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ABSTRACT

Objective: The aim of this study was to produce a systematic method of CBCT image analysis
to investigate the Inferior Alveolar Nerve Canal (IANC) trajectory along with its associations
and variations, and to provide evidence that the visibility of the IANC and its prolongation on
CBCT imaging can be detected as a one continuous component, starting from the Mandibular
Foramen (MaF) through the Mental Foramen (MeF), and ending as the Mandibular Incisive

Canal (MIC) at the midline region.

Materials and Methods: This study was a retrospective, cross-sectional review of CBCT
images from 200 patients. Sagittal, coronal, axial, and multi-planar reformatted images were
evaluated by two Dentomaxillofacial radiologists in a specific, identical method to investigate
the following image parameters: Mandibular Foramen (MaF), types of Mandibular Canals
(MaC), Mental Foramen (MeF), types of Mental Canals including: length, symmetry and
angulations, visibility of Mandibular Incisive Canal (MIC), types of Lateral Lingual Vascular
Canals (LLVCs); including length, height, orientation, location, and opening aspect, Nutrient
Canals (NCs) number and range between teeth, as well as types of Lingual Foramen (LF) and
their associated canals (LC); according to number, orientation, location in relation to the genial

tubercles and opening aspect.

Results: The visibility of the MIC was detected in the 200 (100%) images. In regards to gender,
and amongst all the measured image parameters, the right and left MeC length, the LLVCs range
on the right side, and the LC location in relation to genial tubercles are statistically significant;
0.000, 0.006, 0.002 and 0.020 respectively. There was a strong positive correlation between the
LLVCs orientation and the LLVCs height at the measurement site. There was a moderate
positive correlation between the MeC orientations on the right side with that on the left side, and
between the MeC lengths on right and left sides.There was a weak positive correlation between
the LLVVCs number and length on the right side and the LLVVCs number and length on the left,
between the right LLVCs orientation and the left LLVCs orientation when there was one canal,
between the number of the MaC on the right and left sides, and between the number of the MaC

on the left side and the number of MeF on the same side.
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Conclusion: To avoid the potential of any unexpected risks, prior to surgical insertion of dental
implants in the vicinity of the IANC, and in consideration to the variable values, and anatomical
variation and associations at that vicinity; the inclusion of a “Systematic Method of CBCT Image

Analysis” evaluation in the “Radiology Report” is essential.

Key words: CBCT, Image Analysis Method, Inferior Alveolar Nerve Canal, Mandibular Canal,
Retromolar Canal, Accessory Mental Foramina, Mental Canal, Anterior loop, Mandibular
Incisive Canal, Lateral Lingual Vascular Canals, Nutrient Canals, Lingual Canals, Lingual

Foramen.
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INFERIOR ALVEOLAR KANALIN ANATOMIK YAPISININ VE
VARIYASYONLARININ KONIK ISINLI BILGISAYARLI TOMOGRAFI
ILE METODOLOJIK ANALIZI: RETROSPEKTIF CALISMA

OZET

Ama¢: Bu calismanin amaci, Inferior Alveolar Sinir Kanalinin (IASK) baglanti ve
variyasyonlarinin Konik Isikli Bilgisayarli Tomografi (KIBT) ile sistematik bir metod
olusturmak ve Mandibular Foramenden (MaF) baslayip Mental Foramen (M¢F) ile devamedip
Mandibular Insiziv Kanalinin (MIK) orta hat bolgesine kadar olan Inferior Alveolar Sinir
Kanalinin ve uzantisinin KIBT ile gozlene bilen ve devam eden bir kanal oldugunu

kanitlamaktir.

Materyal Method: Bu ¢alisma, 200 hastanin KIBT goriintiilerini retrospektif ve kesitsel olarak
cesitli parmetreler kullanilarak iki Agiz-Dis-Cene Radyolojisi uzmani tarafindan degerlendirildi.
Parametreler: Mandibular Foramen (MaF), Mandibular Kanallarin Tipleri (MaK), Mental
Foramen (MeF) , Mental Kanal tiirleri dahilinde: uzunluk, simetri ve acisalliklari, Mandibular
Insiziv Kanal (MIK) gériiniirliigii, Lateral Lingual Vascular Kanallarm tiirleri (LLVK); Uzunluk,
yiikseklik, yonlendirme, konum ve agilma acisi, Besleyen Kanal (BK) sayilar1 ve dis aralig1 ve
ayn1 zamanda Lingual Foramen (LF) ve Lingual Foramenin baglantili kanal (LFBK) tiirleridir.
Bunlar say1ya, yonlendirmeye, genial tiiberkiillere ve acilma agis1 ve konuma gore degisir.

Bulgular: MIK'in goriiniirliigii 200 (%100) goriintiide tespit edildi. Cinsiyet ve dlgiilen tiim
goriintii parametreleri arasinda, sag ve sol MaK uzunlugu, sag LLVK aralig1 ve genial tiiberkiiloz
ile iligkili LC konumu istatistiksel olarak anlamlidir; sirastyla 0.000, 0.006, 0.002 ve 0.020'dir.
LLVK'lerin yonleri ile dl¢lim alanindaki LLVK'lerin yiiksekligi arasinda giiclii bir pozitif
korelasyon vardir. Sag taraftaki MeK yonleri ile sol taraftaki MeK yonleri arasinda, sag ve sol
MeK uzunluklar1 arasinda ise orta derecede pozitif bir korelasyon vardir. LLVK sayis1 ile sag
taraf arasindaki uzunluk ile solda taraftaki LLVK sayis1 ve uzunlugu arasinda, bir kanal oldugu
zaman sag LLVK'lerin yonii ile sol LLVK'lerin yonleri arasinda, MaK sayis1 arasinda- sag ve
sol taraftaki MaK sayilar ile tek basina sol taraftaki MaK sayilar1 ayni taraftaki MeF sayilari

arasinda zayif bir pozitif korelasyon vardir.
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Sonu¢: Dis implantlarinin  AASK c¢evresinde cerrahi olarak yerlestirilmesinden once,
beklenmedik risklerin ortaya ¢ikma potansiyelinden kaginmak icin o ¢evredeki degisken degerler
ve anatomik varyasyonlari da dikkate alarak "Radyoloji Raporu" degerlendirmesine ‘KIBT
Gorlintli Analizi Sistematik Yontemi’nin de dahil edilmesi gerekmektedir.

Anahtar Kelimeler: KIBT, goriintii analiz yontemi, Alt Alveolar Sinir Kanali, Mandibular
Kanal, Retromolar Kanal, Aksesuar Mental Foramen, On Loop, Mandibular Insiziv Kanal, Yan

Lingual Damar Kanali, Niitrisyonel Kanallar, Lingual Kanallar, Lingual Foramen.

XViii



1. INTRODUCTION AND AIM

1.1. Introduction:

In the mandible, the Inferior Alveolar Nerve (IAN) is a very important anatomical structure
to consider while planning endosseous dental implant procedures, as there is a surgical risk to
damage it (1, 2). Although many studies explain this nerve at the posterior mandible, only few
histological and radiographic studies are available regarding this anatomical structure at the
anterior mandible (3-9). These recent studies illustrate the presence of the Mandibular Incisive
Canal (MIC) and the Lingual Foramen (LF) with the accessory foramina (10-14). The MIC is
described as the terminal prolongation of the Mandibular Canal (MaC) with its neurovascular
content after giving a branch at the level of the Mental Foramen (MeF), and the anterior area
between the two mental foramina is named as the interforaminal region (1, 2, 10). However, the
exact anatomy of the interforaminal region, with its potential clinical implications, is still
controversial, and some researchers even disregard its existence (2). Diagnostic imaging is an
essential part in the detection of these vital anatomic structures prior to endosseous implant
placement as it reduces the risk of complications (15). With the advancement in imaging
modalities, Cone Beam Computed Tomography (CBCT) provides a great value in the
visualization of osseeous architecture, and a reliable 3-Diamentions (3-D) localization of the
Inferior Alveolar Nerve Canal (IANC), which houses the IAN in 3-D (15, 16). Correlated
literature reveals unaccompanied studies, using 3-D imaging modalities either concerning the
assessment of the IANC and its variations pending to the level of the MeF, or concerning the
interforaminal region with related anatomical associations and variations as separate components
(5, 11, 14, 15, 17-25).

1.2. Aim and Objectives:

The aim of this study is to provide evidence that the visibility of the IANC and its
prolongation on CBCT imaging system can be detected as a one continuous component, starting

from the Mandibular Foramen (MaF) through the MeF into the interforaminal region, and finally
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ending as the MIC at the midline region. Accordingly, the Hypothesis is: On CBCT images, the
visibility of the IAC and its prolongation can be detected as a continuous component. The Null
Hypothesis is: On CBCT images, the visibility of the IANC and its prolongation cannot be
detected as a continuous component. This can be achieved through the following objectives:

(1) To identify and develop a consistent method of CBCT image analysis to be utilized for
visibility detection and evaluation of the IANC course with its associated anatomical structures,

and variations on both right and left sides for the same patient.

(2) To apply this image analysis method, retrospectively, to a set of pre-existing CBCT images.



2. LITERATURE REVIEW

2.1. Background of CBCT:

Multi-planar imaging presents a distinctive diagnostic approach as it provides the facility to
generate different sections of images at different flat and curved planes. Since a volume of data
can be acquired, stored and reformatted in any form of images that the diagnostician requires, a
perspective image assessment can be obtained, eliminating the superimposition of the
investigated area with adjacent structures. This concept of volumetric type of data is inherent in
conventional Computed Tomography (CT), CBCT, and Magnetic Resonance Imaging (MRI)
(26).

CBCT is the most significant advanced multi-planar imaging modality, widely used in the
maxillofacial region over the last decade. In the early 1980s, CBCT was primarily developed for
angiography. Then, in the late 1990s, four technologic advances congregated, facilitating the
production of reasonably priced CBCT units that are, unlike conventional CT unites, small
enough to be employed in the dental office for maxillofacial imaging; namely: X-ray detectors
capable of rapid multiple image acquisition, high-output X-ray generators, suitable image
acquisition and integration algorithms, and affordable computers powerful enough to process the

vast quantity of acquired image data (27-29).

The radiation source in CBCT unites emit an X-ray beam shaped like a cone, hence the
name Cone Beam CT, which covers the entire field of interest, rather than a fan as in
conventional CT unites; only one pass or less of the X-ray source is necessary for acquiring
images, and accordingly less ionizing radiation is utilized in regards to conventional CT unites
(27, 30, 31).

2.2. Image Acquisition:

CBCT machines utilize a source of ionizing radiation and two-Dimentional (2-D) panel
detector attached to a revolving gantry to give several sequential transmission images known as

“Basis images”. These are similar to lateral cephalometric radiographic images that are slightly



offset from each other, and are incorporated directly to generate a 3-D volumetric data set that
can be used to provide primary reconstruction images in three orthogonal planes: axial, sagittal,

and coronal. Image acquisition is constituted of four main components (27, 28):

1. X-ray Generation.
2. Image Detection System.
3. Image Reconstruction.

4. Image Display.

2.2.1. X-ray Generation:
2.2.1.1. CBCT Imaging Hardware:
2.2.1.1.1. X-ray Tube:

As a basic principle, X-rays are generated in a vacuumed tube called: the X-ray tube. This
tube contains an electrical circuit with two oppositly charged electrodes named as cathode and
anode. When an electric current is applied, the cathode, which is composed of a tungsten
filament, is heated, releasing electrons through an effect known as “Thermoionic emission”.
Since the voltage or the potential difference between the cathod and anode is high, these released
electrons are accelerated towards the anode, colliding with it at high velocities at a point sized
target made of tungsten known as “the focal spot”. A typical focal spot size in a CBCT X-ray
tube is 0.5mm wide, and the size of this focal spot determines the image sharpness. Sharpness or
spatial resolution refers to the ability to differentiate small structures in an image. The energy
generated through this collision is mostly lost in the form of heat; nevertheless, a small part of
this energy is converted into X-rays through two main effects known as “Bremsstrahlung or
Braking Radiation”, and “Characteristic Radiation”. At the anode, X-rays are emitted in all
directions, but only a divergent beam is allowed to emerge through the exit window of the X-ray
tube. The anode surface is slightly tilted at a certain angle in order to maximize the outgoing of
this X-ray beam (29) (Figure 2.1).
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Figure 2.1. Schematic illustration of an X-ray tube in CBCT (lllustration by: E-Z M).

The X-ray beam is attenuated by both internal (inherent) and external (added) filtration. In
the internal filtration, X-rays photons interact with the tube housing before exiting the X-ray
tube. In this interaction, mainly low-energy X-ray photons are absorbed. Low-energy photons
have a high probability of being absorbed within the patient’s tissues, as they contribute to the
patient’s radiation dose, but not to the radiographic image. Additional filtration, on the other
hand, is obtained by adding metallic sheets, usually made of aluminum or copper with an
aluminum equivalent thickness ranging between 2.5 and 10 mm, placed at the exit window to
absorb the majority of low-energy photons while exiting the X-ray tube. Unlike the tube voltage
(kV), tube current (mA) and exposure time are in direct proportion to the amount of X-ray

photons exiting the tube, and accordingly to the radiation dose (27, 29).

In order to limit the patient’s exposed area to that required for data acquisition, the beam
size is restricted or collimated by blocking the X-rays that are not passing through the scanned
volume. In other terms, collimation reduces radiation dose exposure. Collimation is conducted

by using a lead-alloy collimator that has a rectangular opening for X-rays to pass through. The



majority of CBCT systems have multible pre-defined Field-of-View (FOV) sizes; therefore a

collimator will have many pre-defined openings according to the FOV size (29).

2.2.1.1.2. Gantry:

Most CBCT systems use a setup of X-ray tube and detector connected by a fixed gantry or a
C-shaped arm, which usually rotates in the horizontal plane, allowing for seated and\or standing

patient positioning, or rotates in the vertical plane, allowing for supine patient position (27, 29).

2.2.2. Image Detection System:
2.2.2.1. Detector:

X-ray detectors convert the received X-ray photons to an electrical signal and are
consequently a critical component of the imaging procedure. The efficiency and speed at which
the conversion is carried out are crucial characteristics of X-ray detectors. In CBCT imaging,
different types of detectors are used. Recently, differet types of Flat Panel Detectors (FPDs) are
used, as these detectors are distortion free, have higher dose efficiency, a wider dynamic range,
and can be produced with either a smaller or larger FOV. Most CBCT systems use indirect
FPDs where a layer of scintillator material, is used to convert X-ray photons to light photons,
which in turn are converted into electrical signals. Modern scintillators have high image quality
and dose efficiency, as their columnar structure reduces the light spread between the scintillators.
Different componenets and technologies can be used for signal read-out in FPDs. These
technologies differ in regards to detector size, voxel size, noise level, sensitivity and read-out

speed, and they have varying cost efficiency depending on the total size of the detector (29).

2.2.3. Image Reconstruction:

2.2.3.1.Basic Principles:

During CBCT imaging, as previously mentioned, the X-ray tube and detector rotate a single
360° rotation along a circular course at a fixed distance. Even though faster and slower scan

protocols exist, normal rotation times range between 10 and 40 seconds. During this rotation, a
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cone-shaped X-ray beam results in several hundred 2-D X-ray projections, each with more than
million pixels. These projections of raw data are received on the detector and then can be

reconstructed into a 3-D representation of the scanned object (27-29).

2.2.3.2. Pre-processing of Raw Data:

Prior to image reconstruction, the raw data may follow a number of pre-processing steps.
These steps are usually implemented in order to remove irregularities associated with variations
in detector dark current gain and pixel defects. Common pre-processing tools are offset and gain
corrections that compensate for sensitivity differences among detectors and among pixels of a
detector. Moreover, an after glow correction can be performed to remove the latent image of the
preceding projection.This is particularly important when a long sequence of projections per

second is obtained (29).

2.2.3.3. Reconstruction:

It is essential to process the projection of raw data, which are named, as previously
mentioned, basis images or basis projection frames to produce the volumetric data set. This
process is called “Primary Reconstruction”. Although a single cone-beam rotation may last for
less than 30 seconds, it generates around 100-600 basis projection frames, each with more than
million pixels with 12 to 16 bits of data assigned to each pixel. The reconstruction of these data
is a complex procedure. In order to facilitate data handling, data are frequently obtained by one
personal computer called “Acquisition Computer”, and transferred by an Ethernet connection to
another personal processing computer called “Workstation Computer”. Unlike conventional CT,
CBCT data reconstruction is executed by personal computer-based workstation, rather than

workstation platforms (28, 29).

2.2.3.4. Reconstruction Algorithms:

Image reconstruction is a procedure in which an image is reconstructed from multiple 2-D

projections. The scanned object is reconstructed as a 3-D matrix of voxels with each voxel being



assigned a grey value depending on the attenuation of the material constituting the scanned
object. Projection data are a summation of linear attenuation coefficients along the X-ray path.
This is, mainly, the inverse or back projection process of the weighted and filtered projections, in
which the value for each pixel in the projection image is assigned to each voxel along the path of

the X-ray.

As this is achieved for every projection, an image of the scanned object is reconstructed.
The filter, on the other hand, consists of two parts: 1) Ramp filter to correct the intrinsic blur of
the projection, and 2) Smoothing filter to reduce high-frequency noise that is amplified by the
ramp filter. Smoothing filter can significantly affect image quality by reducing noise on the
expense of spatial resolution. The cut-off frequency of such filters is freely adjustable; the higher
the cut-off frequency, the sharper, yet noisier the reconstructed imsge. For a particular imaging
task, some kinds of software allow the adjustment of reconstruction parameters as desired. Once
an initial reconstruction is acquired, the imsge is adjusted according to what the projection data
arising from the current reconstruction estimate would be. These are compared with the actual
projection data, after which a new corrected reconstruction is acquired. This process continues

until a specified level of acceptability is accomplished (29).

2.2.4. Image Display:
2.2.4.1. Display:

For most CBCT procedures, the volumetric data set is a collection of all available voxels,
and this set is presented to the radiologist on a monitor as standard reconstructed images in
orthogonal planes, generally, at a thickness defaulted to the subject resolution. CBCT
reconstruction is a process that creates a 3-D matrix that can be viewed as a series of 2-D cross
sectional views in: axial, sagittal and coronal planes. Axial planes are sequences of 2-D slices
from superior to inferior, sagittal planes are sequences of 2-D slices from right to left, and

coronal planes are sequences of 2-D slices from anterior to posterior aspects (28) (Figure 2. 2).



Figure 2.2.Standard Display Modes of CBCT. A: Volumetric 3-D representation of hard tissue. B: Representative
coronal image. C: Representative sagittal image. D: Representative axial image (Images obtained with i-CAT®
Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial
Radiology Department; Faculty of Dentistry- University of Yeditepe.

The optimal visualization of these images depends on the adjustment of window level,
window width to protract bone, and on specific filter applications (28).Therefore, in digital
imaging, a display monitor is required. For CBCT images, the main criteria are related to size
and resolution of the monitor, as images should be displayed at their occupant resolution, either
1:1 ratio between the display pixel and the image pixel, or multiple display pixels for every pixel
image for maximum image sharpness. In addition, contrast ratio and luminance should also be at

an adequate level. For example, imaging a 60x60 mm CBCT image with a voxel size of 0.1mm?;



every slice in this image will be 600x600 pixels. When visualizing this image, using a multi-
planar reformatting, a monitor will require a minimum resolution of 1200x1200 pixels to
illustrate each slice at a 1:1 ratio. Consequently, optimal visualization of these images depends
on large-size, high resolution monitors, zooming tools, specific filter applications, and

adjustment of window level and window width to protract bone whenever applicable (28, 29).

2.2.4.1. Multi-planar Reformatting:

In a Multi-planar Reformation (MPR) window, the three orthogonal planar views are related
through intersection lines, allowing for straight forward orientation and rotation. After
reconstruction, besides MPR, oblique and curved reformatting can be performed. Oblique and
curved reformatting allows the user to cut through the FOV at any angle. Manipulation of the
oblique reformation can be performed by rotating the intersection lines, as well as drawing new
lines. Moreover, CBCT images can be manipulated in different ways to optimize the
visualization of anatomical structures, pathological lesions, and to isolate certain segments of the
image (29) (Figure 2.3).
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Figure 2.3. Multi-planar Reformation Arch Section. A: an axial image with sites of cross-sections on the right side.
B: a reformatted panoramic view and serial cross-section 2 mme-interval sites. C, D and E: the cross- sectional
images presented at the cross-section sites on the right side, which are shown on the axial and panoramic images.
The axial and panoramic images are used as reference images to show the location of the cross-sectional images
(Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage,

software): Dentomaxillofacial Radiology Department; Faculty of Dentistry- University of Yeditepe.
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2.3. Clinical Considerations of CBCT:

CBCT imaging represents a fundamental change for dental and maxillofacial radiology,
facilitating the transition of dental diagnosis from 2-D to 3-D images and expanding its task from
diagnosis to image guidance in interventional procedures by means of software applications (31,
32). This 3-D information tends to offer the potential of improved diagnosis, treatment planning,
surgery execution, and evaluation of healing stages. Therefore, it provides a broad spectrum of
variable clinical dental applications and indications. Perhaps the greatest application of CBCT is
the planning of endosseous dental implants placement in the jaws (29-31, 33, 34).

Dental implants are metal devices surgically placed in jawbone to replace missing teeth.
There are many types of dental implants; nevertheless this study is only concerned with the root
form type of dental implants. This type is usually made of titanium, and is cylindrical or tapered
in shape. It can be smooth, serrated, or with holes, and it is surgically placed in the alveolar
process of the maxilla or the mandible. Subsequent to a successful implant placement, a period
of osseointegration occurs and then a crown can be placed over the metal device (34). For
implant site assessment, CBCT imaging provides cross-sectional views of the alveolar bone
height, width, and angulations as well as precise views of vital structures, such as: the IANC and
the maxillary sinus. In many cases, a diagnostic stent is made with radiographic markers and
inserted at the time of the scan. This stent presents an exact reference of the location of the

proposed implant (27).

