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Abstract

This study examined the peculiarities of anatomy, blood supply, and innervation of the bone
of mental region and the surrounding soft tissues, together with the development of chin in
phylogenesis and ontogenesis. In addition, a comparative anatomical study of the innerva-
tion and blood supply of the bone and surrounding soft tissues in humans and animals was
conducted.

The conclusions of this research are as follows: the chin itself should be considered as a
small area of bone with a triangular shape at the frontal part of the mandible. Its occurrence
in humans can be attributed to an upright posture. During the formation of the foetus, this
bone is formed from the separate centres of ossification, and for a long time period, it is
presented separately from the mandible. The innervation and blood supply of the chin’s
protrusion are provided primarily by the sublingual arteries and nerves, which have special
foramina on the lingual surface of the mandible. Knowledge of these peculiarities is neces-
sary during the performance of local anaesthesia, implant placement, genioplasty, and in
the treatment of fractures of the mental region of the mandible.

Key words
mandible, chin, sublingual artery,
sublingual nerve

Kljucne reci
donja vilica, brada, podjezi¢na arterija,
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INTRODUCTION fixation of intraoral distractors and the subsequent transver-
sal expansion of the mandible (),

Mandibular mental fractures healing peculiarities were
specified by Rauer (6), Habal and Ariyan (7), and Malyshev
and Kabakov (8). However, the anatomy of this area has not
been sufficiently studied, therefore difficulties in the inves-
tigation of the innervation and blood supply are frequent.
They are related to the limited anatomical access for the
study of the terminal vessels, nerves and bone connections
in the midline.

The aim of this paper was to study the peculiarities of the

Maxillofacial surgeons are increasingly interested in the
anatomy of mandibular mental region nowadays. The range
of possible operations in the chin area is pretty wide, and
many periodontal surgical manipulations with different
vestibular accesses in this area are developed. Labial inci-
sions in the area of the anterior part of the mandible are used
also for genioplasty (1) and for the performance of intraoral
transmental suction lipectomy (@). Bone blocks from the
mental area are used as grafts for alveolar bone augmenta-

tion in the frontal part of the maxilla @), and corticocancel- anatomy, blood supply, and innervation of the chin bone and
lous autografts from the chin are used to graft alveolar clefts . surrounding soft tissues, along with the development of
). This area of the mandible is also one of the sites for the the chin in phylogenesis and ontogenesis. This study also
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sought to determine the usefulness of these data for oral sur-

| geons by conducting a comparative anatomical study of the

by innervationrand blood supply of the bone and surrounding
soft tissues in humans and animals.

MATERIALS AND METHODS

A topographic-anatomical study of the mental area was
performed at the Department of Anatomy, Bukovina State
Medical University and the Department of Anatomy,
‘ Vinnitsa National Medical University, named after N. L
Pirogov (Ukraine). Anatomical specimens of four aborted
fetuses after 10-14 weeks of development (approximately
2.5-3.5 months), six aborted fetuses after 24-26 weeks of
development (approximately 6-6.6 months), and 4 dead
new-borns born on time (in total 14 cadavers) were investi-

; gated to study the development of the “proper chin area.”
| To study the blood supply and innervation of this area,
i the sublingual areas and the bone of the front portion of the
mandible of 8 human' cadavers were dissected. Computed
tomograms of 23 patients were studied to determine the
extraosseous nutritional foramina on the lingual surface of
the mandible. To specify the innervation zones on the skin of
the chin area and the lower lip, 7 patients received an inferi-
or alveolar nerve block, and 12 patients received an inferior
alveolar nerve block together with a mylohyoid nerve block, ,
according to the methods of Clark et al. (), ' 5
The dissection of 6 pig heads and 5 calf heads was per-  Figure 2. “The proper chin bone” in a 6-month-old foetus con-
formed for the comparative anatomical study of the direc- nected to the body of the mandible. :
tions of the vessels and nerves in animals and humans.

RESULTS
Development of the chin

Figure 1. “The proper chin bone” in a 3-month-old foetus.

