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ORIGINAL ARTICLE / ARASTIRMA MAKALESI

Evaluation of the Inferior Alveolar Nerve with 3 Tesla Turbo Spin

Echo Magnetic Resonance Imaging

Inferior Alveolar Sinirin 3 Tesla Turbo Spin Eko Manyetik Rezonans Goriintiileme Y ontemiyle

Degerlendirilmesi

Melisa OCBE!

ABSTRACT

Objectives: The purpose of this study is to evaluate the inferior
alveolar nerve’s position and nerve plexus within the mandibular
canal (MC) with turbo spin echo (TSE) sequences of magnetic
resonance imaging (MRI).

Methods: The IAN position was evaluated retrospectively
in 220 patients as right and left mandibles (n=440). IAN was
classified according to topographical features and branches. MRI
images were evaluated as the sequences of T1-weighted, T2-
weighted and Proton Density TSE images with standard scanning
protocols. Additionally, location of the nerve plexus was recorded
as anterior, premolar, molar and retromolar regions.

Results: Patient age was in the range of 7-81 years and the
mean age was 37.23 +16.38. Most common type was Type I
(75.2%) which identifies a single major branch of IAN, followed
by Type II (21.8%) that identifies inferiorly located and extended
branching IAN, and Type III (3%) which represents IAN divides
posteriorly into two major branches. Also, it was found that molar
region nerve plexus (66.2%) was significantly higher than other
regions.

Conclusions: MRI is a non-invasive soft tissue imaging
method and is an alternative promising modality regarding in
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the evaluation of IAN. Preoperative MRI examination may help
surgical planning of mandible molar region to avoid complications.
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Giris: Bu ¢alismanin amaci inferior alveolar sinirin konumunu
ve mandibular kanalin igerisindeki sinir demetinin morfolojik
smiflamasini turbo spin eko manyetik rezonans goriintiileme (TSE
MRG) ile degerlendirmektir.

Materyal ve Metod: Inferior alveolar sinirin konumu, 220
hastaya ait manyetik rezonans goriintiilerinde sag ve sol olarak
(n=440) retrospektif olarak sagittal, koronal ve aksiyal kesitlerde
degerlendirilmistir. Inferior alveolar sinir topografik &zelliklerine
ve dallanmalarmna goére smiflandirilmistir. Manyetik rezonans
gorintiileri T1 agichikli, T2 agirlikli, Proton Density olarak
kaydedilmistir. Sinir pleksusunun konumu anterior, premolar,
molar, retromolar olarak kaydedilmistir.

Bulgular: Yas araligi 7-81 ve yas ortalamasi 37.23+£16.38
olmusgtur. En sik goriilen inferior alveolar sinir, tek bir sinir dalint
ifade eden Tip I (75.2%) olmustur. ikinci en stk goriilen Tip II
(%21.8) olup, mandibulanin inferiorundan gegen, uzamis sinir
dallanmalari izlenen tipi olmustur. Posteriorda iki ana dala ayrilan
inferior alveolar sinir tipi Tip III olup, goriilme siklig1 %3 olarak
saptanmistir. En sik goriilen sinir demeti bolgesi molar bolge
(%66.2) olarak bulunmustur.

Sonu¢: MRG, invaziv olmayan bir yumusak doku goriintiileme
yontemi olup inferior alveolar siniri goriintiilemede alternatif bir
yardimc1 yontem olabilir. Preopertatif olarak MRG, mandibula
molar bdlgenin cerrahi planlamasinda kullanilabilir.

Anahtar Kelimeler: inferior alveolar sinir, mandibula,
mandibular kanal, manyetik rezonans goriintiileme, turbo spin eko

INTRODUCTION

Inferior alveolar nerve (IAN) lies inside the mandibular
canal (MC) with vascular tissue and it is the largest branch
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of the mandibular division of the trigeminal nerve (Kim et
al., 2009). Histological sections had shown that the IAN
is observed as the fusion of numerous arteries, veins and
nerve fibers collected in the connective tissue and located
in the upper and lateral parts of the main mandibular nerve
trunk. As the inferior alveolar vein and artery runs above the
inferior alveolar nerve, surgical interventions to the superior
part of the mandibular canal may also affect these vascular
tissues as well (Fukami et al., 2012). This is the reason of
the course and location of IAN are great interest of dental

clinicians.

The topography of the IAN has been tried to be understood
by various methods. Although there is no consensus about the
course and topography of AN, there are two approaches for
investigating the character and configuration of the inferior
alveolar nerve: cadaver studies and imaging methods. As
the technological advances progress, imaging methods have
been improved and diversified (Weck et al., 2016).