Other CBCT imaging applications may include: 1) complicated endodontic treatments and
complex endodontic surgeries, 2) diagnosis and evaluation of bony invasion of the jaws by oral
carcinoma, 3) evaluation of osseous degenerative changes in the Tempromandibular joint, 4)
assessment of maxillofacial fractures for surgery management, and 5) assessment of facial
structures, impacted teeth, cleft palate and cases of complex skeletal abnormality for orthodontic

treatment, planning, management and orthodontic surgery (29-31, 33-35).

However, it is important to highlight the fact that CBCT can be indicated as an alternative
imaging modality to conventional CT where radiation dose is revealed to be lower and soft tissue
detail is not a requirement (35). In addition, the common use of CBCT, recently, has resulted in
many concerns regarding radiation protection involving: justification, optimization, as well as

quality standards and quality assurance of CBCT units (29, 36).
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According to Radiation Protection No.172: CBCT for Dental and Maxillofacial Radiology
Evidence Based Guidelines by the SEDENTEXCT project; not only the CBCT assessments must
be justified on individual basis by illustrating that the potential benefits to the patients outweigh
the potential risks, but also CBCT assessments should potentially add new information to aid the
patient’s management. Consequently, a record of this justification process must be preserved for
each patient subsequent to a systematic clinical evaluation in the form of a “Radiological Report”
of the complete image dataset. Moreover, justification and referral criteria should be obtained for
CBCT applications and indications in regards to the same guidelines. For example, CBCT is

indicated for cross-sectional imaging prior to implant placement (35).

Furthermore, a quality assurance programme must be established and implemented for each
CBCT unit; including: equipment, technique, and quality control procedures. As regarding
quality standards and quality assurance, published equipment performance criteria should be
regularly reviewed and revised in testing dental CBCT units. This testing procedure should
follow published recommendations, and a specially trained maxillofacial radiologist should be
involved. Also, assessment of the clinical quality of images should constitute an essential part of

a quality assurance programme for each CBCT system (35).
2.4. CBCT in Regards to Conventional CT:

2.4.1. Strengths of CBCT in Regards to Conventional CT:

CBCT imaging is a modification of conventional CT imaging allocated for dentistry and
related disciplines. They both provide reliable 3-D data in all three planes. The main difference,
however, between CBCT and conventional CT is that the CBCT utilizes a divergent cone-shaped
X-ray beam rather than a fan-shaped beam, and the CBCT utilizes a flat panel X-ray detector as
an alternative of one or several rows of detectors. Therefore, the CBCT unit is smaller in size,
less in price and only a single rotation of a faster image acquisition time is required to assemble
the data necessary to construct the examined volume in all anatomical planes, 3-D
reconstructions, and multi-planar views, allowing the examiner to apply interactive image
analysis and to scroll through the sub-millimeter image slices with a high resolution up to
0.075mm? voxel size (37, 38). Thus, decreasing patient radiation dose in relation to conventional

CT, and consequently; replacing its role in dentistry (27, 39). For example, in CBCT, the
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radiation required to produce a medium FOV ranges from 69 to 560 microSieverts (mSv);
whereas in conventional CT, a similar FOV size produces 860 mSv. Additional strengths of
CBCT also include: high levels of image accuracy, uniform magnification, ideal assessment of
multiple sites and full mouth implant planning, easy access to varied software types for image
analysis, and special display modes exclusive to maxillofacial imaging that can aid in treatment
planning through implant simulation and 3-D reformation (34, 37, 40). Furthermore, many
studies reported that CBCT scans are very precise in dimensional accuracy and measurements, in
regards to other radiographic techniques, are accurate within 1 mm (34, 38, 41-45). As a result,
they exemplify a high degree of reproducibility and reliability (16-18, 37, 46-48).

2.4.2. Limitations of CBCT in Regards to Conventional CT:

In general, the high cost of CBCT units and the demand of expert personal involvement
limit its availability. Accordingly, the image expense is reasonably high. Moreover, CBCT
radiation dose is higher, when compared to conventional 2-D radiographic techniques; besides

there is a probability of developing image artifacts (16, 34, 38, 41, 49).

In CBCT imaging, an artifact is the inconsistency between the reconstructed
visual image and the original object. This can be induced by discrepancies between the physical
setting of the CBCT setup, and position of the investigated object (50, 51). As an X-ray beam
passes through an object, lower energy photons are absorbed in preference to higher energy
photons. This phenomenon is called “Beam Hardening”, and it results in two kinds of artifacts:
1) image distortion, 2) white streaks and dark bands that can appear between two dense objects
(28) (Figure 2.4). This means; the gray scale values in the image do not accurately reflect the
attenuation values of the object, and the accuracy of the image in relation to the true
characteristics of the investigated object is distorted. Image artifacts misrepresent the region of
interest, causing significant image degradation, and consequently alter diagnostic information
(50, 51). Furthermore, metal streaking and image distortion artifacts can, in particular, disturb

bone assessment around existing dental implants (34).
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Figure 2.4.CBCT Artifacts. A and B: Axial and coronal views of the same section, showing black bands of beam
hardening, white streaks due to scatter, and image distortion artifacts (Images obtained with i-CAT® Model 17-19;
CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial Radiology Department;
Faculty of Dentistry- University of Yeditepe.

Perhaps the two main limitations of CBCT images, compared with conventional CT, are
image noise and poor soft tissue contrast. The increased divergence of the X-ray beam and the
CBCT projection acquisition results in a large volume irradiation by X-ray photons. These
photons undergo: Compton scattering interactions, producing scattered radiation. This radiation,
scatters in all directions and can be recorded by pixels on the CBCT area detector. As a result,
the number of photons detected, at each pixel, dose not reproduce the acutual attenuation of the
object. This additional recorded X-ray detection is called “Noise” and it contributes to image
degradation. Scattered radiation also reduces object contrast resolution, which is the ability of an
image to reveal subtle differences in image density according to differential tissue attenuation, by
adding background signals that are not representative of the anatomy, producing images of poor
soft tissue contrast. Therefore, CBCT images are of less soft tissue contrast than that of
conventional CT (27).

2.5. Anatomy:

In general, basic anatomy information can be derived from literature that is based on
anatomy studies, histology studies, radiology studies, and different combinations of these three
kinds of studies. Radiography studies, specifically, include those based on 2-D radiography,

namely: panoramic radiographs, panoramic radiographs in association with other 2-D
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radiological investigations; such as periapical radiographs, as well as 3-D volumetric imaging
(52). The fundamental anatomy information in this section is derived from literature that is based

on anatomy studies and radiology studies.

2.5.1. General Considerations:

Prior to surgical procedures in the mandible, it is a matter of a great importance for the
clinician to determine and identify the location of the Mandibular Canal (MaC) and any related
anatomical variations. Failure to identify these variations can result in surgical complications,
leading to serious adverse consequences. The presence of anatomical variations in the mandible
are usually ignored and received with little attention in many anatomy textbooks. Nevertheless,
many reports in relevant literature do consider this presence. The most accurate method to
diagnose the presence of anatomic variations is by visual inspection of dry mandible dissections.
In clinical practice, paradoxically, the identification of these anatomical variations during patient

management can be only obtained by radiography (53).

Since it has multiple applications in “Dentomaxillofacial Diagnosis”, CBCT imaging has
become widely used over the last decade. It is an advanced imaging modality that presents
excellent visualization of the dental hard tissues; reliable localization of IANC, and osseous
structures in 3-D (16, 27). Nevertheless, it is important to highlight that CBCT imaging does not
validate the IAN itself, but it only illustrates the bony canal, including the MaC, and the
diagnostic accuracy for imaging MacC is higher for CBCT than for other imaging modalities (16,
39, 54, 55). In this context, although some authors claim that there are no differences between
conventional CT and CBCT concerning the diagnosis of anatomical variations of the MaC (56),
a recent meta- analysis review suggests that CBCT is the modality of choice for this application
(22), owing to the fact that CBCT offers an increased image quality level of the bone tissue than
that of conventional CT (22, 57).

In the same context, and in regards to dental implants; Radiation Protection No0.172:
CBCT for Dental and Maxillofacial Radiology Evidence Based Guidelines stated that: CBCT is
indicated for cross-sectional imaging prior to implant placement as an alternative to existing

cross-sectional techniques where the radiation dose of CBCT is shown to be lower; as for cross-
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sectional imaging prior to implant placement, the advantage of CBCT with adjustable FOV
compared with conventional CT, becomes greater where the region of interest is a localized part

of the jaws, as a similar sized FOV can be used (35, 36).

2.5.2. Image Anatomy of the “Extra-cranial Segment” of the Trigeminal Nerve:

The Trigeminal nerve or the 5" cranial nerve (CN5, or CNV) is a mixed nerve that
comprises a large sensory cranial nerve of head and face, and a motor nerve for muscles of
mastication. As regarding the image anatomy, the CN5 is composed of 4 segments: 1. Intra-axial,

2. Cisternal or preganglionic, 3. Interdural, and 4. Extra-cranial or postganglionic (34).

It is beyond the scope of this study to discuss the image anatomy of the first 3 segments;
the extra-cranial segment, on the other hand, contains 3 branches: the ophthalmic nerve branch
(CNV1), the maxillary nerve branch (CNV2), and the mandibular nerve (CNV3), which is the
largest trigeminal branch (21, 34).

This work is only concerned with the third division; the mandibular nerve branch. In
general, the mandibular nerve exits directly through Meckel cave, passing in an inferior direction
through foramen oval into masticator space. This nerve subdivides, providing three groups of
branches; branches from stem of the CNV3, branches from the anterior division of CNV3, and
branches from the posterior division of CNV3. Branches from stem provide motor supply to
medial pterygoid, tensor tympani, and tensor veli palatine muscles. Branches to masseter,
temporalis and lateral pterygoid muscles are derived from anterior division of CNV3. From the
posterior division of CNV3, the mylohyoid nerve branches to supply motor innervations to
anterior belly of digastrics and mylohyoid muscles. Main sensory branches from the posterior
division include inferior alveolar, lingual, and auriculotemporal nerves. The lingual nerve is
sensory to anterior tongue, floor of the mouth, and lingual gingiva. It also carries afferent taste
fibers from anterior two thirds of tongue via chorda tympani from the 7" cranial nerve. Branch of
lingual nerve and blood vessels from lingual artery and vein enter lingual foramen (LF) at the
midline on the lingual surface of the mandible between the Genial Tubercles (GT), which are
small bony projections that give attachment to genioglossus and geniohyoid muscles. The

anatomy of the LF is highly variable in regards to number, and location; as it can be superior or
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inferior to GT. The radiographic appearance shows it as a round radiolucent area surrounded by a
densely corticated border (34, 58) (Figure 2.5).

Figure 2.5.Multiplanar Reformation Arch Section. A: a reformatted panoramic view showing the lingual foramen at
the midline; radiolucent dot surrounded with a radioopaque ring (black arrow). B: a cross-section, showing the
lingual foramen (black arrow) and the lingual canal emerging through it denoted as a radiolucent line (Images
obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software):

Dentomaxillofacial Radiology Department; Faculty of Dentistry- University of Yeditepe.

2.5.3. The Inferior Alveolar Nerve:

The IAN enters the Mandibular Foramen (MaF), which is located on medial mid ramus of
the mandible. It runs through MaC, below the apices of lower posterior teeth, and innervates

ipsilateral premolars and molars. It divides into mental and incisive branches (34). The MacC is
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usually a single channel enclosed by bone, forming an upward concave curve (52). The path of
the MaC is traced through the mandible, running obliquely downward and forward, extending
from the MaF at the lingula on the lingual aspect of the mandible to the MeF in a horizontal
direction. It contains a bundle that is comprised of the inferior alveolar nerve, artery and vein
which are responsible for the somato-sensory sensation and blood innervations of the lower
teeth, inter-dental papilla, periodontal and alveolar bone tissues (4, 19, 22-25, 27, 59, 60). In
CBCT cross-sections, the MaC appears as a round or oval radiolucent area surrounded by a
corticated radiopaque border. This corticated border is, occasionally, thin or barely visible (27)
(Figure 2.6). In coronal and reconstructed panoramic sections it can be described as a radiolucent
band between two white lines (52).The relationship between the MaC and teeth roots is variable,
especially at the molar region, ranging from close to the root apices to adjacent to the lower
border of the mandible (27).

At the level of the periapical area of premolar teeth, the MaC extends anterior to the MeF
before it loops in a posterior direction as the Mental Canal (MeC) or Anterior Loop (AL), and
then it exits through the MeF on the buccal surface of the mandible. The AL is an important
anatomic variation to detect while placing dental implants in this region. The mental nerve is the
anterior extraosseous branch of IAN that provides sensory innervations to skin and mucosa of
lower lip, anterior labial gingival, and chin (27, 34). The MeF is a bilateral structure that is
presented with an oblique orientation in a postero-superior direction. Radiographically, it appears
as a single round non- corticated radiolucent structure (21) (Figure 2.7). The size, shape, and
location of this foramen are, significantly, variable, and the incidence of an accessory mental

foramen has been accounted (27).
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Figure 2.6.A coronal section of the mandible at the ramus level, showing the cross-sections of the right and left
Mandibular Canals (black arrows) on right and left sides (Images obtained with i-CAT® Model 17-19; CBCT

Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial Radiology Department;
Faculty of Dentistry- University of Yeditepe.
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Figure 2.7.Sections of the mandible at the mental foramen area.A: Axial section of the mandible showing
symmetrical mental foramina on right and left sides (black arrows). B: coronal section of the same case, showing the
mental foramina on right and left sides (black arrows) with the anterior loops emerging through them denoted by the
radiolucent lines opening in a superior direction. (Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit:
InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial Radiology Department; Faculty of Dentistry-
University of Yeditepe.
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Anterior to the MeF, the IAN becomes the MIN (34). Olivier (61) described the MIN as the
anterior intra-osseous terminal branch of the IAN that prolongs its pathway into the mandibular
anterior area, innervating the mandibular canines and incisor teeth in the interforaminal part, and
may provide cross-innervations if it reaches the midline; as it may connect with the Lingual
Canal (LC) (6, 9, 14, 17, 34, 61). These innervations may be obtained through small
neurovascular bundles called Nutrient Canals (NCs) that appear in periapical radiographs as
radiolucent lines running vertically from the IANC directly to apices of teeth, or between teeth
through the interdental spaces. NCs are more commonly detected in images of patients with
hypertension, diabetes mellitus, periodontal diseases, or in black patients, or male patients, or in
elderly and edentulous patients. NCs are visible in around 5-40% of the cases, indicating a thin

ridge. This clue is useful in dental implant assessment around the midline area (27).

At the midline, the LF conducts the terminal branch of the MIN through the emerging of the
LC, which in sagittal CBCT sections appears as a narrow radiolucent passage with a wide range
of variation in number, orientation, and location being superior or inferior to the GT (34)
(Figures 2.5 and 2.8). Moreover, assessment of the micro-anatomical dissections showed a clear
neurovascular bundle in both superior and inferior lingual foramina and their bony canals.
Branches of the lingual artery, vein, and lingual nerve comprised the contents of the superior
lingual canal, whereas branches of the submental and\or sublingual, and mylohyoid nerve
comprised the contents of the inferior canals (62).

A number of authors presume that the MIN runs through the intramedullary spaces, and is
not contained by a bony canal, thus, it is not commonly detected by conventional 2-D
radiography (6, 10, 17, 63). However, anatomical studies using advanced imaging modalities
have revealed strong evidence supporting the existence of MIC (6, 10, 17, 38, 46, 63) placed on
the mesial side of the MeF, with a smaller diameter and less corticated borders than that of the
MaC (9, 11, 13, 14, 17, 64). Furthermore, the intra-osseous course of a well-corticated MIC,
usually, extends from the MeF to the lateral incisor level, and then it becomes indefinite at the
central incisor level, where it terminates, and the neurovascular plexus conquests, allowing

cross-innervation at the mandibular midline level (11). On cross-sectional CBCT scans, MIC
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appears as a round radiolucent area surrounded by a radiopaque border, contained in the
mandibular trabecular bone (11, 17, 38) (Figure 2.9).

Figure 2.8.Sections at the midline. A: Volumetric 3-D representation of the mandible showing the level of the
sagittal section at the midline. B: the cross- section of the same case at the midline, showing two lingual canals; one
above the genial tubercle (radiopaque protrusion), opening in a superior direction (vertical black arrow), and the
other canal below the genial tubercle opening in an inferior direction (horizontal black arrow) (Images obtained with
i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial
Radiology Department; Faculty of Dentistry- University of Yeditepe.
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Figure 2.9.A: Volumetric 3-D representation of the mandible showing the level of the sagittal section slightly lateral
to the midline. B: the cross- section of the same case lateral to the midline, showing the mandibular incisive canal
(black arrow) denoted as a round radiolucent area surrounded by a corticated area (Images obtained with i-CAT®
Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial
Radiology Department; Faculty of Dentistry-University of Yeditepe.
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Therefore, the presence of the MIC, containing the neurovascular bundle should not be
underestimated at the time of pre-surgical planning in the interforaminal area or the “safe zone”,
as it has been reported that transient or long term postoperative sensory disturbances, edema,
hematoma, lack of implant osseo-integration, and pulp sensitivity changes, may occur (9, 10, 17,
18, 47, 65-67).

Knowledge of the normal morphology of human mandible and its possible variations have
attracted special interests in the recent years, and meticulous detection of the MaC position and
its associations is essential in surgical procedures involving the mandible, such as third molar
extractions, dental implant placement, and sagittal split ramus osteotomy (19, 20). Anatomical
variations of the MaC, such as Bifid Mandibular Canals (BMC) or Trifid Mandibular Canals
(TMC) have been reported in the literature, using panoramic radiography (20, 23, 60, 68-73),
conventional CT (20, 52, 74, 75), and CBCT (19, 20, 66, 76-82). However,only 3-D modalities
that provide high-resolution images; namely conventional CT and CBCT are considered superior
in displaying the MaC and its variations, such as BMC and TMC (20, 66, 78).

The origin of the BMC or TMC can be attributed to the theory that suggests that the IAN
most probably occurs in the mandible as three individual nerve paths, originating at different
stages of development. It is hypothesized that the pattern of tooth agenesis within the three
mandibular teeth groups, namely; incisors, primary molars, and permanent molars is related to
the three separate paths of innervations of the dentition. As through the remodeling stage of the
embryological development, these three divisions of the AN, innervating the three different
mandibular teeth groups fuse, incompletely, due to rapid prenatal growth and intra-membranous
ossification in the mandibular ramus region, resulting in gradual coalescence of the canal

entrances, and consequently the occurrence of BMC, or TMC (83, 84).

As regarding BMC, the term bifid is derived from the Latin word meaning clefting or
branching into two divisions (74). The bifid canals branch from the MaF and may each contain a
neurovascular bundle (74). Based on cadavers and radiographic images, the previous research
reported different types and classifications of the mandibular canal according to anatomical

position and pattern with both conventional and advanced imaging techniques (19, 56, 60, 68,
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69, 74, 82, 85). Carter and keen (69) examined dissected human mandibles and described three

types of IAN patterns; Type 1: The nerve is a single large structure lying in a bony canal and the

tips of the molar roots projecting into the canal as the branches supplying these roots are short

and direct, Type 2: The nerve is located considerably in a lower level than that of type 1, and the

dental branches to the molar roots are given off more posteriorly, and are therefore longer and

obliquely oriented, and Type 3: The Nerve divides into two branches posteriorly, which together

can be considered as equivalent to an alveolar branch (69, 74).

Nortje (60) examined panoramic radiographs and described three main types of BMC (74).

Langlais (68) examined panoramic radiographs and developed a four type classification system

for BMC (74). Furthermore, the following classification was adapted from Naitoh et al. (19, 56),
Orhan et al. (82, 85), and Muinelo-Lorenzo et al. (86). They classified BMC into five types:
Type I: Retromolar Canal (RMC) (87- 89), Type II: Dental Canal, Type Ill: Forward Canal,
Type IV: Bucco-lingual Canal, and Type V: Superior Canal (86) (Table 2.1).

Table 2.1.The classification of Bifid Mandibular Canals, adapted from: Naitoh et al., Orhan et al., and Muinelo-

Lorenzo et al.

Type Name

Description

| Retromolar Canal

11 Dental Canal

11 Forward Canal

v Bucco-lingual Canal

\% Superior canal

The canal bifurcates from the IANC in the mandibular ramus region and
travels in a recurrent path anterosuperiorly, or posterosupriorly, reaching the

retromolar fossa behind the third molar.

The canal runs forward and ends in the periapical area of the second or third
molars.

The canal courses towards the front with or without joining the inferior
alveolar canal.

The canal sprouts in a buccal or lingual direction from its origin.

The canal follows a superior direction and does not meet the classification

criteria of any other group.
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The RMC is an anatomical variant in the posterior mandible that houses and transmits
neurovascular component in and to the retromolar fossa, providing additional innervation to the
mandibular molars and the buccal area (88, 90, 91). This anatomical variant is usually neglected
in anatomical text books, and is usually associated with considerable population diversity with a

frequency ranging from 1.7% to 72% (92, 93).

In 1986 and 1987, Ossenberg (94) put forth one of the first few descriptions of RMC (87).
Based on anatomical studies on dry mandibles and according to the course of RMC branching
from the MaC, Ossenberg (94) classified RMC into 3 types: Type 1: RMC with a vertical course,
Type 2: RMC with a horizontal course, and Type 3: RMC with a separate foramen in the
mandibular ramus (11, 94, 95). The third type is also referred to as: Temporal Crest Canal (TCC)
and has been rarely noted (87, 94). Moreover, Ossenberg (94) reported a peak incidence of the
Retromolar Foramen (RMF) in adolescents, as she speculated that this fact might reflect the
increased neurovascular requirements related to the adolescent growth spurt and eruption of the
third molars (89). In 2011, based on panoramic radiographs and sagittal CBCT images, Von Arx
et al. (89) classified RMC according to course and morphology, into 5 types: Type Al: RMC
with a vertical course, Type A2: RMC with a vertical course and an additional horizontal branch,
Type B1: RMC with a curved course, Type B2: RMC with a curved course and an additional
horizontal branch, and Type C: RMC with a horizontal course (89) (Figures 2.10 and 2.11).