We assume that the appearance of the chin in humans
could be the result of the human upright posture. This con-
i figuration is most likely necessary for the fixation of the

genioglossal, geniohyoid and digastric muscles, which are
also fixed to the hyoid bone and are used to support the
entire pharynx-laryngeal complex. A lower position of the
larynx and pharynx, which facilitates speech formation in
humans, requires a more stable and strong fixation to the

chin. ; 7 o ,
Evo!utlonarlly, th‘e prOpeL Chn_] should rcfel: to the Figure 3. “The proper chin bone" from a 6-month-old foetus. The

small triangular area in the front region of the mandible, not chin bone is easily separated from the mandible.

the area between the mental foramina, as it is considered tra-

ditionally.

During the dissection of the mandibles of 3-month and 6-
month foetuses, a triangular area of bone with sloping sides
on the vestibular surface, with no bony connection to the
body of the mandible and easily separated from it, was iden-
tified (Figures 1, 2, 3). During the dissection of mandibles of
new-borns, the freely lying “chin bone” was not found, but

r its contours together with an initial fibrous fusion to the
body of the mandible were clearly defined. This “proper
chin bone” was easily separated with a rasp strictly on the
line of junction with the body of the jaw. In a new-born, the
two parts of the mandible are fused with fibrous tissue, and
the fusion is not linear but appears as an inverted “Y”, as the
site of the future chin protrusion is not fully connected to the
body of the jaw (Figure 4).
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Figure 5. The branches of the sublingual
arteries that enter the bone of the chin
Jfrom the lingual side through the corre-
sponding openings.

P —

Blood supply

We also investigated the terminal branches of the sublin-
gual artery. The study of the anatomical specimens of human
cadavers showed that the sublingual artery bifurcates at the
level of the canines; the two branches enter the superior and
inferior foramina on the lingual surface of the mental area
(Figure 5). Superior and inferior lingual foramina with the

1 appropriate channels were also clearly seen on the comput-

- ed tomograms of the mandible (Figure 6).

. Animals lack the chin, therefore we assume that their

i‘ sublingual arteries do not enter the bone from the lingual

: side. After the dissection of the soft tissues in the mouth
floor of the calves and pigs, it was found that the branches
of sublingual artery submerge under the mandible and sup-
ply the tissues of the mouth floor, the lower lip and the fib-
rous space between the two parts of the mandible (Figure 7).
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Figure 6. Superior and inferior lingual
foramina and canals on computed tomog-
raphy images.
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‘ Figure 7. Branches of the sublingual arteries
of a calf; note how they plunge under the
mandible.

Comparing the areas of different nerve blocks revealed
the following: after the inferior alveolar nerve block, most
patients experienced anaesthesia of the chin tissues that was
significantly less than that of the corresponding half of the
lower lip. After the additional mylohyoid nerve block, the
numbness of the skin around the chin increased (Figure 9).

During the dissection of the sublingual and submandibu-
lar areas in animals, we found that mylohyoid nerves sub-
merge under the mandible (Figure 10) and innervate the tis-
sue of the sensitive “pad” and sensory tactile hair on the skin
in the area of the frontal part of the mandible (Figure 11 a,
b). This area enables the animals to sense the ground and
plants, and in humans it presents as an oval area of innerva-
tion on the skin of the chin. The zone of mylohyoid nerve
innervation on the skin of the chin is most likely a formation
derived from animals that has lost its original purpose (invo-
lution of innervation with parallel evolution of the chin).

Figure 8. The incisive branch of the mental
nerve approaches the teeth above the ,,proper
chin.” '

Innervation

Dissection also revealed the structure of the ,,incisive
canal” of the mandible, which is a continuation of the
mandibular canal. Removal of the cortical bone beginning
from the mental foramen to the midline of the mandible
revealed that the intraosseous portion of the mental nerve
descends from the mental foramen; it is then directed
upwards and goes around the ,,proper chin region,” heading
for the anterior teeth of the mandible (Figure 8). This course
suggests the possibility of different methods of develop-
‘ment in the mandibular body and chin.

the chin skin after the inferior alveo-
lar and mylohyoid nerve blocks.