Currently, there are various imaging methods for
evaluation of IAN: panoramic radiography (Juodzbalys
and Wang, 2010; Weck et al., 2016), computed tomography
(CT) and cone beam computed tomography (CBCT)
(Imamura et al., 2004; Juodzbalys and Wang, 2010; Chau,
2012; de Oliveira Santos et al., 2012; Ogawa et al., 2016),
ultrasonography (USG) (Machtei et al., 2010), endoscopy
(Beltran et al.,, 2012) and magnetic resonance imaging
(MRI) (Nasel et al., 1998; Imamura et al., 2004; Eggers et
al., 2005; Ferreti et al., 2009; Krasny et al., 2012; Assaf et
al., 2014; Agbaje et al., 2017; Deepho et al., 2017; Kreutner
et al., 2017; Deepho et al., 2018; Wamasing et al., 2019;
Beck et al., 2019). Panoramic radiography, CT and CBCT
can view the mandibular canal cortex, but these imaging
methods are not adequate for the interior neurovascular
tissue. Traditional radiographs or CBCT may not represent
the actual appearance of the bone structure. IAN might not
be visible due to the higher interaction of the radiation with
the cortical bone rather than trabecular bone. Also, sparse
trabeculation of mandibular bone is an inhibitory feature of
CBCT image quality. For all these reasons MR is a superior
method with the imaging of neurovascular tissues compared
to CBCT (Cavalcanti et al., 1999; Couture et al., 2003).

The purpose of this study is to verify the topography
of the inferior alveolar nerve, artery and vein therein by
MR imaging method retrospectively.

MATERIAL AND METHODS

Ethical approval for this retrospective study was granted
by the Marmara University, Faculty of Medicine, Ethical
Committee of Non-invasive Clinical Research with the
following project no: 09202272.

MRI images of 220 patients (48 male and 172 female,
mean age was 37.23, age range was 7-81) from the archive
of Marmara University Medical Hospital, Department of
Radiology were collected from the years between 2014
and 2021 for this retrospective study. Aimed region of the
interest was also recorded as following modalities: cervical,

temporal, facial and temporomandibular MRI.

In the cases with the absence of informed consent form
which refers using images for research and scientific reasons,
poor qualified images (metal artefacts, movement artefacts,
artefacts caused by head stabilizer of MRI machine),
insufficient region of interest, presence of any unilateral/
bilateral pathologies (tumours, cysts), malformations of
mandible or disorders that changes location or branching
pattern of MC (e.g. fibrous dysplasia, floride osseous
dysplasia, von Recklinghousen disease), presence of
postoperative reconstructive or fixative materials, presence
of mandibular or bimaxillary orthodontic wire, presence of
impacted or partially erupted teeth were excluded from this

study.

Procedures

Imaging of the mandible was performed with 3.0-T
(MagnetomVerio, Siemens Healthcare, Erlangen, Germany)
as standard procedure in all MRI scans with a standard
Siemens multicoil. Routine MRI protocol of turbo spin
echo (TSE) sequences [T1-weighted (T1w), T2-weighted
(T2w), Proton density (PD)] were used in order to evaluate
the location and branches of IAN (Table 1).

Table 1: Scanning protocol parameters.

T1 weighted | T2 weighted | Proton Density
Scan Parameters
Matrix size (mm) | 295 x 229 240 x 220 240 x 205
FOV (mm) 178 x 178 150 x 150 150 x 150
FA 90 90 90
TR 450 2500 2000
TE 7 80 21
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Image Analysis

DICOM file form of images were transferred for
reconstruction as sagittal, coronal and axial. The image
analysis was performed by using INFINITT software (Version
3.0.11.4 BN11, INFINITT Heathcare Co., Ltd, South Korea).

To ensure efficient evaluation, a clinician (MO) in the
Department of Oral Diagnosis and Radiology evaluated
the images. During meetings for the pilot study, a specialist
working in the Department of Radiology, Faculty of
Medicine trained the radiology specialists, and an agreement
on the objective criteria for the qualitative evaluation of the
images was forged among the evaluators.

For the evaluation of the TAN, classification of Carter and
Keen was used (Carter and Keen, 1971). IAN was evaluated
bilaterally and Type I (Figure 1 and 4) was used to identify
one major branch of TAN which is located nearby the roots of
mandibular molars. Type II (Figure 2) was used to represent
the IAN located inferiorly. In this type, nutrient canals were
seen prolonged, extended and more obliquely run to the
superior of the mandible. Type III (Figure 3) presents the IAN
type which divides in two major branches in posterior region.