In the posterior mandible, the presence of the mandibular canal and foramina variations and
associations is frequently ignored, unnoticed, or misdiagnosed (21). Unrecognized anatomical
variations of the MaC may lead to complications during dental surgical procedures, such as
somato-sensory impairment, traumatic neuroma, bleeding and bruising signs (22, 53, 72, 74, 80,
96-98). Moreover, the presence of anatomical variations, such as RMC, can be associated with
difficulties in performing alveolar mandibular nerve block, or even failure of local anesthesia
and consequential pain and discomfort, especially, in surgical removal of impacted third molars,
bone harvesting for bone graft surgery, sagittal split ramus osteotomy, and dental implant
placement (22, 69,72, 74, 92-94, 96, 99-105). It can also be a reason of anxiety for inexperienced

practitioners (88).
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Figure 2.10. Cropped reformatted panoramic view of the mandible, showing a schematic illustration of the
Retromolar canal types applied on the same cropped panoramic view; Classification by Von Arx et al., and
illustrations by E-Z M (Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version

5.2 Anatomage, software): Dentomaxillofacial Radiology Department; Faculty of Dentistry- University of Yeditepe.
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Figure 2.11.Multi-planar Reformation Arch Section. A: a reformatted panoramic view, showing a curved retromolar
canal with a horizontal branch (Type B2) at the right side of the mandible, and serial cross-sections; 0.125mm-
interval slices. B: cropped magnified image from the same section; black arrow denoting the mandibular canal at the
level of RMC, and white arrow denoting the RMC at the level of the horizontal branch. C: a cross-section of the
RMC; black arrow denoting the mandibular canal and white arrow denoting the RMC with the horizontal branch
(Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage,

software): Dentomaxillofacial Radiology Department; Faculty of Dentistry-University of Yeditepe.
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The inherent limitations of 2-D conventional radiographic techniques (22, 84, 106, 107), as
well as higher radiation dose and more cost of conventional CT (22, 106, 107) indicate that
CBCT can be the most appropriate imaging modality to assess the IANC, as it provides enhanced
visualization of anatomical structures, in terms of location, shape, and association to adjacent
structures (16, 21, 22, 108).

As regarding anatomical variations in the anterior mandible, similar complications have
been reported during or after surgical procedures for the same reasons of ignorance (37, 109-
112), that can be due to the inadequate information about the region’s significance, the
controversy surrounding its precise anatomy, presence of anatomical variations, and intra-
osseous content of accessory canals (10). Furthermore, the fact that the common failure of
conventional radiography to detect the presence of the MIC, for example, cannot be justified by
technical limitations of the image only, but it can be attributed to the observer limitations as well
(11). An observer needs to be knowledgeable, skillful, and experienced to be able to recognize
anatomical landmarks such as the LF and MIC (11, 113). The fact that these anatomical
landmarks are described in radiology textbooks (114-117) and not in anatomy textbooks (118-
122) may indicate that these anatomical structures are not perceived by observers relying on
anatomy textbooks only (11). Nevertheless, the prevalent use of CBCT recently, especially prior
to dental implant surgery, increased the interest in anatomical features and anatomical variations

in the human mandible and jaw bone in general (123-125).

Reports illustrated the presence of accessory foramina and canals, mainly on the lingual side
of the mandible (124, 126). Accessory foramina on the lingual side can bedivided according to
their location into two main groups: medial and lateral lingual foramina (124, 127). The canal
structures of these foramina are called “vascular canals”, because of their arterial content, which
includes either different arterial branches, or anastomosis of the arteries (128, 129). However,
Sutton (126) illustrated the structures associated with the LF as a neurovascular bundle. In the
literature, medial lingual vascular canals or LC, as mentioned earlier, are common (129, 130),
whereas lateral lingual vascular canals (LLVCs) are rare (129, 131, 132). However, it is essential

to consider CBCT imaging of LLVCs in the premolar and the interforaminal regions before
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surgical procedures, particularly implant insertions, as the risk of hemorrhage exists (37, 127,
129, 131, 132).

On CBCT cross-section images, LLVCs appear as thin radiolucent canals, connected with
the IANC, or the MIC (37) (Figure 2.12). It is acknowledged that the connection of LLVCs with
either the IANC or the MIC supports collateral neural and vascular supply (128, 130).
Examinations of LLVCs demonstrated that canals originating from the premolar area mainly
connect with the MIC, whereas canals originating from the molar area connect with the IANC or

with the apices of adjacent teeth (130).
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Figure 2.12.Multiplanar Reformation Arch Section. A: an axial image (cropped) with sites of cross-sections on the
left side distal to the first premolar tooth. B: a reformatted panoramic view and serial cross-section Imm-interval
sites. C: a cross-sectional image, showing a lateral lingual vascular canal (LLVC) (black arrow) denoted as a
radiolucent line (Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2

Anatomage, software): Dentomaxillofacial Radiology Department; Faculty of Dentistry- University of Yeditepe.
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2.5.4. Summary:

The mandibular canal travels at the lower one- third of the mandibular body in
approximation to the lingual cortical plate. Eventually, it divides into the mental and incisive
canals (34, 133- 135).The mental canal curves in a posterior, superior, and lateral direction to
exit through the mental foramen and the incisive canal prolongs forward to the incisor teeth (34,
133, 136). During this course, the mental foramen is located posterior to this division, and the
mandibular canal usually forms the anterior loop and then returns back to the mental canal in
the interforaminal area (4, 34, 133, 137). The incisive canal has partly corticated boundaries, and
is consequently difficult to differentiate from the surrounding structures on radiographic imaging
(6, 18, 133). Nevertheless, the presence of the mandibular canal variations and\or associations is
frequently ignored, overlooked, or misdiagnosed (21).

The success of dental management is directly related with the detection of anatomical
variations and associations, which should be thoroughly evaluated prior to invasive dental
procedures to avoid serious complications (138). The intrinsic limitations of conventional
radiographic techniques (22, 32, 84, 106, 107), higher radiation dose and expensive conventional
CT (16, 22,32, 106, 107), the facility of precise localization in CBCT (139), capability of its
software, measurement accuracy and the fact that, unlike conventional CT, there is no
magnification in its linear measurements (57,140-145); all indicate that CBCT can mainly be the
appropriate imaging modality to evaluate the IANC, as an anatomical structure with its

associations and variations (16, 21, 22, 108).

Consequently, the aim of this study is to develop a reliable and consistent method of CBCT
image analysis to assess the IANC, starting from the mandibular foramen at one side to the
lingual foramen at the midline to involve the whole IANC structure and to accommodate all of

its anatomical associations and anatomical variations in this method.
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3. MATERIALS AND METHODS

3.1. Radiographic Material:

This study is a “Retrospective Cross-Sectional” study. The sample consists of 510
consecutive patients’ images from which pre-operative CBCT imaging was obtained in the
period from 2014 to 2016. These images were indicated for various clinical reasons; mainly for
planning implants at the Department of Dentomaxillofacial Radiology, Faculty of Dentistry and
Dental Hospital at the University of Yeditepe. Prior to the imaging procedure, all patients
approved the written informed consents for the use of images in scientific research, (Appendix
1). For the retrieved CBCT images, a list with codes and corresponding names was created in an
encrypted file for patient confidentiality and protection reasons. This study followed the ethical
principles of “The Declaration of Helsinki 1964” and its later amendments on human research
ethics. All procedures were performed in accordance with the standards of the Ethic Committee
of Clinical Research at the University of Yeditepe; Ethic Committee Approval Ref.: 2017\701
and the Ministry of Health Clinical Research Committee in Turkey.

The sample was subjected to inclusion and exclusion criteria. The inclusion criteria are:

1. The presence of the mandible in the field of view; adequate FOV.

2. Complete database of Turkish patients.

3. Complete patient database with age more than 14 and less than 80 years.
4. Dentate patients.

Whereas the exclusion criteria are:

1. The presence of fractures or evidence of surgical intervention in the mandible.

2. The presence of pathological lesions in the mandible, such as odontogenic tumors or
odontogenic cysts.

3. The presence of sever bone resorption due to metabolic or bone disease.

4. The presence of artifacts or distortion affecting the image quality.
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From the original sample size (510), a final sample of 200 CBCT images (400 IANCs) was
selected (Figure 3.1).

4 images : fractured mandible. 56 images : patient less then 14 years
old.
28 images: odontogenic lesions. 21 images : bone atrophy.

128 images : small FOV*

7 images : mandibular
hypertrophy.

4 images: bone necrosis.

7 images: impacted teeth

obstructing the visiability of 10 images : surgical intervension in
IANC**, the mandible.

6 images: implants obstructing _ _
the visiability of IANC**, 39 images: artifacts.

Final sample size: 200 images

Figure 3.1. Algorithm showing sample size subjected to inclusion and exclusion criteria.

*FOV: Field Of View. **|ANC: Inferior Alveolar Nerve Canal.

3.2. Imaging System:

CBCT images were obtained using a CBCT unit with a flat panel image detector of
amorphous silicon (i-CAT® Model 17-19; Imaging Sciences International Inc., Hatfield,
Pennsylvania, USA). All images were performed using standard exposure acquisition parameters
and standard patient positioning protocol. Patients were exposed in the sitting position, head

adjusted using the headrest, and the occlusal plane parallel to the floor of the room, the mid-
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sagittal plan aligned perpendicular to the horizontal plan, using vertical and horizontal alignment
beams recommended by the manufacturer. Exposure acquisition parameters were as follows: a
tube voltage of 120 kVp, a tube current of 23.87 mA, 6 cm FOV, 0.25 mm voxel size, and 40s
scan time with high-resolution bone filter. All images were performed using the radiation
protection standards, maintaining the: As Low As Reasonably Achievable (ALARA) principle.

CBCT images were processed and evaluated using a workstation computer unit (Hp
LP2475W LCD TFT Monitor, China). The PC workstation used Windows® 7 Professional 32-
bit with XP Mode operating system (Microsoft Corporation, Redmond, WA, USA) with pre-
installed software: InVivoDental5 Version 5.2 Anatomage, 2010; USA. All CBCT image
measurements were obtained using the same software tools under standard conditions; dimly lit
room, the same workstation computer unit and the same display monitor. Measurments in each
subject were obtained on both sides: Right (R) and Left (L).

3.3. Image Parameters:

The specific objective of this study is to identify a method of CBCT image analysis method
to assess the visibility and the course of the IANC, as a continuous unit, with its associate canals
starting from the mandibular foramen, branching at the level of mental foramen, continuing as
the mandibular incisive canal into the interforaminal region, ending at the midline, and then
applying this method to the selected CBCT image sample. The IANC with its associate canals

most likely encountered, and observed in CBCT images are as follows:

Mandibular Foramen ( MaF)

Mandibular Canal (MaC)

Mental Foramen (MeF)

Mental Canal (MeC), or Anterior Loop (AL).

Mandibular Incisive Canal (MIC)

Lateral Lingual Vascular Canals (LLVCs), or Paramental Canals.
Nutrient Canals (NCs)

Lingual Canal (LC)

Lingual Foramen (LF)

© oo N o g bk~ w D PE
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By means of CBCT, these structures will be subjected to a new 3-D measurement scheme,
as parameters, and then a CBCT image anatomy categorization of the IANC existing conditions
will be assembled in accordance. The general anatomical parameters suggested in detecting,
measuring, and evaluating the visibility and the course of the IANC with its associations and\or

accessory canals for both R and L sides in this study are as follows:

Mandibular Foramen Number (MaFN)
Mandibular Canal Number (MaCN)
Mental Foramen Number (MeFN)
Mental Canal Length (MeCLe) or Anterior Loop length (ALL)
Mental Canal location (MeCl)
Mental Canal Orientation (MeCO)
Mental Canal Angulation (MeCA)
Mandibular Incisive Canal visibilty (MIC)
Lateral Lingual Vascular Canals’ Number (LLVCsN)
. Lateral Lingual Vascular Canals’ Length (LLVCsLe)
. Lateral Lingual Vascular Canals’ Orientation (LLVCsO)

© o N o g bk~ wbhPE
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. Lateral Lingual Vascular Canals’ range between teeth (LLVCsr)
. Lateral Lingual Vascular Canals’ Height (LLVCsH)

. Lateral Lingual Vascular Canals’ Aspect (LLVCsA)

. Nutrient Canals Number (NCsN)

. Nutrient Canals Range (NCsR)

. Lingual Canal Number (LCN)

. Lingual Canal Aspect (LCA)

. Lingual Canal location (LCI)
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. Lingual Canal in relation to Genial Tubercles (LCGT)
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. Lingual Canal resembling allocated figures (LCfig)
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. Lingual Foramen Number (LFN)

N
w

. Lingual Foramen Aspect (LFA)
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. Lingual Foramen location (LFI)
. Lingual Canal Class (LC Class)

N
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All of these parameters are interpreted in statistical terms and described in (Appendix 2).

3.4. Method:

All CBCT images were evaluated and processed using reconstructed multi-plane views:

axial, coronal, sagittal, reformatted panoramic, and cross-sectional. These reconstructions were

analyzed to identify and measure the previously mentioned parameters in the same order, and for

every patient as described in the following procedure:

1.

ICAT Vision software was opened and the patient of interest was selected according to the ID
number on the list. Then, CT option was clicked, and Start InvivoDental was chosen,
leading to an external application in the form of DICOM file.

In the Invivo5 DICOM file, the Superimposition option was clicked, and in regards to the
3-D reconstructed format, Right 3\4 view, and then Left 3\4 view were chosen to observe the
Mental Foramen Number (MeFN) on both right and left sides (Figure 3.2). The cursor in the
mouse was used to perform free hand movement to observe Mandibular Foramen Number
(MaFN).

The Section option was clicked; axial, sagittal, and coronal plans on 3-D section were
adjusted with the 3-D reconstructed image of the head in an upright position (Figure 3.3). In
general, the aim was to simultaneously slide the plan through one section, such as the axial
section, and observe the structures on another section, such as the sagittal section, by moving
the cursor very slowly at the level of the mandible for both right and left sides.

The horizontal plan was moved slowly from the back forewords on both the axial and
coronal sections, simultaneously, to observe the Mandibular Foramen Number (MaFN),
Mandibular Canal Number (MaCN), Mental Foramen Number (MeFN), Mental Canal
location (MeCl), Mental Canal Orientation (MeCO), and Mental Canal Length (MeCLe).
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Figure 3.2. The reconstructed 3-D format in Superimposition option to detect Mental Canal Number (MeCN),
showing 2 Mental Foramina on the right side: A: Front view, B: cropped Right 3\4 view and C: cropped Left 3\4
view (Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage,

software): Dentomaxillofacial Radiology Department; Faculty of Dentistry- University of Yeditepe.
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Figure 3.3. The Section Window illustrating the three plans; axial, sagittal, coronal on section, and the 3-D
reconstructed image of the head in an upright position (Image obtained with i-CAT® Model 17-19; CBCT Imaging
Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial Radiology Department; Faculty of

Dentistry- University of Yeditepe.

5. Mental Canal Length (MeCLe) was then measured by placing the “Distance Measurement”
tool along the two ends of the canal (Figure 3.4). The Mental Canal Angulation (MeCA) was
calculated using “Angle Measurement” tool by adjusting the horizontal plan at the lower
border of the mental canal and then placing the upper end of the tool at the canal opening,
making the lower end coinciding with the horizontal plan at the end of the canal (Figure 3.5).

6. With the horizontal plan at the level of the Mental Canals, and by using the free hand
movement of the cursor, the vertical plan was slowly dragged on the axial section towards
the midline, and simultaneously on the sagittal section, the continuity of the Mental Canal
(MeC) with the following structures was observed side by side carefully: Mandibular
Incisive Canal (MIC), Lateral Lingual Vascular Canals’ Number (LLVCsN), Lateral Lingual
Vascular Canals’ Orientation (LLVCsO), Lateral Lingual Vascular Canals’ range between
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teeth (LLVCsr), and Lateral Lingual Vascular Canals’ Aspect (LLVCsA). In order to grade
the visibility of the MIC, a three-point rating scale was used (refer to Appendix 2, No.8):

1) Good visibility

2) Moderate visibility

3) No visibility

Figure 3.4. Above: coronal section showing the right and left Mental Canals. Below: cropped coronal section
illustrating the Mental Canal Length between the two red dots (MeCLe= 9.81 mm) measurement, using “Distance
Measurement” Tool (Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2

Anatomage, software): Dentomaxillofacial Radiology Department; Faculty of Dentistry- University of Yeditepe.

41



Figure 3.5. Cropped coronal section illustrating the superior Mental Canal Orientation (MeCO) and Mental Canal
Angulation (MeCA= 57°) measurement, using “Angle Measurement” tool; notice the lower end of the tool
coinciding with the horizontal plan (Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit:
InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial Radiology Department; Faculty of Dentistry-

University of Yeditepe.

7. The Lateral Lingual Vascular Canals’ Length can be then measured by placing the “Distance
Measurement” tool along the two ends of the canal, whereas the Lateral Lingual Vascular
Canals’ Height was measured in mm by means of “Distance Measurement” tool; The
canal’s height was measured from the highest point of the canal’s upper border to the lower
border of the mandible in proportion to the total height of the mandibular bone divided by 3
(Appendix 2, No.13) (Figure 3.6).

8. On the axial section, with the horizontal plan at the level of the Mental canals, and the
vertical plan in the region of the midline, simultaneously, the cursor was dragged slowly, and
the following structures were observed on the sagittal section to detect: the Lingual Canal
Number (LCN), Lingual Canal Aspect (LCA), Lingual Canal location (LCI), Lingual Canal
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in relation to Genial Tubercles (LCGT), Lingual Foramen Number (LFN), and Lingual
Foramen Aspect (LFA).

Figure 3.6. Cropped Sagittal cross section illustrating the Lateral Lingual Vascular Canals’ Length
(LLVCsLe=5.42mm), Lateral Lingual Vascular Canals’ Height (LLVCsH=8.23mm) measurements, using “Distance
Measurement” tool perpendicular to the horizontal line adjusted as a tangent at the lower border of the mandible,
and the total height of mandibular bone =29.05 mm; the total height of bone is divided into one thirds (29.05 + 3=
9.68 mm) so each third= 9.68 mm, and the LLVCsH, which is 8.23 mm is less than one third, indicating that this
LLVC is located in the lower one third (Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit:
InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial Radiology Department; Faculty of Dentistry-

University of Yeditepe.

43



10.

11.

12.

The Lingual Canal type or figure (LCfig) was matched with one of the 20 Lingual Canal
figures detected in advance (refer to Results section: Figure 4.7). Whenever there was no
match with the figures existing already, the observer was free to establish a new type and a
new figure number. Lingual Canal Class (LC Class) was then determined according to the
established 20 figures and to the LC Classification table (Appendix 2, No.25).

Next, the Super Pano option was selected and the panoramic section was constructed by
means of both Upper- lower Limit and Focal trough.

Following that, the Arch Section option was selected, and the central focal trough plan was,
slowly, moved forewords and backwards by the scrolling button on the mouse through the
coronal sections on the panoramic window (Figure 3.7) (Figure 3.8) to observe the Nutrient
Canals Number (NCsN) and Range (NCsR) between teeth (Figure 3.9), and to re-observe the
complete continuous course of the IANC, enabling the clear detection of any canal variations
and\or associations.

At the Arch Section, double checking the parameters was achieved by moving the cursor
very slowly and gradually sliding the vertical plan from the right side to the left side on the
panoramic window; starting from the right MaF, and ending at the left MaF, while observing
the cross-sections of the anatomical structures on the 3 cross section windows available on

the Arch Section option (Figure 3.8).

3.5. Repeatability and Reliability:

For test- retest reliability, and internal consistency, two caliberated experienced

dentomaxillofacial radiologists (observers); first observer: EI-Zuki Mervet (E-ZM), and second

observer: Fisekgioglu Erdogan (FE), assessed the IANC CBCT images independently,

implementing the above procedure. As for the intra-observer agreement analysis, all of the 200

images were examined and then re-examined by E-ZM to utilize the “Intra-class Correlation

Coefficient (p)” after a one month period to minimize measurement bias. As for the inter-

observer agreement analysis, 30 images were randomly selected and examined by FE to utilize

“Fleiss’s Kappa test (k)”, and then the same 30 images were re-examined after a one month

period to utilize the “Intra-class Correlation Coefficient (p)”.
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Figure 3.7. The Arch Section option (cropped); Above: The axial section showing the focal trough plan and vertical
plan. Below: The panoramic section with the same plans in different orientation (Images obtained with i-CAT®
Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial
Radiology Department; Faculty of Dentistry- University of Yeditepe.
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Figure 3.8. Arch Section option; Above: The axial section. Below: The panoramic section. Left side: 3 cross
sectional windows (Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2

Anatomage, software): Deneomaxillofacial Radiology Department; Faculty of Dentistry- University of Yeditepe.

Figure 3.9. The Arch Section option (cropped); the panoramic section and the magnification of the lower anterior
segment to reveal the Nutrient Canals (Red arrow), running vertically between the lower incisor teeth (Images
obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software):
Dentomaxillofacial Radiology Department; Faculty of Dentistry- University of Yeditepe.
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4. RESULTS

4.1. Repeatability and Reliability of Results:

The sample consisted of 200 Turkish patients; referred to the Dentomaxillofacial Radiology
Department in the Faculty of Dentistry -University of Yeditepe, for CBCT imaging intended for
several clinical reasons. For 200 images, the intra-observer and inter-observer agreement
repeatability was tested and the results revealed no statistically significant differences (p>0.05),
indicating reliability. As regarding the “intra-observer” reliability “Infraclass Correlation
Coefficient (p)” for the first observer E-ZM, observation reliability ranged between 0.831-1.000
for the 200 images. For the second observer FE, observation reliability ranged between 0.965-
1.000 for the randomly selected 30 images. As regarding the “inter-observers’ agreement
analysis, Fleiss’s Kappa test (k) was utilized; E-ZM and FE observation agreement for the same
30 images ranged between 0.864- 1.000. Values > 0.7 were accepted as reliable and the first
measurements were calculated and utilized for statistical data analysis.

