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Abstract

The anatomy and morphology of the location of the location of the mental neurovascular bundle varies significantly
among populations and is largely dependent on many factors, such as the developmental process as well as
comorbidities and diseases. Due to the need of practical health care in express methods of finding the main
projections of the neurovascular bundles and associated foramen, morpho-analytical modeling of the method of
finding the projection of the mandibular foramen on the skin of the mandible was performed. At the request of
ultrasound diagnosticians and maxillofacial surgeons, an attempt was made to calculate a unified point of projection
of the subchondral neurovascular bundle as a reference point for research and evaluation of the effectiveness of the
therapeutic process of mandibular fracture.

We have obtained a coordinate system that can be projected both on the patient's facial skin and on the CT data.
Clear positioning of the chin neurovascular bundle will allow to perform both diagnostic, for example, the study of
blood flow velocity of vessels during ultrasound examination in acute trauma, in persons with increased body mass
index, and treatment, for example, nerve blockade, manipulations with greater accuracy and safety for the patient.

Keywords: morphometric study; morphologic study; chin neurovascular bundle.
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Today facial traumas continue to be an urgent
problem in dentistry and maxillofacial surgery.
Epidemiologic studies of Russian and foreign sources
show a twofold increase in cases of bone injuries of the
maxillofacial region (MFR) over the last thirty years,!?
and the share of mandibular injuries in relation to the
total number of injuries varies between 3.2 and 8%.%°
It should be noted that the frequency of mandibular
traumatism in the Russian Federation over the last
twenty years continues to remain at a high level
without a downward trend.® Injuries to the bones of the
facial skeleton belong to socially significant problems
because they often lead not only to functional
impairment, but also to aesthetic impairment. Such
disorders can lead to disfigurement, which brings a
person not only physical but also psycho-emotional
suffering.’

Most often the working-age population (18-44
years old) is exposed to mandibular trauma, which
makes the problem socially significant. Treatment of
such fractures usually consists in immobilization of the
fragments by applying bicuspid splints. This method of
treatment is orthopedic and accounts for up to 87% of
cases.®® The fundamental criterion for a positive
treatment outcome is the presence of consolidation,
which is determined by radiographs or computed
tomography. However, this method of diagnostic
examination does not fully assess the restoration of
mandibular integrity in mandibular fractures, as well as
the normalization of blood flow.°

One of the objective criteria for the restoration of
bone integrity is the normalization of blood flow,
especially if the fracture line includes the outlet orifice.

The use of Doppler sonography is a clear tool for
assessing the healing process. In the study by Mancini
JC et al. (2016), it was shown that bone atrophy on the
background of jaw fracture slows down the blood flow
velocity in the facial and, predominantly, mental
arteries compared to healthy ones.!

The aim of this study is to develop a protocol for
finding a unified point of projection of the mental
neurovascular bundle as a reference point for research
and evaluation of the effectiveness of the treatment
process in mandibular fractures.

The study was carried out on the passported
anatomical material of the Department of Operative
Surgery and Topographic Anatomy of the N. V.
Sklifosovsky Institute of Clinical Medicine of the I. M.
Sechenov First Moscow State Medical University
(Sechenov University). 100 adult cadavers heads with
preserved bite height were included in the study.
Avrterial staining was performed using liquid, colored,
solidifying, natural silicone injected into the common
carotid artery on both sides (Kleiwer, RF) to enhance
clarity. Previously frozen objects were slowly thawed
naturally, and 24 hours later, immediately before
infusion, the vessels without pronounced pressure were
washed with a mixture of warm physiological solution
and heparin to remove potential thrombizing elements
and prevent intravascular damage. After obtaining
fluid flow through the opposite artery, the vascular bed
was considered ready for injection. Injection of scleral
vessels as well as alveolar branches was considered as
a staining criterion. At the end of staining, the object
was left at room temperature for 3 hours, then the
necessary examinations were performed, followed by
dissection and visualization of the result.
Measurements were performed on the skin of the lower
third of the face using a ruler and caliper. To find the
projection of the jawline and, consequently, the jawline
neurovascular bundle on the skin of the lower third of
the face, we measured the main bony landmarks of the
mandible on the proposed points: A-C; R-Pm; I-Mm.

These landmarks were the following points:

| - point projecting to the suture between the

oculomandibular process of the zygomatic bone

and the body of the maxilla;

e M - edge of the mandible;

e |-M - perpendicular drawn between these points;

e C - head (condyle) of the mandible;

e A -angle of the mandible;

e C-A - length of the mandibular branch;

e R - projection on the middle of mandibular branch
length along the longitudinal line A-C;

e Pm - point corresponding to the mental
protuberance (protuberantio mentalis);

e R-Pm - line drawn from the middle of mandibular
branch to the mental eminence;

e Fm - point of intersection of lines R-Pm and I-M,

corresponding to the front from the crossing of the

mental aperture area.
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To verify the conception, the smallest and largest
limits of values, the error of the mean M and the
standard deviation were determined. At the preparatory
stage, marks were made in the projection of the points

we proposed for landmarks (Figures 1a, b).

