandibular canal — 3.3 mm.
Note: (=...) - a sign approaching a specific number.

Fig. 5. Anatomical and topographic classification
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At the same time, prolonged delay or clinical
restriction due to fear of iatrogenic effects leads to
delayed rehabilitation of patients with loss of the
masticatory teeth in the lower jaw, and is a direct
prerequisite for changes in the vertical dimension
of occlusion, causes the acquisition of its variable
morphological and morphometric features, leading to
an interrelated process of bone atrophy of the cellular
part, the body of the mandible, as well as the cortical
and trabecular layers of the condylar and coronal
processes of the mandible.

Conclusion. 1. Manifestations of variation of
the mandibular canal(s) and their topography are well
diagnosed in the body of the mandible with a preserved
dentition. 2. Pathological processes and atrophy of
the mandibular bone tissue caused by the loss of
the masticatory group of teeth reduce the diagnostic
differentiation of the anatomical and topographic features
of the mandibular canal(s). 3. The study of individual
anatomical variants of the mandibular canal(s) and its

laying is a prerequisite for clinicians to prevent iatrogenic
effects on the morphological structures of the canal. 4.
Any traumatization of the neurovascular bundle laid in
the mandibular canal(s) is expressed by proprioreceptive
disorders in the areas of its innervation, primarily
inflammatory-resorption processes, due to a violation of
their nutrition. 5. The degree of iatrogenicity depends
on the aggressiveness of the pathoetiological factor and
the summation of its action over time, as well as on the
morphology of the mandibular canal system, which can
take on the function of «relative compensation.

Prospects for further research. The prospect of
further research is to clarify the frequency of variation
of the mandibular canal(s), their morphological and
topographic rearrangement (variability), depending on
bone atrophy, on toothless human jaws, the study of
interrelated processes of bone atrophy as the cellular
part, the body of the lower jaw, and the cortical and
trabecular layers of the condyle and coronal processes
of the lower jaw.
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SIGNIFICANCE OF VARIABILITY OF ANATOMICAL AND TOPOGRAPHIC FEATURES
OF THE MANDIBULAR CANAL(S) IN CLINICAL DENTISTRY

Abstract. This paper presents arguments about the possible iatrogenic effect during odontological or
reconstructive surgical interventions on the dental-maxillary system, taking into account the morphological
variability and topography of the mandibular canal(s) while maintaining the functionality of its (their)
morphological structures.

The aim of the study is to substantiate the necessary understanding of the peculiarities of morphological
variants and laying the mandibular canal(s) in order to preserve the morphological and functional properties of
its (their) structures during dental conservative and surgical interventions.

Material and Methods. The screening of 1000 digital segmental records of X-ray examinations of the human
lower jaw aged 25-75 years was conducted, and 58 of them were identified, reflecting the iatrogenic effect on
its foliar morphological structures.

Results and Discussion. Due to its mechanical and long-term chemical action, odontological iatrogenicity
is characterized by twofold pathoetiological signs of influence on periapical and adjacent morphological
formations. During mechanical action, the primary pathological manifestation is ischemia, in this case of
the neurovascular bundle, with varying degrees of damage, which will later be reflected in the reversible or
irreversible, or conditionally reversible (anastomosing) recovery. In the case of chemical action, there are
manifestations of destructive changes with a progressive degree of necrosis, depending on the origin and
concentration of the etiological factor, which in most cases, becomes irreversible. Pathological processes and
atrophy of the mandibular bone tissue caused by the loss of the masticatory group of teeth reduce the diagnostic
differentiation of the anatomical and topographic features of the mandibular canal(s).

Conclusions. Misunderstanding of individual anatomical variants and topography of the mandibular canal(s)
during X-ray examinations to plan dental surgical interventions leads to damage to its morphological structures.
Any traumatization of the neurovascular bundle laid in the mandibular canal(s) is expressed by proprioreceptive
disorders in the areas of its innervation, primarily inflammatory-resorption processes, due to a violation of their
nutrition. The degree of iatrogenicity depends on the aggressiveness of the pathoetiological factor and the
summation of its action over time, as well as on the morphology of the mandibular canal system, which can
take on the function of «relative compensationy.

Key words: mandibular canal, computed tomography, bone atrophy, lower jaw.
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