4.2. Statistical Analysis:

All statistical analyses were performed using Statistical Package for Social Science (IBM
SPSS® Inc., version 24.0, Chicago, Illinois, USA). No distinctions were made in regards to
either age or gender. All measurements are presented as Mean (M) + Standard Deviation (SD)
values, and the threshold for statistical significance was set at (p< 0.05). For continuous
variables, descriptive statistics were presented as M + SD values. As for categorical variables,
descriptive statistics were presented as frequencies and percentages.The Chi-square test ( x° test)
were used to investigate the differences in frequency, and the morphological characteristics of
anatomic parameters between genders and between right and left sides. Mean differences

between genders were investigated by two independent samples T-test.

4.2.1. Descriptive Statistics:

The sample in this study (n=200) consisted of 133 female (66.5%) and 67 male (33.5%)
aged between 15 to 76 years; mean age 42.68 years. The frequency of one mandibular foramen
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in both genders at right and left sides was 200 (100%). The frequency of a solitary Mental
Foramen on the right side was 194 (97%), and 196 (98%) on the left side, as the frequency of
two mental foramina on the right side was 6 (3%), and 4 (2%) on the left side. As regarding the
Mandibular Canal: the frequencies of a single canal were 181 (90.5%) and 186 (93%) on the
right and left sides respectively; the frequency of BMC in general was 18 (9%) on the right and
14 (7%) on the left, and the frequency of only one (0.5%) TMC on the right side (Table 4.1). In
this study, out of the five types of BMC (Table 2.1), only two types were detected; 13 (6.5%)
Dental BMC, and 19 (9.5%) (Table 4.2) RMC types are displayed according to Von Arx et al.
(89) classification (Figure 2.10) as frequency and percentage (Table 4.3).

Table 4.1. Frequency and percentage of Mandibular Canal Number (MaCN) on right, and left sides of

the mandible.
MaCN Right Left
Frequency (%) Frequency (%)
1 Canal 181 90.5 186 93
2 Canals 18 9 14 7
3 Canals 1 0.5 0 0
Total 200 100 200 100

Table 4.2. Frequency and percentage of Bifid Mandibular Canals (BMC) types on right and left sides.

BMC Right Left

Frequency (%) Frequency (%)

Dental BMC 8 44 5 36
Retromolar BMC: 10 56 9 64
Forward BMC - - - -
Bucco-lingual BMC - - - -
Superior BMC - - - -
Total 18 100 14 100
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Table 4.3.Distribution of the RMC (n=19) according to type: Type Al; Verticle course, Type A2,
Vertical course with horizontal branch, Type B1; Curved course, Type B2; Curved with horizontal

branch, and Type C; Horizontal course.

Type Frequency (%)
Al 7 36.8
A2 - -
B1 10 52.6
B2 1 53

C 1 5.3

Total 19 100

As regarding the Mental Canal or Anterior Loop location on coronal sections: 139 (69.5%)
were simultaneously symmetrical, 47 (23.5%) of the right side loops were located in close
proximity to the midline; mesial to the left side loops, and 14 (7%) of the right side loops were
located far from the midline; distal to the left side loops. On the right side, 195 (97.5%) of the
anterior loops had a superior orientation, and 5 (2.5%) had a horizontal orientation. The superior
and horizontal orientations of the AL on the left side were 189 (94.5%) and 11 (5.5%)

respectively. There was no AL with an inferior direction.

As regarding the Mental Canal Angulations in general, the minimum and maximum angles
ranged from (0° to 83°%) with mean of 41.5°. On the right side: 5 (2.5%) of the angles were equal
to zero degree, 96 (48%) were more than zero and less than 45 degrees, and 99 (49.5%) were
more than 45 degrees and less than 90 degrees. As regarding the Mental Canal Angulation on the
left side: 11 (5.5%) were equal to zero degree, 65 (32.5%) were more than zero and less than 45

degrees, and 124 (62%) were more than 45 degrees and less than 90 degrees (Table 4.4).
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Table 4.4 The frequency and percentage of Mental Canal Angulation (MeCA) on both right and left

sides.
MeCA Right Left
Frequency (%) Frequency (%)

Horizontal:

Zero® 5 25 11 5.5
Superior:

0%>45° 96 48 65 325
Superior:

45%>90° 99 49.5 124 62
Total 200 100 200 100

The frequency of the visibility of the Mandibular Incisive Canal was the same on both right
and left sides; 200 (100%), with 134 (67%) images of good visibility on the right and 133
(66.5%) images of good visibility on the left. Frequency of moderate visibility of MIC on the
right and left sides were 66 (33%) and 67 (33.5%) correspondingly.

As regarding Lateral Lingual Vascular Canals, there were no lateral canals on the right side
in 109 (54.5%) of the images, and no lateral canals in 111 (55.5%) of the images on the left. One
lateral canal was detected on the right side of 85 (42.5%) of the images and 81 (40.5%) on the
left side. Two lateral canals were seen on the right side of 6 (3%) of the images, and 8 (4%) on
the left side (Table 4.5).
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Table 4.5. The frequency and percentage of the Lateral Lingual Vascular Canals Number (LLVCsN) on

both right and left sides.

LLVCsN Right Left
Frequency (%) Frequency (%)
No canals 109 54.5 111 55.5
1 Canal 85 42.5 81 40.5
2 Canals 6 3 8 4
Total 200 100 200 100

As regarding the LLVCs frequency unilaterally, there was one unilateral canal in 54

(48.2%) of the cases, and two unilateral canals in 5 (4.5%) of the cases. For bilateral canals, there

was one bilateral canal in 46 (41%) of the cases, two bilateral canals in only one case (1%), one

canal on one side and two canals on the other side in 6 (5.3%) of the cases (Table 4.6). The
general frequency of bilateral LLVCs in the current study was 53 (47.35%), and 59 (52.7%) of

unilateral LLV/Cs.

Table 4.6 The frequency and percentage of Lateral Lingual Vascular Canals Number (LLVCsN) Types:

unilaterally and bilaterally.

LLVCs Types Number of canals Frequency %
Unilateral 1 canal 54 48.2
2 canals 5 45
1 canal 46 41
Bilateral 2 canals 1 1
1 canal & 2 canals 6 5.3
Total 112 (56%) 100

51



The orientation of the first lateral canal (when there was one in number) varied from 12
(6%) superior, 23 (11.5%) horizontal and 56 (28%) inferior on the right side. The orientation of
the first lateral canal (when there was one in number) varied from 10 (5%) superior, 21 (10.5%)
horizontal and 58 (29%) inferior on the left side. The orientation of the second lateral canal
(when there were two in numbers) varied from 2 (1%) superior, 1 (0.5%) horizontal and 3 (1.5%)
inferior on the right side. The orientation of the second lateral canal (when there were two in

numbers) varied from 1 (0.5%) superior, 4 (2%) horizontal and 3 (1.5%) inferior on the left side.

As regarding the location of lateral canals; on the right side, the location of 8 (4%) of the
first lateral canal (when there was one in number) ranged between teeth number 41 and 42, 12
(6%) ranged between teeth number 42 and 43, 60 (30%) ranged between teeth number 43 and 44,
and 10 (5%) ranged between teeth number 44 and 45 (Figure 4.1). Whereas, the location of 2
(1%) of the second lateral canal (when there were two in number) ranged between teeth number
41 and 42, 1 (0.5%) ranged between teeth number 42 and 43, and 2 (1%) ranged between teeth
number 43 and 44 (Figure 4.2). As regarding the left side, the location of 12 (6%) of the first
lateral canal (when there was one in number) ranged between teeth number 31 and 32, 25
(12.5%) ranged between teeth number 32 and 33, 45 (22.5%) ranged between teeth number 33
and 34, and 5 (2.5%) ranged between teeth number 34 and 35 (Figure 4.1). Whereas, the location
of 2 (1%) of the second lateral canal (when there were two in number) ranged between teeth
number 31 and 32, 3 (1.5%) ranged between teeth number 32 and 33, and 3 (1.5%) ranged
between teeth number 33 and 34. There was one lateral canal (0.5%) slightly to the right of the
midline, and 2 (1%) slightly to the left of the midline between teeth number 31 and 41 when
there was one in number (Figure 4.1). Whereas, there was one lateral canal (0.5%) at the midline

between teeth number 31 and 41 when there were two canals on one or both sides (Figure 4.2).
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Figure 4.1. The frequency of the location of Lateral Lingual Vascular Canals ranging between mandibular teeth
(LLVCsr) when there was one canal on one or both sides (Images obtained with i-CAT® Model 17-19; CBCT
Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial Radiology Department;
Faculty of Dentistry, University of Yeditepe.

Figure 4.2. The frequency of the location of Lateral Lingual Vascular Canals ranging between mandibular teeth
(LLVCsr) when there were two canals on one or both sides (Images obtained with i-CAT® Model 17-19; CBCT
Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial Radiology Department;
Faculty of Dentistry, University of Yeditepe.

As regarding the LLVCsH on the right side, 20 (10%) of the first canals (when there was
one canal on one or both sides) were present in the upper one third of the mandibular height at
that level (the level where the lateral lingual vascular canal was detected), 70 (35%) were present

in the middle one third of the mandibular height at that level, and 1 (0.5%) was present in the
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lower one third of the mandibular height at that level (Figure 4.3). When there were two canals
on the right side, 4 (2%) were present in the upper one third, 2 (1%) were present in the middle
one third of the mandibular height at that level, and no canals were present in the lower one third
of the mandibular height at that level ( Figure 4.4). As regarding the LLVCsH on the left side, 20
(10%) were present in the upper one third, 68 (34%) were present in the middle one third of the
mandibular height at that level, and none in the lower one third of the mandibular height at that
level (Figure 4.3). When there were two canals on the left side, 3 (1.5%) were present in the
upper one third, 5 (2.5%) were present in the middle one third of the mandibular height at that

level, and none in the lower one third of the mandibular height at that level (Figure 4.4).

Figure 4.3. The frequency of the Lateral Lingual Vascular Canals Heights, ranging between upper 1\3, middle 1\3,
and lower 1\3 of the mandibular height, when there was one canal on one or both sides (Images obtained with i-
CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial
Radiology Department; Faculty of Dentistry, University of Yeditepe.
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Figure 4.4. The frequency of the Lateral Lingual Vascular Canals’ Heights, ranging between upper 1\3, middle 1\3,
and lower 1\3 of the mandibular height, when there were two canals on one or both sides (Images obtained with i-
CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial
Radiology Department; Faculty of Dentistry, University of Yeditepe.

The frequency of the first Lateral Lingual Vascular Canals Aspect (when there was one
canal in number, either on one or both sides) were 87 (43.5%) canals opening on the lingual
aspect, and 4 (2%) opening on the labial aspect for the right side. For the same right side (when
there were two canals in number, either on one or both sides), there were 5 (2.5%) canals
opening on the lingual aspect, and 1 (0.5%) opening on the labial aspect. On the left side, the
frequency of the first LLVCsA (when there was one canal in number, either on one or both sides)
were 85 (42.5%) canals opening on the lingual aspect, and 3 (1.5%) opening on the labial aspect.
For the same left side (when there were two canals in number, either on one or both sides), there

were 5 (2.5%) canals opening on the lingual aspect, and 1 (0.5%) opening on the labial aspect.

As regarding the frequency of Nutrient Canals (NCs), the canals were detected in 192
(96%) of the cases. When detected, the number of bilateral canals was variable; the minimum
was at least one NC, and the maximum number was 4 canals on each side. However, there were
8 (4%) cases of unilateral NCs. As regarding their bilateral symmetrical range between teeth:
total=140 (73%): 2 (1%) of the NCs were detected between the lower first incisors, 22 (11.5%)
between the lower second incisors, 62 (32.2%) between the lower canines, 40 (21%) between the
lower first premolars, and 14 (7.3%) between the lower second premolars. The other 52 (27%)
cases of the detected NCs were asymmetric.

As regarding the Lingual Canals Number, 3 (1.5%) of the images showed no lingual canals,
92 (46%) had only one, 100 (50%) had two canals, and 5 (2.5%) had three canals (Figure 4.5).
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According to their location in relation to Genial Tubercles (GT); 63 (31.5%) were above GT,
27(13.5%) were below GT, 5 (2.5%) through or at GT, 77(38%) were above and below GT, 5
(2.5%) were above, below and through GT, 15 (7.5%) were above and through GT, 5 (2.5%)
were below and through GT, and 3 (1.5%) showed no lingual canals (Figure 4.6).

As regarding the Lingual Canals types, the frequency and percentage were assigned
according to each of the 20 figures (Figure 4.7). When the lingual canal aspect was concerned,
193 (96.5%) of the images had a lingual canal opening on the lingual aspect of the mandible, 1
(0.5%) had a lingual canal opening on the labial aspect, and 3 (1.5%) had canals opening on both
lingual and labial aspects at the same time. As regarding the location of the lingual canals in
relation to the midline when they were present, 120 (60%) of the canals were at the midline, 42
(21%) were on the right to the midline, and 35 (17.5%) were left to the midline (Figure 4.8).

The Number of Lingual Canals

-9 10
Erzaiialoin:nlh | No canals: 1.5%

"1 canal: 46%
2 canals: 50%

Figure 4.5. A pie chart showing the percentage of Lingual Canals Number in 200 images.

56



The Location of Lingual Canals

@ Above 31.5%

® Below 13.5%

i Through 2.5%

H Above & below 38%

M Above, below & through 2.5%

i Above & through 7.5%

M Below & through 2.5%

“No LC 1.5%

Figure 4.6. A pie chart, showing the percentage of the Lingual Canals Location in relation to Genail

tubercles in 200 images.
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Fig. 1: LC No.: 3

Fig. 2: LC No.: 1

Fig. 3: LC No.: 1

Fig.:4: LC No.: 2

Above (Superior)
At (Horizontal)
Below (Inferior)

At (Superior)

Above
(Horizontal)

Above (Superior)
Below (Inferior)*

Freq.: 5 (2.5%)

Freq.: 2 (1%)

Freq.: 3 (1.5%)

Freq.: 1 (0.5%)

Fig. 5: LC No.: 2

Fig. 6: LC No.: 1

Fig. 7: LC No.: 0

Fig.8: LC No.: 1

Above (Superior)
At (Superior)

Above (Superior)

Below (Inferior)

Freq.: 9 (4.5%)

Freq.: 58 (29%)

Freq.: 3 (1.5%)

Freq.: 23 (11.5%)
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Fig.9: LC No.: 2

Fig. 10: LC No.: 2

Fig.11: LC No.: 1

Fig.12: LC No.: 2

Above (Superior)
Below (Inferior)

Above (Superior)
Below(Horizontal)

At (Horizontal)

Above (Superior)
Below (Superior)

Freq.: 60 (30%)

Freq.: 12 (6%)

Freq.: 2 (1%)

Freq.: 2 (1%)

Fig. 13: LC No.: 2

Fig.14: LC No.: 2

Fig.15: LC No.: 2

Fig.16: LC No.: 1

At (Superior)
Below (Inferior)

Below(Horizontal)
Below(Inferior)*

Above (Superior)
At (Superior)

Above (Superior)*

Freq.: 4 (2%)

Freq.: 1 (0.5%)

Freq.: 6 (3%)

Freq.: 2 (1%)
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Fig. 17: LC No.: 2

Fig.18: LC No.: 2

Fig.19: LC No.: 1

Fig.20: LC No.: 2

Above(Inferior)

Above (Horizontal)

Below(Horizontal)

Below (Inferior)

Below (Inferior) Below(Inferior) Below (Inferior)

Freq.: 1 (0.5%) Freq.: 1 (0.5%) Freq.: 3 (1.5%) Freq.: 2 (1%)

Figure4.7.The frequency and percentage of the Lingual Canal types assigned as 20 figures. Each figure is
descriped according to the LC number, LC location in relation to GT (above\At\below), and the direction
or orientation of the canal (superior\horizontal\inferior). * The canal continues to the labial aspect
(Images obtained with i-CAT® Model 17-19; CBCT Imaging Unit: InVivoDental5 Version 5.2
Anatomage, software): Dentomaxillofacial Radiology Department; Faculty of Dentistry, University of

Yeditepe.

Figure 4.8. The frequency and percentage of Lingual Canal location in relation to the midline in 200 images (Note
that there were no lingual canals detected in 3 images). (Images obtained with i-CAT® Model 17-19; CBCT
Imaging Unit: InVivoDental5 Version 5.2 Anatomage, software): Dentomaxillofacial Radiology Department;

Faculty of Dentistry, University of Yeditepe.
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As regarding the Lingual Foramen, the result analysis showed a frequency of 3 (1.5%)
images with no LF, 93 (46.5%) with one foramen, 99 (49.5%) with two foramina, and 5 (2.5%)
with three foramina. The frequency of the aspects on which the LF opened, when they were

present, was as follows: 194 (97%) opened on the lingual aspect and 3 (1.5%) opened on both

lingual and labial sides.

4.2.2. Arithmetic Means and Standard Deviations of the Measurements:

As regarding the age, for 200 images M = 42.68, SD =16.05542, and the p-value =0.094. As
for the gender (female, male, and both female and male or total), the M, SD, and p-value for the
MaF and MaCs number for right and left sides were deliberated (Table 4.7).

Table 4.7. Mean (M), Standard Deviation (SD), and p-value (p) for Mandibular Foramen (MaFN) and

canal (MaCN) numbers for right (R) and left (L) sides in females and males separately, and together.

Parameter Female Male Total
n=133 n=67 n=200
M SD M SD M SD p
MaFNR 1.000 0.000 1.000 0.000 1.000 0.000 -*
MaFNL 1.000  0.000 1.000 0.000 1.000 0.000 -*
MaCNR 1.248 0.772 1.104 0.464 1.200 0.687 0.182
MaCNL 1.188  0.687 1.104 0526 1.160 0.637 0.609

* No statistics are computed, because MaFN is a constant.

As regarding the gender: M, SD, and p-value for the Mental Foramen Number and Mental

Canal: length, location, orientation, and aspect for both sides were deliberated (Table 4.8).
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Table 4.8. Mean (M), Standard Deviation (SD), and p-value (p) for mental foramen number (MeFN) and Mental
Canal; length (MeCLe), location (MeCl), orientation (MeCO), and angulation (MeCA) on right (R) and left (L) sides

in females and males separately, and together. Note: MaCA ranged from 0°to 83°,

Parameter

MeFNR
MeFNL
MeCLeR
MeClLeL

MeCIR
MeCIL

MeCOR
MeCOL

MeCAR
MeCAL

Female Male Total
n=133 n=67 n=200
M SD M SD M SD p
1.037 0.190 1.014 0.122 1.030 0.171 0.666
1.022 0.149 1.014 0.122 1.020 0.140 1.000
6.119 1.573 7.466 1.742 6.570 1.747 0.000*
6.041 1.655 6.705 1.417 6.264 1.607 0.006*
1.368 0.621 1.388 0.601 1.375 0.613 0.699
1.511 0.831 1.597 0.888 1.540 0.849 0.699
1.015 0.122 1.044 0.208 1.025 0.156 0.337
1.060 0.238 1.044 0.208 1.055 0.228 0.754
46.278 11.372 48.417 15.597 46.995 12942 0.321
47.639  16.341 51.880 16.768 49.060 16.565  0.087

*P < 0.05 is accepted as statistically significant.
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As regarding the gender: M, SD, and p-value for the Mandibular Incisive Canal visibility, on

right and left sides, were deliberated (Table 4.9).

Table 4.9. Mean (M), Standard Deviation (SD), and p-value (p) for Mandibular Incisive Canal (MIC) visibility on

right (R) and left (L) sides in females and males separately, and together.

Parameter Female Male Total
n=133 n=67 n=200
M SD M SD M SD p

MIC(R) 1315 0466  1.358 0.483 1.330 0471 0.633
MIC(L) 1323 0469  1.358 0.483 1.335 0.473 0.622

*P < 0.05 is accepted as statistically significant

As regarding the gender: M, SD, and p-value for the lateral lingual vascular canals’; number
(LLVCN), length (LLVCLe), orientation (LLVCO), range (LLVCr), height (LLVCH), and
aspect (LLVCA) (when there was one canal ‘a’, or two canals ‘b’ on one or both sides) on right
(R) and left (L) sides in females and males separately, and together for both right and left sides
were deliberated (Table 4.10).
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Table 4.10. Mean (M), Standard Deviation (SD), and p-value (p) for Lateral Lingual VVascular Canals (LLVCs).

Parameter Female Male Total
n=133 n=67 n=200

M SD M SD M SD p
LLVCNR 0.428 0.540 0.597 0.578 0.485 0.557  0.129
LLVCNL 0.458  0.557 0.537 0.611 0.485 0.575 0.545
LLVCLeRa 2108 2671 2.893 2.742 2.371 2.713  0.053
LLVCLeRb 0.105 0.785 0.181 0.857 0.131 0.808  0.535
LLVCLeLa 2.297 2.807 2.625 2.890 2.407 2.832  0.440
LLVCLeLb 0.151 0.884 0.247 1.014 0.183 0.928  0.448
LLVCORa 0.985 1.279 1.417 1.394 1.130 1331 0.076
LLVCORD 0.030 0.211 0.134 0.625 0.065 0.401  0.058
LLVCOLa 1.075 1.329 1.238 1.382 1.130 1.346  0.859
LLVCOLDb 0.060 0.364 0.149 0.609 0.090 0.461  0.473
LLVCrRa 1.142  1.436 1.656 1.934 1.315 1.633  0.002*
LLVCrRb 0.097 0.960 0.119 0.564 0.105 0.847  0.112
LLVCrLa 1.157  1.770 1.268 1.452 1.195 1.667  0.252
LLVCrLb 0.060 0.364 0.134 0.574 0.085 0.445  0.622
LLVCHRa 1.142  1.409 1.522 1.428 1.270 1.423 0.086
LLVCHRDb 0.045 0.298 0.119 0.564 0.070 0.407  0.127
LLVCHLa 1.180 1.397 1.298 1.435 1.220 1.407  0.768
LLVCHLDb 0.082 0477 0.149 0.609 0.105 0.524  0.446
LLVCARa 0.421  0.525 0.582 0.554 0.475 0.539 0.135
LLVCARD 0.030 0.211 0.044 0.208 0.035 0.209  0.349
LLVCALa 0.436  0.527 0.492 0.532 0.455 0528 0.744
LLVCALDb 0.030 0.211 0.044 0.208 0.035 0.209  0.349

*P < 0.05 is accepted as statistically significant




As regarding the gender: M, SD, and p-value for the Lingual Canals’; number, aspect ,

location in relation to the midline, location in relation to the genial tubercles, and in relation to

the 20 figures allocated by the first observer were deliberated (Table 4.11).