Next, a layer-by-layer dissection was performed in
the Fm point (foramen mentalis) to determine the
projection zone (Figures 2a, b).

Figure 1a, b. Dermal construction of projection lines between the landmark points

Figure 2a, b. Dissection of the area of the mental aperture and the artery of the same name (the af - facial artery,
a.facialis, was exposed for verification).

Spearman’s correlation coefficient and Mann-
Whitney U-criterion were used in statistical data
processing. Differences at p<0.05 were considered
statistically significant. The values of the correlation
coefficient that are at least average in strength and
>0.500 were considered.

Clinically, the technique was tested by
superimposing a projection through ultrasound of the
jawline region. Patients of both sexes were marked on
the facial skin in the form of 3 intersecting lines using
the above-described technique (Figures 3a, b).

Figures 3a, b. Schematic of determining the projection of the mental aperture by anatomical points on the skin
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In the area of intersection of two lines: blue (I-M)
and green (R-Pm), we determine the exit point of the
jawline (Fm). To confirm the theory, an ultrasound
examination was performed on a Hitachi Aloka Noblus
(Hitachi, Japan), using a linear high-density transducer

with a frequency of 5-18 MHz. The study was
performed in B-mode (black and white), color Doppler,
energy Doppler, spectral Doppler (spectrum of arterial
and venous blood flow) (Figure 4).

Figure 4. Determination of the location of the mental artery relative to the preformed markings using Doppler
flowmetry

Metric data were presented as mean + standard
deviation. Multiple comparisons were preformed using
non-parametric test Mann—-Whitney. The p-value less
than 0.05 was considered significant.

The height (working length) of the mandibular
branch from the condyle "C" (mandibular head),
clinically determined subcutaneously by palpation
anteriorly from the external auditory canal through the
mandibular excursion to the protruding point of the
angle "A", was analyzed to calculate the given
parameters. The following limits were obtained
according to skull type: Dolichocrania, n=31,
Brachycrania, n=34, Mesocrania, n=35. On average,
the height of the mandibular branch was 5.87+0.3 cm.
To test the hypothesis about the significance of the
limits of branch length between cranial index types, i.e.
whether the zone of crossed values between two series
is small enough, the Mann-Whitney U-criterion
between groups was calculated.

Thus, when comparing mesocrania and
dolichocrania the obtained empirical value of Uamp (0)

was in the zone of significance at p<0.05. However,
when comparing mesocrania and brachycrania the
obtained empirical value of Uamp (2) was in the zone
of insignificance at p<0.05. Comparing dolichocrania
and brachycrania the obtained empirical value of Uamp
(0) was in the zone of significance at p<0.05.

The next landmark was chosen as the distance
between points I, which corresponds to the lower edge
of the orbit, and more precisely to the suture between
the maxillary oculomandibular process and the
zygomatic bone. Clinically, it can be additionally
determined by the fossa located below the canine fossa
with the suborbital neurovascular bundle, the
compression of which causes hyposthesia and
paresthesia in patients.

On average, the distance from the suture between
the oculomandibular process of the zygomatic bone
and the body of the maxilla to the lower edge of the
mandible was 77.87+9.93 cm. To test the hypothesis
about the significance of length limits between cranial
index types, that is, whether the zone of crossed values
between two rows is small enough, the Mann-Whitney
U-criterion between groups was calculated.

Thus, comparing mesocrania and brachycrania, the
obtained empirical value of UEmp (0) was within the
zone of significance at p<0.05. Comparing
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dolichocrania and brachycrania, the obtained empirical
value of UEmp (0) was within the zone of significance
at p<0.05. Evaluating mesocrania and brachycrania the
obtained empirical value of Uemp (0) was in the zone
of significance at p<0.05. Thus, a persistent statistical
difference between the distance from the suture
between the ocular process of the zygomatic bone and
the body of the upper jaw to the lower edge of the lower
jaw is determined. This index plays an important
clinical role in calculating the danger and safety zones
for injection and in performing operations in the
maxillofacial region.

To create a target, point coinciding with the
projection of the mandibular foramen and the
neurovascular bundle of the same name, a line was
drawn through the mid-length of the mandibular
branch along the A-C length from point R to the Pm
(protuberantio mentalis). Clinically, this line is
projected onto the skin and runs obliquely along the
body of the mandible. Averaged, the distance from the
mid-length of the mandibular branch to the chin
eminence was 106.21+10.26 cm. To test the hypothesis
about the significance of length limits between cranial
index types, that is, whether the zone of crossing values
between two rows is small enough, the Mann-Whitney
U-criterion was calculated between the groups.