Also, distribution of nerve plexus was classified
according to their area such as molar region, retromolar
region, premolar region and anterior region.

Figure 3. Type 111, sagittal cross section 3T TSE MRI a; T1w b; T2w ¢; Proton Density
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RESULTS

There was a statistically significant difference between
age groups in terms of IAN Morphology classifications
(p:0.002; p<0.05). Type I rate (84.1%) in the 36-45 age
group is significantly higher than patients younger than 25
years old (65.2%) and 26-35 years old (71.3%). The rate of
Type 1 over the age of 45 (81.4%) is significantly higher
than the group under the age of 25 (65.2%). The rate of Type
II under 25 years old (33.3%) is significantly higher than
36-45 years old (13.6%) and over 45 years old (14.3%).
There was no significant difference between other age
groups (p>0.05).

There was no statistically significant difference between
the genders, between right and left sides, between sequences

in terms of AN morphological classifications (p>0.05).

Although it is close to significance between modalities
in terms of IAN morphological classifications, there is
no statistically significant difference (p>0.05). Hence the
difference was not significant, it is noteworthy that the
incidence of Type II in the facial MRI (50%) is higher than in
the cervical MRI (10.5%) and temporal MRI (0%) (Table 2).

Table 2: Assessments on inferior alveolar nerve parameters.

Type 1 Type 2 Type 3
n (%) n (%) n (%) p
Age <25 0,002%
groups 86 (%65.2) 44 (%333) 2(%1,5)
26-35 ST(%713)  20(%25) 3 (%3,8)
36-45 74 (%84,1)  12(%13,6) 2(%2.3)
> 45 114 (%81,4) 20 (%143) 6 (%4.3)
Gender  Female 255 (%T41) 76 (%22,1) 13 (%3.8) 0,140
Male 76 (%79.2) 20 (%20,8) 0 (%0)
Side Right 167 (%75,9) 46 (%20,9) 7(%3,2) 0,873

Left 164 (%74,5) 50 (%22,7) 6 (%2.7)

Sequence T1 — weighted
T2 — weighted
Proton Density

133 (%72,7) 43 (%23,5) 7(%3.8) 0,527
33(%702) 12 (%25,5) 2 (%4.3)
165 (%78,6) 41 (%19.5) 4 (%1.,9)

Modality ~ Cervical MRI 34 (%89,5)  4(%10,5)  0(%0) 0,061
Temporal MRI 10 (%100) 0 (%0) 0 (%0)
Facial MRI 4 (%50) 4 (%50) 0 (%0)
Temporomandibular
MRI 283 (%73,7) 88 (%22,9) 13 (%3.,4)
Chi-square test *»<0.05

DISCUSSION

Classification of inferior alveolar nerve anatomy as a
cadaveric study was made initially by Olivier. In this study,
the anatomy of the inferior alveolar nerve is divided into
two categories on 50 cadavers; Type I as the only structural
formation with the branches that reach to the teeth (66%)
and Type II as the inferior alveolar nerve that forms the
plexus that supplies the teeth (34%) (Olivier, 1928). Polland
et al. examined 7 cadavers to examine the anatomy of the
inferior alveolar nerve. They found a single large nerve
bundle in each case (Polland et al., 2001).

Kieser et al. studied one hundred and seven edentulous
mandible cadavers to examine the vertical position of the
inferior alveolar nerve and its intraosseous branches. They
classified IAN as high, if the nerve is located superiorly to
the half of the mandibular corpus and as low if it is located
in the middle of the mandibular corpus or close to the
inferior border of the mandible. Also, IAN were divided
into 4 categories according to the branching pattern in the
study of Kieser et al. (Kieser et al., 2005). Type I is a single
nerve branch, Type II represents a single nerve with small
branches, Type 11l is a form of AN which gives branches to
the molar region in the proximal half of the nerve. Finally,
Type IV represents two plexuses in the proximal and distal
half of the IAN. According to the study of Kieser et al.,
the most common type II (56%) is followed by type III
(23.3%), type IV (16.9%), and type I (3.8%), respectively.
They also reported that 70% of them were localized “low”
in the half of the mandible corpus (Kieser et al., 2005).
However, Nortjeset al. found this positioning in 52.2%
of the cases. Although, their study of 3,612 radiographs
failed to distinguish between dentulous and edentulous
subjects, making comparisons with the study of Kieser
et al. is difficult (Notrje et al., 1977; Kieser et al., 2005).
Additionally, another study of Kieser et al. revealed that a
molar plexus from the proximal half of the IAN was the
most observed pattern of distribution (Kieser et al., 2004).