Table 4.11. Mean (M), Standard Deviation (SD), and p-value (p) for Lingual Canals’; number (LCN), aspect
(LCA), location (LCI), location in relation to Genail Tubercle (LCGT), and in relation to the 20 allocated figures

(LCfig) on right (R) and left (L) sides in females and males separately, and together.

Parameter Female Male Total

n=133 n=67 n=200

M SD M SD M SD p

LCN 1.488 0572 1.626 0573 1535 0574 0.376
LCA 1.000 0.213 1.059 0.384 1.020 0.282 0.317
LCI 1533 0.783 1567 0.820 1545 0.794 0.954
LCGT 2744 1760 3.358 1.702 2950 1.761 0.020*
LCfig 8.037 3432 8.611 3.237 8.230 3.371 0.256

*P < 0.05 is accepted as statistically significant.

As regarding the gender: M, SD, and p-value for the Lingual Foramina; number, aspect, and

location were deliberated (Table 4.12).
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Table 4.12. Mean (M), Standard Deviation (SD), and p-value (p) for Lingual Foramina; Number (LFN), Aspect
(LFA), and location (LFI) on both right (R) and left (L) sides in females and males separately, and together.

Parameter Female Male Total
n=133 n=67 n=200
M SD M SD M SD p
LFN 1.473 0.571 1.641 0.569 1.530 0.575 0.196
LFA 1.000 0.213 1.044 0.366 1.015 0.274 0.471
LFI 1.548 0.792 1.641 0.847 1.580 0.810 0.859

*P < 0.05 is accepted as statistically significant

4.2.3. Comparison of Measurements in Terms of Gender:
4.2.3.1 Group Statistics:

For continuous type of data, the arithmetic means of the measurements were compared in
terms of gender. For group statistics, data is summerized as tables in regards to age (Table 4.13),
Mental Canal Length (Table 4.14), Lateral Lingual Vascular Canals’ Length (Table 4.15),
Lingual Canal in relation to genial tubercles, and in accordance to types assigned in the 20
figures ( Table 4.16).

Table 4.13. Group statistics for Age.

Parameter Gender N M SD Std. Error Mean
Female 133 44,0301 15.84199 1.37368
Age
Male 67 40.0000 16.25833 1.98627
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Table 4.14. Group statistics for Mental Canal Length (MeCLe) and Angulation (MeCA) for bothe right (R) and left

(L) sides.

Parameter Gender N M SD Std. Error Mean

MeCLe(R) Female 133 6.1194 1.57309 0.13640

Male 67 7.4666 1.74229 0.21285

MeCLe(L) Female 133 6.0415 1.65559 0.14356

Male 67 6.7055 1.41754 0.17318

MeCA(R) Female 133 46.2782 11.37272 0.98614

Male 67 48.4179 15.59735 1.90552

MeCA(L) Female 133 47.6391 16.34168 1.41700

Male 67 51.8806 16.76895 2.04865

Table 4.15. Group statistics for Lateral Lingual Vascular Canals’ Length for both right and left sides (when there
was one canal ‘LLVCLeRa\ LLVCLeLa’ or two canals ‘LLVCLeRb\ LLVCLeLb’ on one or both sides).

Parameter Gender N M SD Std. Error Mean
LLVCLe(Ra) Female 133 2.1087 2.67106 0.23161
Male 67 2.8931 2.74293 0.33510
LLVCLe(Rb) Female 133 0.1057 0.78527 0.06809
Male 67 0.1812 0.85704 0.10470
LLVCLe(La) Female 133 2.2973 2.80749 0.24344
Male 67  2.6258 2.89031 0.35311
LLVCLe(Lb) Female 133 0.1512 0.88453 0.07670
Male 67 0.2479 1.01456 0.12395
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Table 4.16. Group statistics for Lingual Canal in relation to genial tubercles (LCGT) and in relation to the 20 figures
(LCfig).

Gender N M SD Std. Error Mean
LCGT Female 133 2.7444  1.76091 0.15269
Male 67 3.3582  1.70295 0.20805
L Cfig Female 133 8.0376  3.43204 0.29760
Male 67 8.6119  3.23782 0.39556

4.2.3.2. Independent Samples T-Test:

For continuous type of data, the arithmetic means of the measurements were compared in
terms of gender, using independent sample t-test. This section followed the design of “Statistics
Help for Students” (146) in describing the data.

An independent samples t-test was conducted to compare Mental Canal (Anterior Loop)
length in both females and males (range 2.40 mm- 10.78mm). As for the mental canal length on
the right side, there was a significant difference in this measurement for females (M=6.12,
SD=1.57) and for males (M=7.47, SD=1.74); t (198) = -5.512, p= 0.00. As for the Mental Canal
length on the left side, there was a significant difference in this measurement for females
(M=6.04, SD=1.65) and for males (M=6.71, SD=1.42); t (198) = 2.81, p= 0.006. These results
suggest that the Mental Canal Length for both right and left sides is affected by gender.

An independent samples t-test was conducted to compare Lateral Lingual Vascular Canal
Length in both females and males. As for the lateral lingual vascular canal length on the right
side, there was not a significant difference in this measurement neither for females (M=2.11,
SD=2.76) nor for males (M=2.89, SD=2.74); t (198) = -1.943, p= 0.053. As for the Lateral
Lingual Vascular Canal Length on the left side, there was not a significant difference in this
measurement neither for females (M=2.329, SD=2.81) nor for males (M=2.63, SD=2.89); t (198)
= 0.77, p= 0.440. These results suggest that the Lateral Lingual Vascular Canal Length on both
right and left sides is not affected by gender.
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An independent samples t-test was conducted to compare Lingual Canal location in relation
to genial tubercles for both females and males. There was a significant difference for females
(M=2.74, SD=1.76) and for males (M=3.35, SD=1.72); t (198) = 2.35, p= 0.02. This suggests
that the Lingual Canal location in relation to genial tubercles is affected by gender.

An independent samples t-test was conducted to compare Lingual Canal types in relation to
the assigned 20 figures for both females and males. There was not a significant difference for
females (M=8.04, SD=3.43) and for males (M=8.61, SD=3.24); t (198) = 1.138, p= 0.256. This
suggests that the Lingual Canal configurations are not affected by gender.

An independent samples t-test was conducted to compare Lingual Canal Number for both
females and males. There was a significant difference for females (M=3.71, SD=1.72) and for
males (M=4.33, SD=1.73); t (198) = -2.378, p= 0.018. This suggests that the Lingual Canal
Number is affected by gender.

4.2.4. Categorical Data Comparison with Chi-square Test or Fisher’s Exact Test:

The data was subjected to cross-tabulation between distribution of the measurements
among gender, and then to Chi-square tests. The results of the comparison are for Mandibular
Canal Number in relation to gender (Table 4.17), for Mental Foramen Number in relation to
gender (Table 4.18), for Mental Canal location in relation to gender (Table 4.19), for Mental
Canal Orientation in relation to gender (Table 4.20), for the visibility of Mandibular Incisive
Canal in relation to gender (Table 4.21), for Lateral Lingual Vascular Canals Number in relation
to gender (Table 4.22), for Lateral Lingual Vascular Canals Orientation in relation to gender
(when there is one canal on one or both sides) (Table 4.23), for Lateral Lingual Vascular Canals
Orientation in relation to gender (when there are two canals on one or both sides) (Table 4.24),
for Lateral Lingual Vascular Canals range between mandibular teeth in relation to gender (when
there is one canal on one or both sides) (Table 4.25), of Lateral Lingual Vascular Canals range
between mandibular teeth in relation to gender (when there are two canals on one or both sides)
(Table 4.26), of Lateral Lingual Vascular Canals Height in relation to gender (when there is one
canal on one or both sides) (Table 4.27), for Lateral Lingual Vascular Canals Height in relation
to gender (when there are two canals on one or both sides) (Table 4.28), of Lateral Lingual

Vascular Canals Aspect in relation to gender (when there is one canal on one or both sides)
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(Table 4.29), of Lateral Lingual Vascular Canals Aspect in relation to gender (when there are

two canals on one or both sides) (Table 4.30), of the number of Lingual Canals in relation to

gender (Table 4.31), for the aspect of Lingual Canals in relation to gender (Table 4.32), for the

location of Lingual Canals in relation to gender (Table 4.33), of the number of Lingual Foramina

in relation to gender (Table 4.34), for the aspect of Lingual Foramina in relation to gender (Table

4.35), and for the location of Lingual Foramina in relation to gender (Table 4.36).

Table 4.17. Categorical comparison for Mandibular Canal Number (MaCN) in relation to gender for both right (R)

and left (L) sides.

Parameter Measurement Female Male p-value
n (%) n (%)
MaCN(R) 1 canal 118 (65.2) 63 (34.8) 0.182°
2 canals:
DentoBMC 6 (75 2 (25
RetroBMC 9 (90) 1 (10)
3 canals 0 (0 1 (100)
MaCN(L) 1 canal 122 (65.6) 64 (34.4) 0.609%
2 canals:

DentoBMC 4 (80) 1 (20)
RetroBMC 7 (778) 2 (22.2)

3 canals 0 (O 0 (0)

*P< 0.05 is accepted as statistically significant.

a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.18. Categorical comparison for Mental Foramen Number (MeFN) in relation to gender for both right (R)
and left (L) sides.

Parameter Measurement Female Male p-value
n (%) n (%)
MeFN(R)  1foramen 128 (66) 66 (34) 0.666°

2 foramina 5 (83.3) 1 (16.7)

MeFN(L) 1 foramen 122 (65.6) 64 (34.4) 1.000°
2 foramina 130 (66.3) 66 (33.7)

*P< 0.05 is accepted as statistically significant

a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.
b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.

Table 4.19. Categorical data comparison for Mental Canal location (MeCl) in relation to gender for both (R) and left

(L) sides.

Parameter Measurement Female Male p-value
n (%) n (%)

MeCI(R) Symmetrical 94 (67.6) 45 (32.4) 0.699°
Mesial 29 (61.7) 18 (38.3)
Distal 10 (71.4) 4 (28.6)

MeCI(L) Symmetrical 94 (67.6) 45 (32.4) 0.699°
Mesial 10 (71.4) 4 (28.6)
Distal 29 (61.7) 18 (38.3)

*P< 0.05 is accepted as statistically significant.
a: Pearson Chi-square test; P value<0.05accepted as statistically significant

b: Fisher’s Exact test; P value < 0.05 accepted as statistically significant.
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Table 4.20. Categorical comparison for Mental Canal Orientation (MeCO) in relation to gender for both right (R)

and left (L) sides.

Parameter Measurement Female Male p-value
n (%) n (%)

MeCO(R)  Superior 131 (67.2) 64 (32.8) 0.337°
Horizontal 2  (40) 3 (60)

MeCO(L)  Superior 125 (66.1) 64 (33.9) 0.754°
Horizontal 8 (72.7) 3 (27.3)

*P< 0.05 is accepted as statistically significant
a:Pearson Chi-square test; P value<0.05 accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 accepted as statistically significant.

Table 4.21. Categorical comparison for the visibility of Mandibular Incisive Canal (MIC) in relation to gender for

both right (R) and left (L) sides.

Parameter Measurement  Female Male p-value
n (%) n (%)

MIC(R) Good 91 (67.9) 43 (32.1) 0.547°
Moderate 42 (63.6) 24 (36.4)

MIC(L) Good 90 (67.7) 43 (32.3) 0.622°
Moderate 43 (64.2) 24 (35.8)

*P< 0.05 is accepted as statistically significant
a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.22. Categorical comparison for Lateral Lingual Vascular Canals Number (LLVCN) in relation to gender for

both right (R) and left (L) sides.

Parameter Measurement  Female Male p-value
n (%) n (%)
LLVCN(R) No canals 79 (725) 30 (27.5) 0.129°
1 canals 51 (60) 34 (40)
2 canals 3 (50) 3 (50)
LLVCN (L) No canals 76 (68.5) 35 (31.5) 0.545°
1 canals 53 (65.4) 28 (34.6)
2 canals 4 (50) 4 (50)

*P< 0.05 is accepted as statistically significant

a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.

Table 4.23. Categorical comparison for Lateral Lingual Vascular Canals Orientation (LLVCO1) in relation to

gender (when there is one canal on one or both sides) for right (R) and left (L) sides.

Parameter = Measurement Female Male p-value
n (%) n (%)

LLVCO1(R) No canals 79 (72.5) 30 (27.5) 0.076°
Superior 7 (58.3) 5 (41.7)
Horizontal 17 (73.9) 6 (26.1)
Inferior 30 (53.6) 26 (46.4)

LLVCO1(L) No canals 76 (68.5) 35 (31.5) 0.859°
Superior 7 (70) 3 (30.6)
Horizontal 14 (66.7) 7 (333
Inferior 36 (62.1) 22 (37.9)

*P< 0.05 is accepted as statistically significant

a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.24. Categorical comparison for Lateral Lingual Vascular Canals Orientation (when there are two canals on
one or both sides) (LLVCQO?2) in relation to gender for right (R) and left (L) sides.

Parameter Measurement Female Male p-value
n (%) n (%)
LLVCO2(R) No canals 130 (67) 64 (33) 0.058°
Superior 2 (1000 0 (O
Horizontal 1 (100) 0 (0)
Inferior 0 (0 3 (100)
LLVCO2(L) No canals 129 (67.2) 63 (32.8) 0.473°
Superior 1 (100) 0 (0
Horizontal 2 (50) 2 (50)
Inferior 1 (333) 2 (66.7)

*P< 0.05 is accepted as statistically significant

a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.25. Categorical comparison for Lateral Lingual Vascular Canals range between mandibular teeth (when

there is one canal on one or both sides) (LLVCr1) in relation to gender for right (R) and left (L) sides.

Parameter =~ Measurement Female Male p-value
n (%) n (%)
LLVCri(R) No canals 79 (72.5) 30 (27.5) 0.002**
3land 41 0 (O 1 (100)
41 and 42 3 (375 5 (62.5)
42 and 43 6 (50) 6 (50)
43 and 44 43 (71.7) 17 (28.3)
44 and 45 2 (20 8 (80)
LLVCri(L) No canals 76 (68.5) 35 (31.5) 0.252°
3land 41 2 (100) 0 (0
31 and 32 9 (75) 3 (25)
32 and 33 16 (64) 9 (36)
33 and 34 29 (64.4) 16 (35.6)
34 and 35 1 (20) 4 (80)

*P< 0.05 is accepted as statistically significant

a:Pearson Chi-square test; P value<0.05 accepted as statistically significant.

b:Fisher’s Exact test; P value < 0.05 accepted as statistically significant.
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Table 4.26. Categorical comparison for Lateral Lingual Vascular Canals range between mandibular teeth (when

there are two canals on one or both sides) (LLVCr2) in relation to gender for right (R) and left (L) sides.

Parameter =~ Measurement Female Male p-value
n (%) n (%)
LLVCr2(R) No canals 130 (67) 64 (33) 0.112¢
3land 41 1 (100) 0 (O
41 and 42 2 (100) 0 (0
42 and 43 0 (0 1 (100)
43 and 44 0 (0 2 (100)
44 and 45 0 (0 0 (0
LLVCr2(L) No canals 129 (67.2) 63 (32.8) 0.622°
31 and 41 0 (0) 0 (0)
31 and 32 1 (50) 1 (50)
32 and 33 2  (66.7) 1 (333)
33and 34 1 (333 2 (66.7)
34 and 35 0 (0 0 (0

*P< 0.05 is accepted as statistically significant

a:Pearson Chi-square test;P value<0.05 accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.27. Categorical comparison for Lateral Lingual Vascular Canals Height (when there is one canal on one or
both sides) (LLVCHL1) in relation to gender for right (R) and left (L) sides.

Parameter Measurement  Female Male p-value
n (%) n (%)
LLVCH1(R) No canals 79 (72.5) 30 (27.5) 0.086°
Upper 1\3 10 (50) 10 (50)

Middle 1\3 44 (62.9) 26 (37.1)

Lower 1\3 0 (0 1 (100)
LLVCH1(L) No canals 76 (67.9) 36 (32.1) 0.768°
Upper 1\3 0 (0) 0 (0
Middle 1\3 14 (70) 6 (30)
Lower 1\3 43 (63.2) 25 (36.8)

*P< 0.05 is accepted as statistically significant
a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.28. Categorical comparison for Lateral Lingual Vascular Canals Height (when there are two canals on one
or both sides) (LLVCHZ2) in relation to gender for right (R) and left (L) sides.

Parameter Measurement  Female Male p-value
n (%) n (%)

LLVCH2(R) No canals 130 (67) 64 (33) 0.127°

Upper 1\3 0 (0 0 (0

Middle 1\3 3 (75 1 (25)

Lower 1\3 0 (0 2 (100)
LLVCH2(L) No canals 129 (67.2) 63 (32.8) 0.446°

Upper 1\3 0 (0 0 (0

Middle 1\3 1 (333) 2 (66.7)

Lower 1\3 3 (60) 2 (40)

*P< 0.05 is accepted as statistically significant

a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.29. Categorical comparison for Lateral Lingual Vascular Canals Aspect (LLVCAL) in relation to gender

(when there is one canal on one or both sides) for right (R) and left (L) sides.

Parameter Measurement Female Male p-value
n (%) n (%)
LLVCAL(R) No canals 79 (725) 30 (275) 0.135°
Lingual 52 (59.8) 35 (40.2)
Labial 2 (50) 2 (50)
Both 0 (0) 0 (0)
LLVCAL(L) No canals 77 (68.8) 35 (31.3) 0.744°
Lingual 54 (63.5) 31 (36.5)
Labial 2 (66.7) 1 (333)
Both 0 (0 0 (0)

*P< 0.05 is accepted as statistically significant

a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.30. Categorical comparison for Lateral Lingual Vascular Canals Aspect (when there are two canals on one
or both sides) (LLVCAZ2) in relation to gender for right (R) and left (L) sides.

Parameter Measurement  Female Male p-value
n (%) n (%)

LLVCA2(R) No canals 130 (67) 64 (33) 0.349°
Lingual 2 (40 3 (60)
Labial 1 (100) 0 (0
Both 0 (0 0 (0

LLVCA2(L) No canals 130 (67) 64 (33) 0.349°
Lingual 2 (40) 3 (60)
Labial 1 (100) 0 (0
Both 0 (0 0 (0

*P< 0.05 is accepted as statistically significant
a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.

Table 4.31. Categorical comparison for the Lingual Canal Number (LCN) in relation to gender for right (R) and left
(L) sides.

Parameter Measurement Female Male p-value
n (%) n (%)

LCN No canals 2 (66.7) 1 (33.3) 0.376%
1 canal 67 (72.8) 25(27.2)
2 canals 61 (61) 39 (39)
3 canals 3 (60) 2 (40)

*P< 0.05 is accepted as statistically significant
a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.32. Categorical comparison for the Lingual Canal Aspect (LCA) relation to gender.

Parameter Measurement Female Male p-value
n (%) n (%)
LCA No canals 2 (66.7) 1 (33.3) 0.317°
Lingual 130 (67.4) 63 (32.6)
Labial 0 (0 1 (100)
Both aspects 1 (333 2 (66.7)

*P< 0.05 is accepted as statistically significant
a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.
b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.

Table 4.33. Categorical comparison for the Lingual Canal location (LCI) in relation to gender.

Parameter Measurement Female Male p-value
n (%) n (%)

LCI No canals 2 (66.7) 1 (333 0.954°
Midline 80 (66.7) 40 (33.3)
Mesial 29 (69) 13 (31)
Distal 22 (62.9) 13 (37.1)

*P< 0.05 is accepted as statistically significant
a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.34. Categorical comparison for the Lingual Foramen Number (LFN) in relation to gender.

Parameter Measurement Female Male p-value
n (%) n (%)
LFN No foramen 2 (66.7) 1 (33.3) 0.196°
One foramen 69 (74.2) 24 (25.8)
2 foramina 59 (59.6) 40 (40.4)
3 foramina 3 (60) 2 (40)

*P< 0.05 is accepted as statistically significant

a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.

Table 4.35. Categorical comparison for the Lingual Foramen Number (LFA) in relation to gender.

Parameter Measurement Female Male p-value
n (%) n (%)
LFA No foramen 2 (66.7) 1 (33.3) 0471°
Lingual 130 (67) 64 (33)
Labial 0 (0 0 (0
Both aspects 1 (333 2 (66.7)

*P< 0.05 is accepted as statistically significant
a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.
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Table 4.36 Categorical comparison for the Lingual Foramen location (LFI) in relation to gender.

Parameter Measurement Female Male p-value
n (%) n (%)

LFI None 2 (66.7) 1 (333) 0.859°
Midline 79 (68.1) 37 (31.9)
Mesial 29 (67.4) 14 (32.6)
Distal 23 (60.5) 15 (89.5)

*P< 0.05 is accepted as statistically significant
a: Pearson Chi-square test; P value < 0.05 is accepted as statistically significant.

b: Fisher’s Exact test; P value < 0.05 is accepted as statistically significant.