Figure 9. The zone of numbness of  Figure 10. The mylohyoid nerve and sublin-

gual branch of the lingual nerve in the bot-
tom of an animal s mouth.

Figure 11 a, b. Sensitive “pad” with sensory tactile hair in a calf.
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DISCUSSION
Development of the chin

The chin is a relatively new evolutionary formation. The
presence of a chin protuberance — a thickening along the
lower edge of the mandible — belongs to humans only. All
animals, including Neanderthals, the immediate predeces-
sors of humans, did not have such a structure in the mandible
(10), However, the Cro-Magnons possessed all the features of
modern humans, including a prominent chin (I1). Various
causes of the chin appearance in humans, including the
reduction and straightening of the alveolar process, the
unequal growth of the alveolar and basal portions of the
mandible during changes in the dentition, the divergence of
the mandibular ramuses resulting in the need to strengthen
the frontal component, and the appearance of speech, as well
as the others (10) have been discussed. However, in our opin-
jon, the formation of the chin is primarily associated with the

appearance of an upright posture, speech, and the necessity

for a stronger fixation of the mento-hyoid-pharyngx-laryn-
geal complex.

Also, there are peculiarities of the formation and ossifi-
cation of the chin. In the embryonic period, this part of the
mandible consists of small chin bones, which are specific for
humans only. They appear at the end of the embryonic peri-
od (7-8 weeks) in the symphysis and then fuse with each
other and with the body of the mandible (19). The fusion of
these bones begins at 3 months of foetal life and ends at the
age of 2 years (1), In an adult human, the crest of the sym-
physis in the midline passes into the triangular chin eleva-
tion, which is characteristic of modem humans (13), The
genial tubercles exist on the sides of the vertical symphysis
crest (14),

Data on the involvement of Meckel’s cartilage in the
development of different parts of the mandible are contro-
versial. It is well known that the mandible develops from
several ossification points in the membrane adjacent to
Meckel’s cartilage (1), They are the cartilaginous basis for
the formation of the mandibular arch, although, according to
some authors, Meckel’s cartilages themselves are not direct-
ly involved in the formation of the mandibular bone (16), or
are involved in the formation of only its posterior parts as,
17). Other authors are of the opinion that endochondral bone
formation occurs in the area of the midline, which means
that this part of the mandible is the primary jaw that devel-
ops from Meckel’s cartilage (13). The germs of Meckel’s car-
tilages can be identified at the end of the 5th week of
embryogenesis (19, and the formation of the mandible
begins on the cartilages after approximately 8-9 weeks of
foetal development (20, During foetal development, the
mandible becomes bony, but its development is not yet com-
plete. The two halves begin to grow together at the 3rd
month and fuse until the 214 year of life into the unpaired
bone, keeping the mark of fusion in the midline @Y, During
the examination of the juncture, the mandibular plates were
observed to touch at the level of the alveolus, and when clos-
er to the base of the mandible, they diverge 1-4 mm.
Between the borders of the mandibular components, there is
a triangular fissure (22), In our study of foetal anatomical
specimens, it was found that the triangular fissure on the
junction of the mandibular halves is covered by the “proper

chin bone.” The younger the age of the foetus, the less this

‘bone is connected to the bone of the mandibular body, and at

10-12 weeks of development, it lies freely in the soft tissues
of the chin area. Previous researchers likely removed it unin-
tentionally together with the soft tissues and did not identify
it on the mandible specimens. That bone could be compared
and referred to the so-called sutural bones, which may be
permanent or non-permanent (23), Such wedge-shaped sutur-
al bones of the skull are also called intercalary or Wormian
bones, and as a rule, they are located symmetrically (4).
Thus, the chin has its own special process of ossification -
the separate zone located between the two halves of the
mandible develops irrespective of Meckel’s cartilage, while
the mandibular body and the alveolar portion are formed
from its membrane.