When comparing the length at all skull shapes, the
obtained empirical value of Uamp (3) was in the zone
of insignificance at p<0.05.

From the measurement results, it can be
concluded that there is a statistical difference between
the extreme forms, dolichocrania and brachycrania,
and between mesocrania and dolichocrania. Clinically,
this has significance in the search for permanent
landmarks. According to the results obtained, the
mental artery was located immediately anteriorly at the
intersection of the perpendicular 1-M and the horizontal
R-Pm (Fig.2) As seen in the dissection, the volume of
subcutaneous fat in the study area can significantly
complicate the palpatory method of determining the
artery, especially in conditions of maxillofacial trauma.

Nevertheless, there is still an obvious relevance of
a quick and accurate search for the projection of the
main neurovascular bundles in the clinic of

maxillofacial trauma. Thus, edema, muscle traction,
features of posttraumatic deformity - all this can slow
down the necessary search and reduce the quality of
pre- and clinical stages of treatment and rehabilitation
measures. Studies show the importance of proper
positioning in facial interventions.?

Manson's point is known, which can be determined
quite easily when it is necessary to search for the
projection of the facial artery,™® but no such tactics have
been developed before for the mental neurovascular
bundle.

We have obtained a coordinate system that can be
projected both on the patient's facial skin and on the CT
data. Clear positioning of the chin neurovascular
bundle will allow to perform both diagnostic, for
example, the study of blood flow velocity of vessels
during ultrasound examination in acute trauma, in
persons with increased body mass index, and
treatment, for example, nerve blockade, manipulations
with greater accuracy and safety for the patient.
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Pe3ome

AnaTomust 1 MOP(OJIOTHS PACTIONOKESHUSA MOJAOOPOTOYHOTO COCYIUCTO-HEPBHOTO MyYKa 3HAYUTEILHO BapbUPYET
Cpemd TOMyJSIUA ¥ BO MHOTOM 3aBUCHT OT MHOTHX (PaKTOPOB, TAKMX KakK IMPOIECC Pa3BHTHS, a TAaKKE OT
COMYTCTBYIOIINX M TMEpEeHECEHHBIX 3a00eBaHuil. B CBA3M ¢ MOTPEOHOCTHIO MPAKTHYECKOTO 3APABOOXPAHCHUS B
IKCIIPECC METO/IaX MOMCKa OCHOBHBIX MPOCKIINI COCYIMCTO-HEPBHBIX MYYKOB M aCCOIMHUPOBAHHBIX OTBEPCTHI OBLIO
poBeeHO MOP(O-aHATUTHYECKOE MOICITHPOBAHKE CITOCO0A MTOMCKA MPOSKIMHU TTOA00POI0OYHOTO OTBEPCTHS Ha KOXKY
HwkHeit gemoctu. ITo 3ampocy Bpauelt Y3U-IHArHOCTHKU M YETIOCTHO-THIIEBBIX XHPYProB ObLIA TPEANPHHATA
MOMbBITKA pacyeTa YHUGDHUIUPOBAHHOW TOYKH IMPOCKIUH IMOJ0O0POAOYHOIO COCYAMCTO-HEPBHOTO IMydYKa, Kak
OpPHUEHTHPA JUISl UCCIICIOBAHUI U OIEHKU 3P (PEKTUBHOCTH JISYSOHOTO MPOIECCEe MepeioMa HIDKHEH YETFOCTH.

MBI MOIYYHITA CHCTEMY KOOPANHAT, KOTOPYIO MOKHO HMPOCIMPOBATh KaK Ha KOXY JIMIIA MMAI[MEHTa, TaK ¥ Ha JaHHbIC
KT. YeTkoe pacroiokeHne COCYAUCTO-HEPBHOTO MydYKa MOAOOPOJIKA IMO3BOJHUT MPOBOJUTH KaK ITHATHOCTHKY,
HaTIpUMep, UCCIIETOBAHNE CKOPOCTH KPOBOTOKA COCY/IOB IIPH YIBTPa3BYKOBOM HCCIIEIOBAHUY MIPU OCTPOH TpaBMe, y
JIMII C TIOBBINICHHBIM MHIEKCOM MAaCChl TeJIa, TaK U JCUCHHE, HApuMep, 0JI0Kaay HEPBOB, MAHUITYJISIIUH C OOJIbIICH
TOYHOCTBIO M 0€30ITaCHOCTRIO TS TAINEHTA.
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