4.2.5. Correlation Coefficient:

This section followed the design of “Statistics Help for Students” (147) in describing the
data. A Spearman’s Correlation Coefficient was computed to assess the relationship between
Mental Canal Orientation (MeCO) on the right side of the mandible and Mental Canal
Orientation on the left side. There was a statistically significant correlation between the two
variables; r=0.523, n=200, p= 0.000. A scatter plot summarizes the results (Figure 4.9). Overall,
there was a moderate positive correlation between the Mental Canal Orientations on the right
side with that of the left side. Increases in the degree of orientation of the mental canal on the
right side were correlated with increases in the degree of orientation of the mental canal on the
left side.
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Figure 4.9. Scatter plot showing the correlation coefficient between Mental Canal Orientation on the right side
(MeCO(R)) and Mental Canal Orientation on the left side (MeCO(R)).

A Spearman’s Correlation Coefficient was computed to assess the relationship between
Mental Canal Orientation (MeCO) and Mental Canal location (MeCl) on the same right side.
There was no statistically significant correlation between the two variables; r= -0.041, n= 200,
p=0.565. The same test was computed to assess the relationship between Mental Canal
Orientation (MeCQO) and Mental Canal location (MeCl) on the same left side. There was no

statistically significant correlation between the two variables; r=-0.029, n= 200, p= 0.682.

A Spearman’s Correlation Coefficient was computed to assess the relationship between the
Mental Canal Length on the right side (MeCLeR) and the Mental Canal Length on the left side
(MeCLeL). There was a statistically significant correlation between the two variables; r=0.360,
n=200, p=0.00. Overall, there was a weak positive correlation between the Mental Canal Lengths
on right and left sides. The increase of the Mental Canal Length on the right side was correlated
with the increase of the Mental Canal Length on the left side.

A Spearman’s Correlation Coefficient was computed to assess the relationship between
Mental Canal Length (MeCLe) and the Mandibular Incisive Canal (MIC) visibility on the same

right side. There was no statistically significant correlation between the two variables; r= 0.013,
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n= 200, p= 0.850. The same test was computed to assess the relationship between Mental Canal
Length and the Mandibular Incisive Canal visibility on the same left side. There was no

statistically significant correlation between the two variables; r=-0.029, n= 200, p= 0.682.

A Spearman’s Correlation Coefficient was computed to assess the relationship between the
Mental Canal Length (MeCLe) and Mental Canal Orientation (MeCO) on the same right side.
There was no statistically significant correlation between the two variables; r=-0.128, n= 200,
p=0.071. The same test was computed to assess the relationship between Mental Canal Length
and the Mental Canal Orientation on the same left side. There was no statistically significant
correlation between the two variables; r=-0.102, n= 200, p= 0.150.

A Spearman’s Correlation Coefficient was computed to assess the relationship between the
Lateral Lingual Vascular Canals Number on the right side (LLVCNR) and the Lateral Lingual
Vascular Canals Number on the left side (LLVCNL). There was a statistically significant
correlation between the two variables; r= 0.283, n= 200, p=0.000. Overall, there was a weak
positive correlation between the number of Lateral Lingual Vascular Canal on the right side and
that of the left.

A Spearman’s Correlation Coefficient was computed to assess the relationship between the
Lateral Lingual Vascular Canal Number (LLVCN) and the Mandibular Incisive Canal (MIC)
visibility on the same right side. There was no statistically significant correlation between the
two variables; r=- 0.134, n= 200, p=0.058. The same test was computed to assess the relationship
between Lateral Lingual Vascular Canal Number (LLVCsN) and the Mandibular Incisive canal
(MIC) visibility on the same left side. There was no statistically significant correlation between
the two variables; r=-0.004, n= 200, p= 0.954.

A Kendlall’s Correlation Coefficient was computed to assess the relationship between the
Lingual Canal Number (LCN) at the midline and the Mandibular Incisive Canal (MIC) visibility
on the right side. There was no statistically significant correlation between the two variables;
r=0.069, n=200, p=0.324. The same test was computed to assess the relationship between the
Lingual Canal Number and the Mandibular Incisive Canal visibility on the left side. There was

no statistically significant correlation between the two variables; r= 0.136, n= 200, p= 0.050.
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A Spearman’s Correlation Coefficient was computed to assess the relationship between the
Lateral Lingual Vascular Canal Length on the right side (LLVCLeR) of the mandible and the
Lateral Lingual Vascular Canal Length on the left (LLVCLeL). There was a statistically
significant correlation between the two variables; r=0.307, n=200, p=0.000. Overall, there was a
weak positive correlation between the right Lateral Lingual Vascular Canal Length and the left
Lateral Lingual Vascular Canal Length. Increases in the right side canals were correlated with

increases in that of the left side ones.

A Spearman’s Correlation Coefficient was computed to assess the relationship between the
Lateral Lingual Vascular Canal Length on the right side (LLVCLeR) of the mandible and
Mandibular Incisive Canal (MIC) visibility on the same side. There was a statistically significant
correlation between the two variables; r=-0.142, n=200, p=0.045. Overall, there was a very weak
negative correlation between the two variables. The same test was computed to assess the
relationship between the Lingual Canal Length on the left side and the Mandibular Incisive
Canal visibility on the same side. There was no statistically significant correlation between the
two variables; r="-0.019, n= 200, p=0.792.

A Kendlall’s Correlation Coefficient was computed to assess the relationship between the
right Lateral Lingual Vascular Canals’ Orientation (LLVCOR1) and the left Lateral Lingual
Vascular Canals’ Orientation (LLVCOL1) when there was one canal. There was a statistically
significant correlation between the two variables; r= 0.235, n=200, p=0.000. Overall, there was a
weak positive correlation between the two variables. The same test was computed to assess the
relationship between the right Lateral Lingual Vascular Canals’ Orientation (LLVCOR?2) and
that on the left (LLVCOLZ2) when there were two canals. There was no statistically significant
correlation between the two variables; r= 0.118, n= 200, p= 0.092.

A Kendlall’s Correlation Coefficient was computed to assess the relationship between the
right Lateral Lingual Vascular Canals’ Orientation (LLVCORZ1) and the right Lateral Lingual
Vascular Canals’ Height (LLVCHR1) when there was one canal. There was a statistically
significant correlation between the two variables; r=0.850, n=200, p=0.000. A scatter plot
summarizes the results (Figure 4.10). The same test was computed to assess the relationship
between the right Lateral Lingual Vascular Canals’ Orientation (LLVCORZ2) and the right

Lateral Lingual Vascular Canals’ Height (LLVCHR2) when there were two canals. There is a
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statistically significant correlation between the two variables; r=0.997, n=200, p=0.000. A scatter
plot summarizes the results (Figure 4.11). Overall, there was a very strong positive correlation
between the right Lateral Lingual Vascular Canals’ Orientation and the right Lateral Lingual
Vascular Canals’ Height. Increases in the degree of orientation of the Lateral Lingual Canals
were correlated with increases in the height of the canals in regards to the overall alveolar bone

height at the measurement site.

Height and orientation (1)
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Figure 4.10. Scatter plot showing the correlation coefficient between Lateral Lingual Vascular Canals Orientation
on the right side (LLVCO(R)) and the Lateral Lingual Vascular Canals Height on the same side (LLVCH(R)) when

there was one canal.
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Height and Orientation (2)
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Figure 4.11 Scatter plot showing the correlation coefficient between Lateral Lingual Vascular Canals’ Orientation
on the right side (LLVCO(R)) and the Lateral Lingual Vascular Canals’ Height on the right side (LLVCH(R)) when

there were two canals.

A Kendlall’s Correlation Coefficient was computed to assess the relationship between the
left Lateral Lingual Vascular Canals’ Orientation (LLVCOL1) and the left Lateral Lingual
Vascular Canals’ Height (LLVCHL1) when there was one canal. There was a statistically
significant correlation between the two variables; r=0.879, n=200, p=0.000. A scatter plot
summarizes the results (Figure 4.12). The same test was computed to assess the relationship
between the left Lateral Lingual Vascular Canals Orientation (LLVCOLZ2) and the left Lateral
Lingual Vascular Canals Height (LLVCHL2) when there are two canals. There is a statistically
significant correlation between the two variables; r=0.992, n=200, p=0.000. A scatter plot
summarizes the results (Figure 4.13). Overall, there was a very strong positive correlation
between the left Lateral Lingual Vascular Canals’ Orientation and the left Lateral Lingual
Vascular Canals’ Height. Increases in the orientation of the Lateral Lingual Canals were
correlated with increases in the height of the canals in regards to the overall alveolar bone height

at the measurement site.
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Figure 4.12. Scatter plot showing the correlation coefficient between Lateral Lingual Vascular Canals’ Orientation

on the left side (LLVCO(L)) and the Lateral Lingual Vascular Canals’ Height on the left side (LLVCH(L)) when

there was one canal.
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Figure 4.13. Scatter plot showing the correlation coefficient between Lateral Lingual Vascular Canals’ Orientation

on the left side (LLVCO(L)) and the Lateral Lingual Vascular Canals’ Height on the left side (LLVCH(L)) when

there were two canals.
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A Kendlall’s Correlation Coefficient was computed to assess the relationship between the
number of the Lingual Canals (LCN) at the midline and the Lateral Lingual Vascular Canals
Number on the right side (LLVCNR). There was no statistically significant correlation between
the two variables; r=0.056, n=200, p=0.412. The same test was computed to assess the
relationship between the number of the Lingual Canals (LCN) and the lateral lingual vascular
canals’ number on the left side (LLVCNL). There was no statistically significant correlation

between the two variables; r=-0.022, n=200, p=0.745.

A Kendlall’s Correlation Coefficient was computed to assess the relationship between the
number of Mandibular Canals on the right (MaCNR) side and the number of Mandibular Canals
on the left (MaCNL). There was a statistically significant correlation between the two variables;
r=0.308, n=200, p=0.000. Overall, there was a weak positive correlation between the number of
the Mandibular Canals on the right and left sides. Increases in the number of the right
Mandibular Canals were correlated with increases in the number of the left Mandibular Canals.

A Kendlall’s Correlation Coefficient was computed to assess the relationship between the
number of Mandibular Canals on the right side (MaCNR) and the number of Mental Foramina
(MeFNR) on the same side. There was no statistically significant correlation between the two
variables; r=0.047, n=200, p=0.509. The same test was computed to assess the relationship
between the number of the Mandibular Canals on the left side (MaCNL) and the number of
Mental Foramina on the same side (MeFNL). There is a statistically significant correlation
between the two variables; r=0.236, n=200, p=0.001. Overall, there was a weak positive
correlation between the number of the Mandibular Canals on the left side and the number of
Mental Foramina on the same side. Increases in the number of the Mandibular Canals on the left

side were correlated with increases in the number of Mental Foramina on the same side.
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5. DISCUSSION

In regards to the intra-osseous course of the IANC and its associations and variations in the
mandible, the main bulk of literature was assembled from studies and conclusions based on 2-D
imaging; mainly panoramic and intraoral periapical radiographs (2, 12, 13, 22, 42, 52, 53, 60, 61,
68, 73, 99, 148, 149). Since the introduction of 3-D imaging; especially CBCT, many of these
studies have been recently tagged as false (84). Other studies reported that conventional
panoramic radiographs have failed to detect MIC (9, 12, 13, 17, 65, 140, 150-152). Furthermore,
bone measurement discrepancies in radiographs were reported; Sonick et al. (153) calculated the
average distortion and linear errors in the bone coronal to the mandibular canal and mental
foramen as follows: panoramic films: 23.5% (mean 3mm,; range 0.5-7.5mm), periapical films:
14% (mean 1.9mm; range 0.0-5.0mm), and CT scans with only linear errors in: 1.8% (0.2mm;
range 0.0-0.5mm). This states that the panoramic radiograph is proved to be the most inaccurate
image, exhibiting the greatest amount of distortion (153). Accordingly, neither periapical nor
panoramic radiography can precisely portray the amount of bone coronal to the mandibular canal
and mental foramen (154). Moreover, the information that it provides in regards to the anterior
loop of the mental canal is inaccurate and not reliable (140, 155), as false-positive and negative
findings occur when diagnosing the anterior loop with panoramic radiographs (154).
Accordingly, implant surgery in mandibular anterior region may turn from a simple safe minor
surgery into a life-threatening complication, due to inadequate knowledge of the existing
anatomy in that particular region (156). On the other hand, CBCT resembles conventional CT in
type of images obtained and software capabilities, nevertheless there are no CBCT linear
measurement magnifications as those occurring in conventional CT scans (140, 141), hence the
CBCT images are sharper and diagnostically clearer as the voxel size of CBCT is 0.1mm,
whereas in the CT scan it is 0.5mm at minimum (156). Therefore, CBCT has advantages over
panoramic radiography in the detection of anatomical variations and associations in the mandible
(53). Nevertheless, panoramic images reformatted from CBCT scan show better diagnostic
results than regular digital panoramic images (156, 157), and CBCT scans can be recommended
while planning dental implant placement in the mandible, especially in the anterior region (140).

In fact, CBCT imaging has been proved to be a gold standard among the various imaging
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modalities used in dental implant treatment planning, as it also provides digital preoperative
mock-up before proceeding with dental implant placement (156). In this context, all of the
findings, parameters and their measurements in the following section in the present study will be
only evaluated in accordance to their equivalents in other different CBCT studies, and the

benchmark is, indeed, the anatomical studies.

In an effort to elucidate the CBCT imaging anatomy of the IANC, including the MIC with
their associations and variations; this study was set out to develop a reliable and consistent
method of CBCT imaging analysis to assess the IANC, starting from the mandibular foramen
pending to the mandibular midline to involve the entire structure, accommodating all of its

encountered associations, variations and anatomical relationships in the same case.
5.1. Mandibular Incisive Canal:

By means of the original iCAT CBCT software program, the assessment of the IANC
revealed that the MIC is bilaterally visible in reformatted cross-sections of all the 200 iCAT
CBCT images; 400 IANC, with around 67% of the images having good MIC visibility.
Furthermore, on both right and left sides, MIC is not affected by gender. These indicate that the
MIC is a constant anatomical structure that can be detected on CBCT imaging, and the IANC
continues to the midline. This result, accordingly, supports the study’s hypothesis, which stated
that the visibility of the IANC and its prolongation in CBCT images can be detected as a

continuous component.

Based on imaging studies, this result is similar to the results in the following studies: Al-
Ani et al. (158) who identified the visibility of MIC in all (100%) of iCAT CBCT scans; also
with Patricia et al. (17) who detected MIC, bilaterally, in all of the 100 iCAT CBCT scans; and
with Leite et al. (159) who detected MIC, bilaterally, in all of the 250 CBCT scans; for 500
IANC.

Other authors have also found a high prevalence of MIC, using CBCT, with a variable
visibility ranging from 71.66% to 97.5%. as follows: Sokhn et al. (18) identified the MIC in
97.5% of the scans; Sahman et al. (150) examined CBCT scans from 243 patients from a Turkish
population, and of the 486 hemimandibles the MIC was visible in 94.4% of the CBCT scans;
Apostolakis and Brown (160) detected the MIC in 93% of 102 CBCT scans; Yovchev et al.

92



(161) detected the MIC in 92.9% of 140 CBCT scans; Kajan et al. (162) identified the MIC in
92.3% of 84 CBCT images of an Iranian population; Pires et al. (38), and Parnia et al. (163)
identified MIC in 83% of CBCT cases; Raitz et al. (164) detected the MIC in 90.3% of 150
CBCT scans; and Ramesh et al. (67) detected the MIC in 71.66% from 120 CBCT scans of an
Indian population, and they also mentioned that MIC may open on the lingual aspect of the

mandible close to the genial tubercle.

In cadaver mandible studies, some authors have found high prevalence in MIC detection,
such as: Obradovic et al. (165) who identified the MIC in 92% of 105 cadavers; and Mraiwa et
al. (13) who identified the MIC in 96% of 50 cadaver mandibles. Whereas, other authors
detected the MIC in all (100%) of the cadaver mandibles as in the following studies: in two
studies by Uchida et al. (63, 166); by Tepper et al. (64) ; by Mardinger et al. (9) who identified
the MIC in all 46 cadaver mandibles in which the neurovascular bundle was further described as
follows: 21.7% with complete corticated MIC walls, 58.7% with partially corticated walls, and
19.6% with no corticated canal walls and the Mandibular Incisive Nerve (MIN) is enclosed in
medullary space (159). Furthermore, De Andrada et al. (10) concluded that the MIN is a normal
structure that typically extends closer to the mandibular midline, providing innervations to first
premolar, canine, lateral and central incisors (167).

Many studies have investigated the MIC, yet its existence is still widely debated, especially
because it is still considered as an anatomical variation in the interforaminal area (9, 11, 13, 14,
17, 38, 64, 163). One main explanation is that the identification of the MIC is very difficult in the
central- lateral incisor region; as the closer it gets to the midline the thinner it becomes, until the
neurovascular bundle emerges in the medullary space and the canal disappears (160). However,
it was accepted that IAN from one side, infrequently, overlapped as far as the lateral incisor of
the opposite side (168), yet in some cases, it terminates in the lateral incisor region on the same
side (162). So, it is possible that the reason of the frequency variation in MIC detection, on
radiographs, is because that the canal becomes thinner as it extends to the midline of the
mandible (11, 46, 63, 151, 161, 163). Perhaps this is also the reason for the insignificant attention
given to the MIC, while designing and placing dental implants (164). Another explanation for the
different frequencies in detecting the MIC in this study compared with preceding imaging and

anatomy studies can be attributed to the degree of MIC wall cortication; the MIC walls contain
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less cortical bone than that of the MC (46), and so its identification in some imaging sections
becomes difficult when compared to MC detection. Moreover, the less or the loss of wall
cortication, means the less the possibility of accurate image detection (162). So, it can be argued
that the fact that the level of MIC wall cortication is significant in image visualization and
detection of the canal does not eliminate the fact that it is anatomically present (9, 10, 63, 64,
166). Other explanations can be attributed to the methodology, the make of CBCT machines
used: as almost all the studies that detected MIC in 100% of the cases used iCAT CBCT units, as
well as the ethnic group of the examined population (162,165).

MIC should be considered as a limiting factor while deciding the dental implant length, as
trauma of the MIC can lead to sever bleeding. This fact is usually ignored, as MIC can be only
detected in 2.7% of panoramic radiographs (156). Kiitiikk et al. (65) reported sensory
disturbances, ranging from mild paresthesia to complete anaesthesia, and\or neuropathic pain;
burning, or tingling, or throbbing, depending on the degree of nerve injury. This may take place

due to MIC perforation, while placing dental implants in the anterior mandible (65).
5.2. Mandibular Canal:

The mandibular canal is usually a single trunk on bilateral sides of the mandible, entering
from the mandibular foramen, extending and giving off dental branches to supply the teeth. This
main trunk ends by dividing into the mental and the incisive branches at the mental foramen
level (61, 168). Studies proved the presence of a second and even a third mandibular canal (4,
69, 170-172). Furthermore, Wadhwani et al. (72), Claeys et al. (74), Lew et al. (173), and
Murlimanju et al. (174) identified accessory mandibular foramina (AMF) in their studies. On dry
mandibles, the later study (174) observed AMF in 11 mandibles; 6 equally unilateral, and
bilateral in 5 (n=67). Needless to say, that the presence of AMF was usually associated with
failure to obtain adequate local anaesthesia (95,173, 174). In the present study, the MC was
single in 90.5% of the cases on the right side and 93% on the left, and the mandibular foramen

was bilaterally single in 100% of the cases, and not affected by gender.

The presence of “double”, or “duplicating”, or “bifid” (52, 175), or “accessory” (53), or
mandibular canal branches (176), was variably described in the available literature as: “rare” or

“anomalies” (74, 177, 178), or “very rare” (52), “not a rare finding” (73), “occasionally present”
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(60), “an unusual finding, but not rare”(175), “a variation” (179), “not an infrequent occurrence’
or “a fairly common anomaly” (180), “an abnormality” or “an aberrancy” (181), or “an oddity”
(52, 182). The TMC, on the other hand, is much rarer, and only few cases have reported it (70,
71, 79, 183). The detection of the BMC can only be confirmed by 3-D imaging (52, 53, 170,
176). Moreover, Fukami et al. (96) reported that the cross-section CBCT images of BMCs were
consistent with the gross anatomical sections. The present study shows that the presence of BMC
can be described as an unusual variation (16%), and TMC as a rare variation (1%) and their
detection is irrefutable by CBCT imaging.

According to CT studies, and regardless of the type of classification used or adapted, wide
variations of BMC prevalence rate were reported in different countries, ranging from 15.6% to
65%, with an average rate of 40.3% (176). In Turkey, Orhan et al. (82) reported 46.5% of 484
hemimandibels. In Belgium, De Oliveira-Santos et al. (66) reported 19%. In Taiwan, Fu et al.
(80) reported 30.6%. In Spain, Muinelo-Lorenzo et al. (86) reported 36.8%, and in Japan, Naitoh
et al. (19) reported 65%.

In Korea, Kang et al. (81) detected RMC in 5.38% of the CBCT images. In Italy, Lizio et al.
(184) detected RMC in 14.6% of the CBCT images. In Turkey, Orhan et al. (82) observed the
RMC in 28.10% and Dental type canal in 8.30%. In another study in Korea, Kawai et al. (101)
detected RMC in 37% of CBCT scans.