Blood supply of the chin area

The blood supply of the mandible and surrounding soft
tissues has been well studied. However, the data on both the
anatomical peculiarities and the sources of the blood supply
of the chin are incomplete. It is known that there is a system
of extra- and intraosseous blood circulation of mandible, and
except the inferior alveolar artery, there are also 7 small
extraosseous vessels that supply the mandible, mainly from
the lingual side (4). The lingual artery was mentioned as a
source of blood supply for the lower margin and the internal
plate of the chin, although this artery itself is unlikely to
reach the centre of the chin.

Reports of significant bleeding during operations in this
area indicate the presence of large blood vessels located on
the lingual side of the mandible 25 26, 27), Krenkel et al.
describe 6 cases of excessive bleeding during the placement
of implants in the anterior mandible and consider the
branches of the sublingual artery to be the source of the
bleeding. According to these data, as well as the reference of
Tsusaki ©@9), the sublingual artery has a large terminal
branch, which is divided into several branches: the ascend-
ing medial and lateral and the descending superior and infe-
rior sublingual arteries. These arteries enter the mandibular
bone on the lingual side through the corresponding open-
ings.

As for the nutritional foramina for the named vessels, we
did not find the requisite information in anatomy textbooks.
Studies in Ukraine and Russia have published data about
additional nutritional foramina in the mandibular ramuses
(29,30), but not in the chin.

Some studies describe the foramina on the lingual sur-
face of the mandible with no specific anatomical names, and
the different authors named them in different ways.

McDonnel et al. 31 investigated dry specimens of
mandibles and found lingual foramina in 99.04 % of cases.
Only the single foramina in the midline above or on the
genial tubercle were taken into account. On wet specimens,
one artery entered the lingual foramen, but it was an anasto-
mosis of the arteries of the right and left side (an unusual
phenomenon - the anastomosis in one median vessel) and
not a neurovascular bundle. The radiographs revealed the
presence of the foramen in 49 % of patients. It appeared as
a rounded portion of radiolucency, surrounded on the periph-
ery with a radiopaque area, not associated with the roots of
the central incisors. Radiopacity was considered to indicate




the“genial tubercles or the cortical wall of the canal. On the
radiographs, the lingual foramen could be seen only when
the beam was parallel to the canal, and if the orientation of
the beam was changed horizontally or vertically, the fora-
men was not visible (31). Panoramic radiographs also provid-
ed little information because of the overlay of the cervical
vertebrae in the area of the foramen (32),

According to Vasconsellos et al. 33), vessels and some-

times small nerves enter the mandibular lingual bone
through the foramen. The authors identified 1-3 foramina.
Most often, one canal was found, rarely a canal with a bifur-
cation 33). Nagar et al. 34) considered the single foramina in
the midline above the genial tubercle. The foramen in the
midline was found in 72.45 % of the mandibular specimens,
and in 55.5 % of cadavers, it included a thin artery - the
branch of the left sublingual artery that also provided a
branch to the alveolar part. In 5.98 % of cases, the foramen
was located below the genial tubercle; in 1.6 %, on the right
or the left side of it; and in 10 %, it was not in the area of the
tubercle (34), The foramina may include nerve fibres that are
necessary for the additional innervation of the anterior teeth
(3). Wire 0.2 - 1.8 mm in diameter was used to determine
the diameter of the foramina. The diameter of the lingual
foramina reached 0.4-1.6 mm, and 32 % of the foramina
were located between the anterior teeth. In 98 % of cases,
they were located symmetrically between the medial and lat-
eral incisors, and in other cases, one foramen was present in
the midline, or 3-4 foramina were found; they were also
localised between the lateral incisors and canines (35), Singh
et al. 36) grouped all the foramina related to the mental
spines into three groups: supraspinous, interspinous and
infraspinous. The supraspinous foramen was the largest and
the most frequent, present in 88.08 % of cases. In our
anatomical studies, we also identified the branches of the
sublingual arteries that entered the chin.
Computed tomography can be used for the effective
detection of the lingual foramina on the mandible 32), The
authors found lingual foramina in 100 % of cases during
computed tomography analysis for implant placement in the
anterior portion of the mandible. One to four foramina and
canals with clear radiopaque walls were observed. The
canals’ diameter reached 0.52 to 1.74 mm. The depth of the
canals’ disposition and direction were different. The arteries
entering the canal were the branches of the sublingual or
submental arteries 32). Dental 3D cone beam computed
tomography allows the examiner to determine the different
structures of the mandibular symphysis: the incisive canal,
the lingual canal, the foramina for the submental and mylo-
hyoid arteries, and a bifurcated mental foramen (37). The
computed tomograms of our study also revealed clearly vis-
ible channels.