Carter and Keen examined the anatomy of the inferior
alveolar nerve in their study on 8 cadavers. In this study,
they found three types of inferior alveolar nerve trace as
Type 1, II and III (Table 3). Carter and Keen classification
was used in this study (Carter and Keen, 1971).
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Table 3: Classification of Carter and Keen (Carter and Keen, 1971)

Type I Type 11 Type I11
Single major inferior | Inferior alveolar nerve Inferior alveolar
alveolar nerve that runs | located slightly below the |nerve divides

within the bony canal. | mandible; compared to posteriorly
Type 1, dental branches into two major
arise more posteriorly, branches.

resulting in longer and
more oblique.

It is confirmed that the course and position of IAN can
be seen with various sequences of MRI and detectability
is higher than CT/CBCT (Imamura et al., 2004; Krasny
et al., 2012; Beck et al., 2021; Burian et al., 2020). In this
present study sagittal T1w, T2w, PD TSE MRI images were
selected. Bone marrow was seen with high signal intensity
in T1w sequence images. The cortical bone and its PD were
low signal intensity. The MC was low signal intensity inside
bone marrow that had high signal intensity. This study reveals
that the course of IAN / MC can be detected with MRI TSE
sequences. Also, according to the study Murakami et al.
detectability of tumour or inflammation with T2w sequence
is high but MC and alveolar bone could not be clearly imaged
due to the low signal-to-noise ratio (Murakami et al., 1996).
In line with this data, we used limited T2w sequence images
for this study. Additionally, low detectability of the MC in
molar region with CT was shown in the study of Imamura
et al. (Imamura et al., 2004). Molar region plexus was the
common branching pattern in out study with MRI. This data
represents the superior features of MRI. Furthermore, this
result is also similar with Kieser et al. classification (Kieser et
al., 2004; Kieser et al., 2005).

Both dentulous and edentulous patients were included
in this study. In previous studies, as in our study, it was
unknown how long the individuals had been edentulous.
As represented in the studies of Kieser et al., it is difficult
to build consensus regarding the effect of the duration of
absence of teeth on the course and distribution of the IAN.
Thus, no data could be obtained about the inferior alveolar
canal located low or high in this study. Carter and Keen
classification was evaluated according to its relation to the
teeth in dentulous patients (Carter and Keen, 1971; Nortjé et
al., 1977, Kieser et al., 2004; Kieser et al., 2005).

Type I (75.2%) was the most common configuration
of IAN in our study, following with Type II (21.8%) and
Type I (%3). Small branches of IAN were found 92.3% of
total semi-mandibles. These branches were also classified
according to their region. The most common plexus type
was found as molar plexus (66.2%) followed by retromolar

plexus (25.7%), premolar plexus (5.4%) and anterior plexus
(2.7%). A study of Chau showed that the IAN was difficult
to identify in the first and second lower molar regions with
CBCT and Chau found a significant difference between the
numbers of CBCT (8.62%) and the number of MRI (0.03%)
images that could not reveal the TAN. As the most common
plexus was molar plexus with our MRI study, the result of
our study also supports Chau’s (Chau, 2011).

Some limitations of this study can be considered as, the
evaluation of various imaging modalities with different regions
of interest. This variety can have an effect on the detection
of the neurovascular bundle. However, this distribution of
imaging modalities is sufficient for the commonly used MRI
images, given that the aim of the study was not to develop
a new imaging modality for IAN itself. Also, panoramic
reconstruction of MRI images was not used for this study
on purpose. Further studies can use multiplanar MRI images
(Burian et al., 2020) for the detection of AN morphology.

CONCLUSIONS

This present study aimed to demonstrate the location of
inferior alveolar nerve for preoperative planning of mandible
molar region and this study reveals that the course of IAN
/ MC can be detected with MRI TSE sequences. MRI is an
alternative imaging method when the position and course
of the nerve cannot be visualized on two-dimensional
radiographs or CBCT due to the low cortication of MC. Yet
MRI is not very accessible for dentists, patients’ previous
MRI images that taken for medical reasons can be used
by dentists without scanning the patient again. Imaging
IAN with MRI is advantageous due to the high image
contrast between IAN and bone structures of mandible.
Even considering that CBCT involves ionizing radiation,
as demonstrated by this study that it is possible to identify
the IAN course and position using previous images of the
patient, as MRI is a promising imaging method.
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