In the present study, RMC imaging classification according to the course (Figure 2.10) was
adapted from Von Arx et al. (89), who identified RMC in 25.6% of CBCT scans. In the same
study, only 4 cases had bilateral RMC, and 5 had unilateral. Although women tended to have
RMC more often than men in the same study, no statistical difference was found. Furthermore,
the distribution of RMCs according to type was as follows: 41.9% type A1l (vertical course),
16.1% type A2 (vertical course with additional horizontal branch), 29% type B1 (curved course),
12.9% type B2 (curved course with additional horizontal branch), and 0% type C (horizontal
course). The present study detected 19 (9.5%) RMC; 12 unilateral and 3 bilateral with one case
having a RMC on the left side and a DMC on the right. Although women tended to have BMC
and RMC more often than men on both right and left sides, no statistical difference was found in
this study. According to RMC type: 36.8% were type Al, 0% type A2, 52.6% type B1, 5.3%
type B2, and 5.3% type C. Sisman et al. (185) detected RMC in 26.7% of CBCT images
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(28.46% type Al and 26.09% type B1). In a Korean population (n=100), Park et al. (92) detected
RMC in 23 (11.5%) of the 200 mandibular sides:type Al in 37.3%, type B1 in 62.7%, and type
C was not identified in any of the images. Han et al. (185), however, followed Ossenberg’s (94)
classification (Section 2.5.3), and detected RMC in 65%, and TCC in 0.90% of the CBCT scans,

that belonged to males.

It is important to highlight that current knowledge of the RMC is mainly based on cadaver
studies and case reports; most of which address Retromolar Foramen (RMF) rather than the canal
(89). This study agrees with park et al. (92) that in the clinic, CBCT imaging is the superlative
method for detecting RMC and other ambiguous associations between IANC and different
mandibular anatomical landmarks. The results of the present study present practical information
for surgical interventions that may protect patients from complications. The presence of RMC
may alert clinicians regarding the possibility of inadequate anaesthesia or bleeding in the
retromolar area (92, 93, 173).

Differences in RMC prevalence can be attributed to differences in methodology (89),
differences in CBCT machines, and differences in various classification types adapted. For the
reason that CBCT can provide high-resolution 3-D images, that can detect accessory canals or
variations in any direction, CBCT was considered as an appropriate modality for comprehensive

evaluation and detection of BMC (78), and other distinctive variations (52).

The present study detected only one TMC on the right side, Rashsuren et al. (20) detected 7
cases, Muinelo-Lorenzo et al. (86) detected none, Adisen et al. detected one on CBCT. Auluk et
al (187) detected 3 TMCs, and in another study Auluck et al. (71) detected 4 TMC, also Mizbah
et al. (79) detected 4 cases on CBCT. Rashsuren et al. (20) found BMC and TMC together in
22.6% of the images; (BMC 21.2% and TMC 1.4%), out of which 17.4% were RMC, 4.6% were
Dental canals, 4.6% were Forward canals and 1% Buccolingual canal.

In the present study, BMC in general were detected in16% of the images; 9% on the right
and 7% on the left, and there was one (0.5%) TMC on the right side (Table 4.1).Furthermore, out
of the five types of BMC (Table 2. 1), only two types were detected; DMC (6.5%), and RMC
(9.5%); type Al1:36.8%, type B1:52.6%, type B2: 5.3% and type C 1: 5.3%.
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Muinelo-Lorenzo et al. (86) detected RMC in 12% and DMC in 7.5% of the CBCT
sections. Naitoh et al. (19) detected RMC in 29.8% and DMC in 7% of the CBCT sections. Han
et al. (95) detected RMC in 8.5% of the cases, and as they adapted Ossemberg’s classification in
their study, RMC were as follows: 66.7% vertical, 20% horizontal and 13.3% independent from
a separate foramen or TCC type. Thus, RMC prevalence in this study is almost consistent with
that of Han et al. (95) and DMC is consistent with that of Muinelo-Lorenzo et al. (86) and Naitoh
etal. (19).

In general, the prevalence of the retromandibular nerve ranged from 12-75% (93). In 136
cadavers from an lIranian population, Motamedi et al. (93) identified RM nerves in 40.4%.
Accordingly, it can be suggested that the RMC is a normal anatomical variation of the IANC
rather than an anomaly (93). This broad variation in frequencies can be due to differences in the
sample size, the type of examination conducted (170), statistic analysis design; especially when
each mandible is considered as a hemi section in the sample, and the type of classification
followed and\or adapted. Furthermore, it can be attributed to different types of CBCT machines

and accordingly; software facilities.
5.3. Mental Foramen:

One of the common complications affecting the mental nerve is injury at the time of flap
reflection (188). In the present study, none of the BMC or TMC had connections with a distinct
mental foaramen. According to the available literature, Rouas et al. (52) detected a BMC, where
the two parts of the canal followed the same course under each other, and each one of them had a
distinct mental foramen (52). Also, Berberi et al. (178), and Clayes et al. (74) identified BMC,
using CT scans with two distinct mental foramina. Meoli et al. (177) also identified a case of

“double foramen mentalis”.

More than one mental foramen may be present (154). Sawyer et al. (189) examined the
frequency of accessory mental foramina in skulls in four ethnic groups, and its prevalence was as
follows:  White Americans: 1.4%, African Americans: 5.7%, Asian Indians 1.5%, and
Columbian Indians 9%. This study identified a single opening of the mental foramen in 95% of
the cases, and an accessory mental foramen (two mental foramina in 10 cases (5%); 6 on the

right side, and 4 on the left; 7 in females and 3 in males). Eshak et al. (15) detected 5 cases of
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two mental foramina (1 female and 4 males). Miguel et al. (188) observed that the mental
foramen had a single opening in 95.97% of the cases, two foramina in 14 of the cases 3.59%,
which is almost consistent with the percentage in the present study, and three foramina in 2 cases
(0.43%) with no correlation to gender. It is interesting to highlight that Senyurek (190) reported
that multiple mental foramina were characteristic of prehistoric man and that evolution tended to
reduce this number to one in contemporary man. Conversely, the absence of the mental foramen
in cadaver mandibles, which is rarely observed, was reported by Matsuda (191), and also by De
Freitas et al. (192) who detected the absence of the mental foramen twice on the right side
(0.06%) and once on the left (0.03%) among 1435 dry human mandibles (193). Also, based on
CBCT sections, the bilateral absence of the mental foramen was recently reported by Matsumoto
et al. (194).

The present study identified two cases with vertical RMC having two mental foramina on
the same side, but with no evidence of connection. Nonetheless, there was a statistically
significant weak positive correlation between the number of the mandibular canals on the left
side only and the number of mental foramina on the same side. In this regard, the present study is
in agreement with Olivier (61); as he explained that an accessory mental foramen can only be a
bony septum dividing the foramen into two openings (193), and accordingly, the bifid canal is
not necessarily in contact with an accessory mental foramen. This also coincides with the
classifications of Carter and Keen (69), Nortje (60), and Langlais (68) as mentioned earlier
(Section 2.5.3), where none of the authors confirmed the presence of accessory mental foramina
despite of the presence of BMC (74). It can be concluded that different patterns occurs, and it

should not be always assumed that there is only one mental foramen on each side (154).
5.4. Mental Canal:

In the premolar area, the mental part of the IAN sometimes, after giving off the MIN
branch, curves or loops back and upwards to exit through the MeF at the buccal aspect, and
hence called: the Anterior Loop Nerve (ALN) (155, 195). Rothman (196) described its
appearance on cross-sections as the figure eight “8”, because the mandibular canal (lower)

courses foreword and the mental canal or the AL (upper) courses backward.
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During dental implant placement, the violation of the AL can lead to neurosensory
disturbances in the area of the lower lip (140). The frequency of sensory disturbances varies
according to many reasons: location of surgery, method of surgery, study design, sensitivity of
assessment techniques, selection of outcome variables, terminology used to express sensory
disturbances (154,197). Subsequent to dental implant insertion in the anterior mandible, the
prevalence of transitory altered lip sensation was as the following: 8.5% in a study by Bartling et
al. (198), 11% in a study by Wismeijer et al. (199), 24% in a study by Wolten (200), and Abarca
et al. (201) reported neurosensory disturbance in 33% of the cases in the anterior region of the

mandible after implant surgery with no statistical differences between the patients.

In this study, the results revealed that the mental canal length or the Anterior Loop Length
(ALL) ranged between 2.40mm to 10.78mm (mean: 6.59mm), and the length for both right and
left sides is affected by gender. Also, the mental canal angle of inclination, that traverses
coronally, ranged from 0° to 83°. Chen et al. (195) detected the ALL with maximum length of
8.41 mm, and a maximum angle of 81.79°, which varied with gender and age. This ALL and
angle are almost consistent with that in the present study, whereas Solar et al. (202) reported a
slightly different angle of inclination that ranged from 11°to 77°.

In the literature, there are different reports of ALL values, depending on the measurement
technique used (155). Vujanovic-Eskenazi et al. (140) reported their maximum ALL as 4mm.
Apostolakis and Brown (203) detected the maximum ALL as 5.70mm. Rothman (196) reported
the ALL as 10mm. Neiva et al. (204) reported the longest ALL as 11mm. In these last two
studies, the ALL is almost consistent with that in the present study. In addition, in the present
study, only the mental canal length (MeCL, or ALL) on both sides was affected by gender,
which may be attributed to the general discrepancy of mandible size between males and females
(160). Moreover, increases in the degree of orientation of the mental canal on the right side
were correlated with the increases in the degree of orientation of the mental canal orientation on

the left side, and likewise.

Anatomical studies reported wide variations in ALL; the average length of the anterior loop
based on direct measurements in cadaver samples ranged from 0.1 mm and 6.95 mm (137, 205-
207). Uchida et al. (160) reported the ALL with maximum length of 9.00 mm, suggesting that
the height of the individual and the gender influence the variations in ALL, whereas Benninger et
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al. (208) attributed the variations to race. Moreover, the wide range of values in the literature
may be due to high anatomical variability (140), ethnic differences, sample size, as well as
different study techniques. Among the different techniques; the data obtained from cadavers are
indeed the most accurate. However, CT and CBCT techniques gained acceptance as gold
standard (155).

Considering the wide range of ALL, Uchida et al. (160), and Parnia et al. (162) concluded
that it is risky to recommend any standard distance mesially from the mental foramen for dental
implant placement in the mental foramen region (155), and at the time of dental implant

treatment planning, this distance should be, routinely, measured for every patient individually.
5.5. Lateral Lingual Vascular Canals:

All of the detected LLVCs, in this study, were continuous with the IANC and MIC. It is
accepted that the connection of LLVCs with either the IANC or the MIC supports collateral
neural and vascular supply (37,128, 130). Detailed examination of anastomoses of posterior
LLVCs demonstrated that canals originating in the premolar area mainly connect with the MIC,
whereas those originating from the molar area connect with the IANC (130). The visible
connection of the LLVCs with adjacent anatomic structures was reported by Von Arx et al. (130)
as 100 %, and Sahman et al. (37) reported that almost all the LLVCs 98% had a connection with
the MIC, and only 2% had it with the IANC, which are both consistent with the continuity fact in
the present study. Nevertheless, Von Arx et al. (130) reported the connection between the
LLVCs and MIC as 67%, and 33% with the IANC, and Patil et al. (132) reported 45.4%
connectivity between LLVCs and IANC. The variations in frequency of LLVCs connectivity in
the present study with other studies may be attributed to the study design and method. As in this
study, in every single case on both right and left sides the IANC structure was detected,
continuously and efficiently, from its beginning in the mandible; from the mandibular foramen to
the midline. In this study, it is important to highlight that all the LLVCs started to appear in the
image sections, either immediately, or after the mental foramen area (none were detected in the
molar area), and are in direct connectivity with the MIC. Accordingly, it can be concluded that

the LLVCs are located in the interforaminal vicinity.
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In the present study, one lateral canal was detected on the right side of 42.5% of the images
and in 40.5% on the left side. Two lateral canals were seen on the right side of 3% of the images,
and in 4% on the left. Sahman et al. (37) demonstrated at least one LLVC in 25% of the CBCT
cases. Tepper et al. (64) reported a LLVC frequency of 53% on CT sections. Katakami et al.
(127) observed LLVCs in 40% of the cases, which is consistent with that in the present study. In
other studies, the frequency of LLVCs ranged from 30-80% (69, 126). Kaufman et al. (53)
suggested that LLVCs located on the lingual aspect are bilateral structures. In the present study,
there was a total of 5 (2.5%) of the LLVCs opening on the labial aspect and a total of 92 (46%)
opening on the lingual aspect. Furthermore, LLVCs types were detected both unilaterally and
bilaterally; there was one unilateral canal in 54 (48.2%) of the cases, two unilateral canals in 5
(4.5%) of the cases; [2 canals in total; on one side], and there was one bilateral canal in 46 (41%)
of the cases; [2 canals in total; one on each side], two bilateral canals in only one case (1%); [4
canals in total; 2 on each side], one canal on one side and two canals on the other side in 6
(5.3%) of the cases; [3 canals in total]. To our knowledge and according to the available
literature, this is the first study to classify LLVCs types according to the number of canals
unilaterally and bilaterally, detecting 4 LLVCs bilaterally.

Sahman et al. (37) reported unilateral LLVCs in 70% of the cases, bilateral in 30%, with
two of the bilateral cases having 3 LLVCs collectively; two canals on one side and one canal on
the other side, however; they did not specify the detailed types of LLVCs. Tagaya et al. (129)
observed bilateral LLVCs in 55% of the cases. Furthermore, Przystanska and Bruska (209)
reported that the occurrence of bilateral LLVCs was 36%, and Patil et al. (132) reported it as
34%. In accordance with these studies, the general occurrence of bilateral LLVCs in the current
study was 47.35%, and unilateral in 52.7%.

The high frequency of LLVCs observed in anatomy studies, when compared to radiology
studies, and the wide variation in different studies can be attributed to examination methods,

sample size, study design, and racial differences (132).

In this study, and in regards to the location of lateral canals, the highest frequency of

LLVCs was located between the canine and the first premolar 30% on the right side, 22.5% on

101



the left side at the same tooth range, and the lowest frequency was detected between the two
lower central incisors. In regards to gender, in the present study, only the range of the lateral
lingual vascular canals (when there was one canal) on the right side was statistically significant,
yet it could not be correlated to any specific finding or reason.

Von Arx et al. (130) also reported the first premolar area with the highest frequency 27.5%
of LLVCs. Similarly, Katakami et al. (127) observed the highest prevalence of LLVCs in the
right second premolar site 39.7%. The present study detected the highest prevalence of LLVCs in
the area between the canine and the first premolar on the right side: 30%, with the general range
of LLVCs on the right side as statistically significant in regrds to gender. On the other hand,
Sahman et al. (37) reported the lowest frequency of LLVCs: 2.3% at the first molar area. The

present study detected no LLVCs in the molar region.

The orientation or direction of the first lateral canal (when there was one in number) was
almost similar for both right and left sides, varying from 5-6% superior, 10.5-11.5% horizontal,
and 28 -29% inferior. The orientation of the second lateral canal (when there were two canals)
was near similar for both right and left sides, varying from 0.5-1% superior, 0.5-2% horizontal,
and 1.5% inferior. According to the available literature, this is the first study to explain and
detect the orientation of the LLVCs, indicating that the usual orientation of LLVCs is in the

horizontal direction.

The mandibular bone height at which LLVCs were located (when there was one in number)
was almost similar for both right and left sides, varying from 10% in the upper one third of the
mandibular height at the level where the lateral lingual vascular canal was detected, 34-35% in
the middle one third, and 0 -0.5% in the lower one third of the mandibular height. The height of
the second lateral canal (when there were two canals) was also near similar for both right and left
sides, varying from 1.5-2% in the upper one third, 1-2.5% in the middle one third, and none in
the lower one third of the mandibular height. According to the available literature, this is the first
study to explain and detect the height of the LLVCs according to the total height of the mandible,
indicating that the middle one third of the mandible in the interforaminal area contains the
highest frequency of LLVCs existence. At the very least, increases in the degree of orientation of
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the lateral lingual canals (either if it is one or two in number) were correlated with increases in

the height of the canals in regards to the overall alveolar bone height at the measurement site.

As it is impossible to visualize the LLVCs with conventional 2-D radiography, a CBCT
evaluation is recommended prior to surgical intervention to avoid any complications (37, 131).
Reported complications include: nerve disturbances (124), and hemorrhage or bleeding in the
floor of the mouth during and after implant insertion (130, 131). In particular, while inserting
long dental implants; 15mm or more in length, as the most common cause of uncontrolled heavy

bleeding in the anterior mandible is lingual cortical bone perforation (210).

In an anatomy study, Tepper et al. (64) demonstrated a sublingual artery in relation to the
LLVCs. Kawai et al. (128) found that branches of the submental artery communicate with the
mandibular incisive branch of the inferior alveolar artery. Katakami et al. (127) reported that the
LLVCs may contain a branch of either the submental artery, sublingual artery, or an anastomosis
of these arteries. These neurovascular structures, entering the mandible through the LLVCs are at
risk during surgical procedures (37,128). Vascular trauma may induce sever bleeding problems
that can be difficult to control (111, 124), and massive bleeding may possibly lead to subsequent
airway obstruction (109, 111). This can be lethal, and requires instant intervention of securing
the airway and bleeding control (211). In order to avoid this uncommon, yet serious risk, it is
advisable to use short implants (210), and more caution and awareness regarding this part of the

mandible is, highly, recommended (37).

5.6. Nutrient Canals:

These canals are in continuation with the IANC, branching from the MIC, as they supply
the lower anterior region of the mandible, coursing to the lingual surface of the alveolar crest.
NCs can embrace a nerve and blood vessels, which may explain the complications of bleeding
and neurosensory disturbances during and after dental implant insertion at that region (212).

In this study, the NCs were detected in 96% of the cases, indicating that NCs is an almost
permanent finding on CBCT scans. As regarding the frequency of bilateral symmetrical NCs
range between teeth: the minimum were detected between the lower first incisors 2 (1%), and the

maximum between the lower canines 62 (32%). In addition, the NCs existence extended to the
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level of the second premolar teeth: 14 (7.3%) within the interforaminal region. Ogawa et al.
(212) detected NCs and their forameni only in the incisor teeth region in 17 (16.2%) of the
images, as they suggested that NCs terminate in LF, otherwise they are not considered as true
NCs. The present study is in agreement with Ogawa et al. (212) that the NCs arise and branch
from the MIC. However, it is in disagreement in that the presence of NCs is limited to the
existence of the LF. As Yildirim et al. (213) reported that 37% of the patients presented with LF
located in the lateral incisor to the first premolar region, yet; these forameni may include, but not
limited to NCs. Moreover, Wang et al. (214), based on anatomy studies, reported that NCs may
terminate in forameni located at the interdental area on the labial or lingual aspects of the
anterior mandible. According to the findings in the present study, it can be said that the NCs
existence may extend to the second premolar area, and perhaps the fact that Ogawa et al. (212)
detected NCs only in the incisor teeth area provides a justification of the incidence discrepancy

between the two studies.
5.7.Lingual Canals:

Goaz and White (215) described Lingual Forameni (LF) and their associated canals (LC) as
the termination of the incisive branch of the mandibular canal. To evade surgical complications
at that area, it is important to consider the location of LF and LC (216). Gahleitner et al. (217)
assumed that the diameter of the LC is directly proportional to the diameter of the entering
artery. Even though an atery with a diameter less than 1mm in width is unlikely to cause major
bleeding problems, those with a larger diameter should be described in the “Radiology Report”,
as they can present bleeding control difficulties. Babiuc et al. (218) reported that 31% of LC had
a diameter of at least 1mm. Perhaps recognized as a weakness; the present study neither
incorporated measurement of the LC diameter nor LC bony depth or height in its design.

In the present study, the number of LCs ranged between zero to 3 canals, and their
incidences were as follows: 1.5% with no lingual canals 46% with one canal, 50% with two
canals, and 2.5% with three canals. According to their location in relation to genial tubercles;
31.5% were above, 13.5% were below, 2.5% through, 38% were above and below, 2.5% were
above, below and through, 7.5% were above and through, 2.5% were below and through, and
1.5% showed no lingual canals. Whereas, Babiuc et al. (218) reported the distribution of LC

number in 36 CBCT images as followes: 1 canal in about 72% of the images, 2 in 9.4%, 3 in

104



15.6%, and 4 in 3% of the images. In relation to genial tubercles (GT), the canals were detected
above G.T in 63.3% of the images, below in 13.34%, and above and below G.T (when there
were many canals) in 23.3% of the images. Among the two studies, only the relation of LC
below GT was consistent. This can be attributed to the differences in study design and to the

sample size.

In other terms, and regardless of the total number of LC, the present study showed that there
are 79.2% of the LC above GT, and 50% of the cases with 2 canals, which is almost equal with
the number of cases having only one canal. That may indicate that the midline area of the
anterior mandible is not a safe region. However, 97% of the LC, regardless of the number or
relation to GT, opened on the lingual aspect of the mandible, only 1.5% opened on the labial
aspect, and only the location of LC in relation to GT was affected by gender. This may be
attributed to size differences of the mandibular bone between females and males. On the other
hand, Aoun et al. (219) reported that the LF and LC were present in 93.33% of the CBCT cases,
and the majority (76.64%) was located above GT, which is very close to the incidence in the
present study, in the study by Sheikhi et al. (216), and in that by Babiuc et al. (218). However, in
the same study by Aoun et al. (219) neither the number of LC nor the location of the LF were
statistically significant in regards to gender.

In a previous study, Liang et al. (62) reported 72% of LC with a downwards course, running
to the labial aspect, [or as described in the current study with a superior course, directing towards
the lingual aspect] and 28% of them with an upward direction, running to the labial aspect [or as
described in the current study with an inferior course, directing towards the lingual aspect].
Sheikhi et al. (216) reported 96% of the superior LC with a downwards course, 1% with an
upward direction, and 3% with a horizontal course, wit them all running to the labial aspect.
They reported that from the inferior LC running to the labial aspect; 21.47% with a downwards
course, 77.8% with an upward direction, and 2.68% with a horizontal course, concluding that the
majority of the superior LC were with a downwards course, running to the labial aspect, and
most of the inferior LC were withan upward direction, running to the labial aspect. This is
consistent with the findings in the study by Kawai et al. (220).