Innervations of the chin area and the
surrounding soft tissues

It is important to consider the location of the nerve struc-
tures in the region for successful surgery in the frontal part
of the mandible and the surrounding soft tissues.

The mental nerve has extra osseous and intraosseous
portions; the latter starts from the mental foramen and con-
tinues to the mandible syphilis. The intraosseous portion of
e nerve lies inside the incisive channel, which brings ves-
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sels and nerves to the roots of the lower incisors and passe
around the ,,proper chin bone,” but does not penetrate it.
We found a peculiarity of the soft tissues innervation o
the chin with the mylohyoid nerve and the sublingual branc]
of the lingual nerve. The mylohyoid nerve is considered b
most authors to be a motor nerve, but like any motor nerve
it can also carry sensory innervation. The mylohyoid nerv:
carries sensation from the skin of the chin, anterior mandibu
lar teeth and medial portions of submandibular triangle (38
39, 40). Some mandibular foramina are closely associate
with the mylohyoid groove and may be related to the nerve

entry into the mandible for additional sensory innervation o

the mandibular teeth (39), Przystafiska and Bruska (40) iden.
tified the branches of the mylohyoid nerve entering the lin
gual foramen together with the sublingual artery and accom:
panying veins.

CONCLUSIONS

»The proper chin” should refer to a small triangular-
shaped area of the bone in the frontal part of the mandible.
In the embryo, this area consists of small chin bones; in the
foetus, they form a “proper chin”, which exists separately
from the mandible until 7-9 month of foetal life. This feature
is specific for humans. The chin area of the mandible
exhibits its own special method of ossification, development
and blood supply. The innervation and blood supply of the
chin protuberance are provided primarily by the sublingual
arteries and nerves that have special foramina on the lingual
surface of the mandible. In animals, the sublingual artery
and nerve and the mylohyoid nerve supply blood and inner-
vate the sensitive ,,pad” in the submental area, which senses
the ground surface and presents as an oval area of innerva-
tion of the chin skin in humans.

These data should be considered during a variety of
manipulations in the chin area, such as local anaesthesia,
implant placement, and genioplasty. Additionally, the men-
tioned peculiarities may be important in the healing of bones
after the surgery, fractures of the mental area and the forma-
tion of specific planes of fracture.
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Sazetak

Ova studija je istraZivala specifi¢nosti anatomije, vaskularizacije i inervacije kosti u men-
talnoj regiji i okolnim mekim tkivima, kao i razvoj brade tokom filogenetskog i onto-
genetskog razvoja. Pored toga je sprovedena i uporedna anatomska studija inervacije i
snabdevanja krvlju kosti i okolnih mekih tkiva kod ljudi i Zivotinja.

Zaklju&ci ovog istraZivanja su slededi: brada sama po sebi se moZe smatrati malim delom
kosti, trouglastog oblika u prednjem delu donje vilice. Njeno postojanje kod ljudi se moZe
pripisati uspravnom poloZaju. Inervaciju i snabdevanje krvlju obezbeduju pre svega pod-
jezina arterija i %ivac, za koje postoji poseban otvor na povrSini donje vilice okrenute ka
jeziku. Poznavanje ovih specifi¢nosti je neophodno za davanje lokalne anestezije, postav-
ljanja implantata, genioplastici i leSenju preloma u mentalnoj regiji donje vilice.
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