Within the limits of this study, it can be concluded that within this sample of Turkish

patients, there was a considerable variability in the LF and LC anatomy and location. Therefore,
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the 20 types or figures allocated in this particular study (Figure 4.7) are more reasonable in
detecting the number in relation to the exact location and orientation of the lingual canals as one
type may contain more than one canal, each with a different location and orientation or direction.
Furtheremore, the number, location, orientation, and opening aspect of the lingual canals should
be meticulously considered in CBCT images while planning for dental implant placement in the

midline region of the anterior mandible.
5.8.Lingual Foramen:

This is a consistent foramen at the middle of the anterior mandible (221). The contents of
LF are rather confusing; Ennis (222) described the contents as an artery that branches of the
incisive artery, and anastomose with the lingual artery; McDonnell et al. (221) described the
contents as a single artery that results from an anastomosis of sublingual arteries coming from
right and left sides, joined to form a common artery, entering the LF, supplying the superior
surface of the genioglossus muscle. The cross-sectional histology of the specimens in the same
study by McDonnell et al. (221) confirmed this vessel to be an artery with a plexus of
perivascular vessels and occasional very small nerves around the artery, with no evidence of a

neurovascular bundle or a vein of compatible size to the artery.

In the present study, the lingual foramen was detected in 98.5% of the CBCT images,
indicating that it is an almost constant finding. This prevalence is almost consistent with Babiuc
et al. (218), Tepper et al. (64), Gahleitner et al. (217), and Sheikhi et al. (216) who detected the
LF in all of the CBCT cases. Whereas, the prevalence in all of these studies, including the
current study, is in disagreement with that of \Vujanovic-Eskenazi et al. (140) who identified LF
in only 49% of the CBCT cases. It is worth mentioning that Sheikhi et al. (216), Babiuc et al.
(218), and Choi et al. (223) detected 4 LF in 2.9%, 3%, and 15% respectively. Moreover,
Gahleitner et al. (217) detected 5 LF in their study.

Based on an anatomy study, McDonnell et al. (221) suggested that the LF is a consistent
finding on the lingual aspect of the mandible at the midline, as it was present in 99.04% of the
dried specimens examined. This incidence is consistent with the finding in the present study, and
is higher than those previously reported by Shiller and Wiswell (224), and Sutton (126), who
reported LF as 89% and 85% respectively.
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5.9.General Interpretation of the Findings:

It is important to highlight that although there were discrepancies between gender for both
right and left sides for: mandibular canal number, mental foramen number, mental canal location,
mental canal orientation, visibility of mandibular incisive canal, lateral lingual vascular canals
number, lateral lingual vascular canals orientation, lateral lingual vascular canals range between
mandibular teeth on the left side, lateral lingual vascular canals height, lateral lingual vascular
canals aspect, the number of lingual canals, aspect of lingual canals, the location of lingual
canals, the number of lingual foramina, aspect of lingual foramina, and the location of lingual
foramina, they were all statistically not significant, and thus not affected by gender. This may
indicate that these anatomical features are normal findings in the human mandible and are not
specific for a certain gender. The same result can be assumed for age: as it is statistically
insignificant, and awareness is to be raised, in this regard, while considering the plan for dental

implants and surgical interventions.

Furthermore, the results in this study in regards to correlation coefficient, surmised that
there was no statistical significance between the visibility of the MIC on either side with the
mental canal length, or with lateral lingual vascular canals number, or with lateral lingual

vascular canals length on the left side, or with lingual canal number on the midline.
5.10. Applications of the Findings:

This is the first study, to our knowledge and according to the available literature, to propose
a meticulous systematic method to investigate the CBCT (via iCAT) imaging anatomy of the
entire IANC. It is systematic in the sense that it tracks the canal from both right and left
mandibular foramina to the midline as a complete continuous entity, including all of its likely

variations and associations in the same assessment for the same patient.

The results of the present study present practical information for surgical interventions, and
may protect patients from complications. Knowledge of the IANC with its variations and
associations are clinically important for surgical dental procedures that involve the mandible, and
perhaps the main purpose of this study was to call attention to these variations and associations,
as their presence may induce surgical or post-surgical complications, and anxiety in

inexperienced practitioners.
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The present study highly recommends a precise CBCT imaging guideline for placing dental
implants in the mandible for each and every case at the allocated side(s). This CBCT imaging

guideline includes detecting the following image parameters:

1 Mandibular Foramen Number.

2 Mandibular Canal Number.

3 Mental Foramen Number.

4. Mental Canal: Length- Location- Orientation-Angulation.

5 Mandibular Incisive Canal visibility.

6 Lateral Lingual Vascular Canals: Number in relation to side- Length- Orientation-

Range-Height- Aspect.

7. Nutrient Canals: Number and Range.
8. Lingual Canal: Number- Aspect- Location- Type (classification).
9. Lingual Foramen: Number- Aspect- Location.

Many of these image parameters can be correlated to certain classifications that already
exist in the current CBCT imaging literature. However, the rest of these unrecognized and\or
unorganized parameters; especially the novel ones, can be proposed by the present study as new

classifications and sub-classifications.

5.10.1. Proposed Classifications and Sub-classifications:

With the discovery of new techniques and new prospective, scientific knowledge may
transform. As a nature of science, researchers commonly debate new information, arriving at
new understandings, and consequently new classifications. On those grounds and in accordance
to the results of the present study; the following classifications can be recommended as a
protocol for the “Radiology Report”, while conducting CBCT image analysis, especially for
dental implants placement.

5.10.1.1. Mental canal classification:

According to their distance and angulation of opening, Mental Canals (MeC) can be
classified as two main classes: Symmetric and Asymmetric (Table 5.1). These can be further

sub-classified in accordance to the angulation groups mentioned earlier (Table 4.4).
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Table 5.1. Proposed Mental Canal Classification and sub-classification.

Class Sub-class Description
Symmetric A Symmetric with equel angles
B Symmetric and belong to the same angle group*
C Symmetric, but does not belong to the same angle group
Asymmetric A Asymmetric with equel angles
B Asymmetric and belong to the same angle group*
C Asymmetric, but does not belong to the same angle group

*Angle groups: Angle=0° (Horizontal)
Angle above 0°and below 45° (Superior: 0°-44°)
Angle above 45° and below 90°(Superior: 45°-90°)

5.10.1.2. Mandibular Incisive Canal Classification:

According to their visibility, MIC can be mainly classified into two classes as Visible and
Non visible (Table 5.2).

Table 5.2. Proposed Mandibular Incisive Canal Classification.

Class Description

Class | MIC Non visible

Class 11 MIC Visible:

e Visible and continuous

e Visible, but not continuous.

5.10.1.3. Lateral Lingual Vascular Canals Classification:

According to their location on the right and\or left sides\side of the mandible, and according
to their number in the interforaminal region, LLVCs can be mainly classified into three classes:
No LLVCs, Unilateral LLVCs, and Bilateral LLVCs (Table 5.3).
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Table 5.3. Proposed Lateral Lingual Vascular Canals Classification according to location.

Class Description

Class 0 No LLVC

Class | Unilateral LLVCs:
e One canal at one side; right or left.

e Two canals at one side; right or left.

Class |1 Bilateral LLVCs:
e One canal on both sides; right and left.
e Two canals on both sides; right and left.

e One canal on one side and two canals on the other side.

According to their location, LLVCs can be further sub-classified in accordance to: a. Range,
and b. Height of the canals (Table 5.4).

Table 5.4. Proposed Lateral Lingual Vascular Canals sub-classification according to range and height.

Sub-class Description
Range 1 Between the two central incisors: at the midline.
Range 2 Between central incisor and lateral incisor (at the same side).
Range 3 Between the lateral incisor and canine (at the same side).
Range 4 Between the canine and first premolar (at the same side).
Range 5 Between the first premolar and second premolar (at the same side).
Height 1 Upper one third of the bone height.
Height 2 Middle one third of the bone height.
Height 3 Lower one third of the bone height.

LLVCs can be further sub-classified, according to their: c. Orientation, and d. Aspect of
opening in the interforaminal region (5.5).

110




Table 5.5. Proposed Lateral Lingual Vascular Canals sub-classification according to their orientation and

aspect.
Sub-class Description
Orientation 1 Superior direction
Orientation 2 Horizontal direction
Orientation 3 Inferior direction
Aspect 1 Lingual
Aspect 2 Labial

5.10.1.4. Lingual Canal Classification:

According to number and location in relation to Genial Tubercles (GT), LC can be
classified into four classes, with each class assigned to LC figure number (Figure 4.7) in

consideration to the LC number, orientation, and opening aspect (Table 5.6).

Table 5.6. Proposed Lingual Canal Classification according to humber, orientation, figure and aspect.

Class Description LC Figure number
Class 0 No Lingual Canals Fig. 7
Class | One LC:
e One LC above GT. Fig.3, Fig.6, and Fig.16.
e One LC through or at GT. Fig.2 and Fig.11.
e OneLCbelow GT Fig.8 and Fig.19.
Class 11 Two LCs:
e Two LCs; above and through or at GT. Fig.5 and Fig.15.
e Two LCs; above and below GT. Fig.4, 9, 10, 12, 17 and Fig.18.
e Two LCs; below and through or at GT. Fig.13.
e Two LCs below GT. Fig.14 and Fig. 20.
Class Il | Three LCs or more:
e Three LCs above, through, and below GT. | Fig.1.

111



5.11. The Limitations of the Study:

The procedure of following the steps in this proposed method can be tedious and protracted.
In few cases, the process of selecting a lingual canal shape or figure from the 20 allocated figures
was not easy, especially when there were more than one lingual canal and the canals were not
aligned on the same cross-section. So, a very meticulous, continuous, and repetitive movement

of the cursor is required.

In some cases, the measurement of LLVCs Height changed from one cross-section to
another within millimetres, as the LLVC continued to exist in successive cross- sections, but in
different heights. So, a numerical or a numbering system for each slice-thickness in every cross-

section can be recommended to the software design manufacturer.

112



6. CONCLUSIONS

This study contains a CBCT imaging account of the intra-osseouse course of the IANC in the

mandible. Accordingly, the following conclusions were made:

The IANC is mainly constituted of the mandibular canal, which commences from the mandibular
foramen and transmits the neurovascular bundle to the mental incisive region through the mental
foramen and the mandibular inscisive canal. In general, this canal is a single structure with
probable variations and associations.

The MIC is a constant anatomical structure that can be detected in CBCT images, and should be
considered in surgical treatment plans, especially dental implant.

The presence of BMC can be described as an “unusual variation”, the RMC as a “normal
anatomical variation” rather than an anomaly, the NCs, LC and the LF at the midline as constant
anatomical features and the TMC as a “rare variation”. Nevertheless, their detection is irrefutable
by CBCT imaging.

The incidence of RMC emphasizes their clinical significance in surgical procedures involving
the retromolar area, failure of inferior alveolar nerve block, and the possibility of bleeding.

Different patterns occur, and it should not be always assumed that there is only one mental
foramen on each side. Moreover, there is a great inconsistency of the ALL or mental canal
length. Therefore, it is not safe to recommend any definite distance mesially from the mental
foramen.

LLVCs are located in the interforaminal vicinity with the highest frequency between the canine
and the first premolar on both right and left sides in the middle one third of the mandibular bone
height at the measurement site. At that region, their usual orientation is in the horizontal
direction.

The number, location, orientation, and opening aspect of the LC should be meticulously
considered in CBCT images while planning for dental implant placement in the midline region.
The incidence of LC above GT may indicate that the midline area of the anterior mandible is not

a safe region. Accordingly, the use of short dental implants is adviced, and lingual canal or a
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lateral lingual vascular canal with a diameter more than 1 mm in diameter has the potential to
cause a major bleeding problem. Therefore it should be described in the “Radiology Report”.
Prior to the performance of surgical procedures in the vicinity of the IANC, it is crucial to
conduct a meticulous evaluation method that involves a systematic radiographic examination,
following a particular imging guidline, which considers not only the main structure of the canal,
but also its variations and associations.

Proposed classifications and sub-classifications can be recommended and integrated with the
guidelines for the “Radiology Report”, while conducting CBCT image analysis, especially for
dental implant placement, namely conserning: the MeC, MIC, LLVCs, and LC.

Currently, panoramic radiography might not be completely adequate. Therefore, CBCT imaging
has been proved to be a gold standard among the various imaging modalities used in dental
implant treatment planning, as cross-sectional CBCT images provide superlative evaluation of
the IANC configuration and course, as well as comprehensive detection of distinctive variations

and associations in the dental clinic.
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8. APPENDICES

8.2. Appendix1: General Consent Form

Hastalarinizla aranizda dogacak sorunlarin Oniine gecilmesi agisindan da biiyiik 6nem tasiyan form Yeditepe
Universitesi Dishekimligi Fakiiltesi tarafindan hazirlanmistir. Katkilaridan dolayr Yeditepe Universitesi Dis
Hekimligi Fakiiltesine tesekkiir ederiz. Istanbul Dis Hekimleri Odas1 Yonetim Kurulu.

GENEL BiLGILENDIRME VE GENEL ONAM FORMU
Sayin Hastamiz,

Asagida size verilen bilgileri okuyunuz. Bu bilgileri okuyup imzalayarak size ya da ¢ocugunuza uygulanacak
tedavileri hakkinda bilgi sahibi olacaksiniz. Tedaviplanlamasinin fayda ve risklerini 6grenmek sizin tedavi sonunda
memnun olmanizi saglayacaktir. Saglikli ve mutlu bir yasam dilegiyle.

Tedaviler esnasinda agri kontroliinii saglamak amaciyla smirli uyusturmauygulanmaktadir. Gerekli hallerde
oncelikle topikal anestezik madde(sprey) ile diseti veya yanagin i¢ kismi uyusturulur. Bélge uyustugunda anestezik
stvi enjektor ile enjekte edilerek, dis ve bulundugu bolge bir siireligine hissizlestirilir. Lokal anestezi uygulamast
sonrast nadir de olsa hastalarda alerjik reaksiyonlar, his kaybi, kanama, gecici kas spazmlari, gecici yiiz felci
goriilebilir. Lokal anestezi uygulamasi, bdlgede anatomic farkliliklar veya akut enfeksiyonlar olmadig: siirece
basarili bir uygulamadir. Lokal anestezi uygulanan bélge yaklasik 2—4 saat boyunca hissizdir. Bu nedenle, 1sirmaya
bagli yanak i¢i ve dudakta yara olusmamasi i¢in hissizlik gegene kadar yeme igme Onerilmez. 2—4 saat sonrasinda
anestezinin etkisi ortadan kalkar.

Tedavileriniz esnasinda ileri tetkik i¢in biyopsi alinmasi gerekebilir.

Saglik kurulusumuzun, diizeninin ve tedavi programimin aksamamasi i¢in randevularmiza sadik olmaya ve
zamaninda gelmeye Ozen gosteriniz. Gelmeniz miimkiin olmadiginda, randevunuzu 24 saat Oncesinden iptal
ettiriniz.

Hasta veya Hastanin Yasal Temsilcisi* - Yakinlik Derecesi

AdI-S0YaAL: .ot

T.C. KimliK NO™SU: oottt

TSI, e

imza

GENEL ONAM FORMU
Asagida imzas1 olan ben/hastanin vasisi/hastanin velisi, dishekimi tarafindan hastaligin
teshisi, tedavi plani ve alternatif tedaviler hakkinda bilgilendirildim. Bana &nerilen
tedavileri kabul ettim.

Siipheli tedavilerde planlamanin degisebilecegi anlatildi, anladim ve kabul ettim.

Tedavilerimle ya da cocugumun/.......................... tedavisi hakkinda merak ettigim tiim
sorulara cevap verildi.
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Yapilacak tedavilerin basarisinin bana da bagli oldugu, evde iizerime diisen agiz temizligi
ve diyet Onerilerine uymam gerektigi anlatildi, kabul ettim.

Benim/¢ocugumun/.................... vazgegmemiz gereken zararh aligkanliklarla ilgili 6nerileri
yerine getirmem ve bana/cocugumay................ yazilacak regetelerdeki ilaglart tarife uygun
doz ve siirelerde kullanmam gerekliligi anlatild1 ve kabul ettim.

Bana/cocuguma/..............cooeevennnt. uygulanacak tedavilerin uzun siireli garantiedilemeyecegi anlatildi, anladim
ve kabul ettim.

Tedaviyi kabul ettikten sonra bana/cocuguma/..........c.ooveenuneeinnn... ait bilgi, radyografi, fotograf, video ve diger
dokiimanlarin egitim ve/veya bilimsel amach ¢alismalarda kullanilmasini kabul edip izin verdim.

Tedavim sirasinda kigisel esyalarimin(para, miicevher, taki, giyecek, cep telefonu vb.)
sorumlulugu ve giivenliginin bana ait oldugu bildirildi, anladim ve kabul ettim.

Yukarida belirtildigi gibi tedavi planlamasi sirasinda bana/¢cocugumar.................. anlatilan ve benim tarafimdan
kabul edilen dis tedavilerini onayladim ve kabul ettim.

Hasta haklariyla ilgili olarak bilgilendirildi.
Hasta veya Hastanin Yasal Temsilcisi* - Yakinlik Derecesi
AdI-S0YAAL T oo s

T.C. KimliK NO SU & covveeiiiiiieeie e e era e

Hekimin

AdI-S0YAAL T oo

* Yasal Temsilci: Vesayet altindakiler igin vasi, resit olmayanlar i¢in anne- baba, bunlarin bulunmadigi durumlarda
1. derece kanuni mirasgilardir.(Hasta yakininin isminin yaninda yakinlik derecesini belirtiniz.
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8.2. Appendix 2:

Mandibular Foramen Number (MaFN) for both Rand L sides: (MaFN R) and (MaFN L)
No foramen=0
One foramen=1

Two foramina=2

Mandibular Canal Number (MaCN); For R and L: (MaCNR) and (MaCNL)
No canal=0

Single canal=1

Bifid canals=2

Trifid canals=3

Retromolar canal=4

Mental Foramen Number (MeFN); For R and L :(MeFN R) and (MeFNL)
None=0
One foramen=1

Two foramina=2

Mental Canal Length in mm (MeC Le); For R and L: (MeCLe R) and (MeCLe L)

Mental Canal location (MeCl); For R and L: (MeCl R) and (MeClI L)
Symmetrical=1

Mesial=2

Distal=3

Mental Canal Orientation (MeCO); For R and L:(MeCOR) and (MeCOL)
Superior direction=1

Horizontal direction =2

Inferior direction =3
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7. Mental Canal Angulations’ (MeCA); for R and L:MeCAR) and (MeCAL)
The angle between a horizontal line and the upper border of the mental canal opening was

measured in degrees.

8. Mandibular Incisive Canal visibility (MIC); For Rand L: (MIC R) and (MIC L)
Good visibility (canal is visible and continues) =1
Moderate visibility (canal is visible but not continues) =2
Not visible=0

9. Lateral Lingual Vascular Canals’ Number (LLVCN)For R and L: (LLVCNR) and (LLVCNL)
None=0
One canal=1

Two canals=2

10. Lateral Lingual Vascular Canals’ Length in mm (LLVC Le)For R and L: (LLVC Le R) and
(LLVC Le L) if present.

None=0

11. Lateral Lingual Vascular Canals’ Orientation (LLVC O)For R and L: (LLVC O R) and (LLVC
O L) if present:
Superior direction=1
Horizontal direction =2
Inferior direction =3
None=0

12. Lateral Lingual Vascular Canals’ range between teeth (LLVCr) For R and L :( LLVCr R) and
(LLVCr L) if present:
Between 41 and 31 =11
Between 31and 32 or 41 and 42 =1
Between 32and 33 or 42 and 43 =2
Between 33 and 34 or 43 and 44=3
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13.

14.

15.

16.

17.

18.

Between 34 and 35 or 44 and 45 =4
Between 35and 36 or 45 and 46 =5

None=0

Lateral Lingual Vascular Canals’ Height (LLVCH) ); For R and L: (LLVCHR) and (LLVCHL):
The canal’s height in mm was measured from the highest point of the canal’s upper border to the
lower border of the mandible in proportion to the total height of the mandibular bone, where the
canal was detected, divided by 3:

Height in the upper one- third = 1

Height in the middle one- third = 2

Height in the lower one-third = 3

None=0

Lateral Lingual Vascular Canals Aspect (LLVCA)For Rand L :( LLVCA R) and (LLVCA L):
Lingual=1

Labial=2

Both lingual and labial=3

None=0

Nutrient Canals Number (NCsN)

Nutrient Canals Range (NCsR)

Lingual Canal Number at the midline (LCN):
None=0

One canal=1

Two canals=2

Three canals=3

Lingual Canal Aspect (LCA):
Lingual=1
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19.

20.

21.

22,

Labial=2
Both=3

None=0

Lingual Canal location (LCI)
Midline=1

Right=2

Left=3

None=0

Lingual Canal in relation to Genial Tubercles (GT) (LCGT):
Above GT=1

Below GT=2

Through GT=3

Above and below GT=4

Above, below and through GT=5

Above and through GT=6

Below and through GT=7

None=0

Lingual Canal type resembling figure number (LCfig):

There are almost 20 types or forms or figures of LC.These were detected by the first observer,
while selecting the images for this study. Moreover,these figures were regrouped into 8 classes
(see Lingual Canal Classification LC Class, section 23), according to their relation with GT (see

Lingual Canal in relation to Genial Tubercles LCGT, section 18).

Lingual Foramen Number (LFN):
None=0

One foramen=1

Two foramina=2

Three foramina=3
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23.

24,

25.

Four foramina=4

Lingual Foramen Aspect (LFA):
Lingual=1

Labial=2

Both=3

None=0

Lingual Foramen location (LFI)
Midline=1

Right=2

Left=3

None=0

Lingual Canal Classification (LC Class)

LC figure number

LC Class

Fig.7

1

Fig.3, Fig.6, Fig.16

Fig.8, Fig.14, Fig. 19, Fig. 20.

Fig.2, Fig.11

Fig.4, Fig.9, Fig.10, Fig.12, Fig.17, Fig.18

Fig.1

Fig.5, Fig.15

Fig.13

2
3
4
5
6
7
8
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