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Abstract

The Branching Patterns and Intraosseous
Course of the Mental Nerve

Hee-Sun Yun D.D.S., M.S.

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Hee-Jin Kim D.D.S., Ph.D.)

The mental nerve (MN) is the terminal branch of ihérior alveolar nerve. This
nerve emerges to the lower face through the mefdedmen, and supplies mouth
corner, lower lip, and mental area. This nerve idnerable to injury during lower
face surgery, dental implant, periapical abscess, arthodontic treatment. Severe pain
and/or loss of sense are noted in patients whoseMN is either entirely or partially
damaged after these surgeries. For preventing thesaplications, it is developed
surgical procedure, but there are few researchesetning topographic anatomy of the
MN. For clarifying the branching pattern and insaeous course of the MN branches,
we investigated topography of the mental nerve lgseattion of 31 hemifaces of
Korean cadavers (male: 19, female: 12, average 69€& years).

According to distribution area, the MN was dividadto angular (A), medial
inferior labial (ILm), lateral inferior labial (ID] and mental branch (M). As the
branching patterns of the four branches of the alenerve, we classified five types.
Type IlI, in which the MN was divided into three bches (A, ILm and M), then the
ILI was separated from the A branch, was the mashrmon case (35.4%). The MN

was classified into loop, straight, and verticalttpas by the shape of the anterior



loop. In 61.5% of the cases, the MN showed the Iqmgitern. The straight and
vertical patterns which do not form loop, were 28.1and 15.4%, respectively. The
average distance of the anterior loop in loop typ&s 1.74mm (0.73mm-2.63mm). In
the mandibular canal, inferior alveolar nerve costgly divided into mental nerve and
dental nerve which supply teeth. In most cases (81% cases), the nerve bundles
composing the A branch located at the superior cdspghereas the nerve bundles of
the IL and M branch were at the middle and inferampect within the mandibular
canal, respectively at the mental foramen region.

These results can help clinicians predict the lopabr extent of paresthesia in the
facial region according to the location and extasit nerve damage during dental

implant installation or genioplasty.

Key words : mental nerve, inferior alveolar neramterior loop
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I. INTRODUCTION

The mental nerve (MN), which is entirely sensory, the terminal branch of the
mandibular nerve, the third division of the trigeadi nerve. This nerve exits the
mandible through the mental foramen, it dividesointhree branches deep to the
depressor anguli oris muscle, and supplies the skid mucous membrane of the
lower lip, the skin of the chin, and the vestibulgingiva of the mandibular incisor
(Woodburne 1994, Standring et al. 2005, Moore 2006)

The MN is vulnerable to the surgical procedures tbe chin area such as
genioplasty and mandibular anterior segmented tsteo (Jadskeldinen et al. 1996,
Westermark et al. 1998, Seo et al. 2005). Likewises MN can be injured during
some dental procedures as dental implant surgemthodontic treatment, and
endodontic treatment (Gilbert and Dickerson 1981rogstad and Omland 1997,
Babbush 1998, Hilu and Zmener, 1999, Di Lenardaalet2000, Morrison et al. 2002,
Willy et al. 2004, Zmener 2004). Also, mental ngaathy may be caused by systemic
diseases and neoplasms (Seeler and Royal 1982,eBainal. 1987, Klokkevold 1989,

Chand et al. 1997, Maillefert et al. 1997). Sevpen and/or sensation disturbance are
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noted in case the MN were entirely or partially daged after such procedure.
Especially, when performing the insertion of deniabplant fixtures, inappropriate

insertion depth or path regardless of the anatoooicsideration may cause damage of
the inferior alveolar nerve and MN. An incidence sdéven to ten percentages, with
permanent sensory disturbance in the lower lipraftental implant insertion in the

mental foramen area, has been reported (Wismeijeal.e1997, Mardinger et al. 2000).

These complications such as loss of lip and chinsaton may result in lip biting,

impaired speech, and diminished salivary retentidbhese deficits have a significant
impact on a patient's activities of daily living @eci and Dellon 1997, Deeb et al.
2000).

Many efforts have been given to preserve the MNindurdental implant surgery
using the nerve repositioning technique of the riofe alveolar nerve, or ridge
augmentation (Smiler 1993, Ousterhout 1996, Shitzali®96, Babbush 1998, Nocini et
al. 1999, Morrison et al. 2002). For the preseoratiof cutaneous sensation, the
knowledge of the precise topography and distributimrea of the MN is important.
However, there have been only few publications eamog the topographic anatomy
of the MN.

The purpose of this study was to clarify the bramghpattern and intraosseous
course of the MN branches, and to determine theiceli relevence of the varied

courses of the MN branches with reference to theosnding anatomical structures.



o. MATERIALS & METHODS

1. Materials

Observations were made on the mental nerve from Hgmifaces (male:19,
female:12) of embalmed Korean cadavers, mean age¢ @2 to 92 age). To study the
precise course of the MN, and the extent to whiclnmervates, the cadavers that had
no history of trauma or any surgical procedures tba chin area of the face were

used.

2. Methods

A. The branching pattern of the mental nerve

After removing the skin overlying the lower facdjet orbicularis oris, depressor
anguli oris and depressor labii inferioris musclesre snipped off to reveal the mental
foramen and the MN and mental vessels which trakeugh it. The MN branches
were dissected carefully and distinguished into #mgular (A, mouth corner region),
medial inferior labial (ILm, medial half of the l®w~ lip), lateral inferior labial (ILI,
lateral half of the lower lip), and mental brancM, ( mental region) according to
distribution area. These nerve branches were fildsinto five types based on their

branching patterns (Fig. 1).

Type | : The MN was divided into A, IL (inferior lgal), and M branches, then
the IL branch was divided into the ILm and ILI bches.

Type Il : The MN was divided into three branches, IAm, and M branch, then
the ILI branches were separated from A branch.

Type 1ll : The MN was divided into three branches, ILm, and M branch, then

ILI branch was separated from A branch.



SN

type | type ll type lll

AN P |

type IV type V

Fig. 1. The branching patterns of the mental bra®sh angular, ILm: medial inferior
labial, ILI: lateral inferior labial, M: mental bnzh).

Type IV : The MN was divided into two branches, AdaM branch, then ILm
and ILI branches were separated from A and M bramebpectively.
Type V : The MN was divided into two branches, ApdaM branch, then IL

branch was separated from A branch and then dividies ILm and ILI branch.

B. The intraosseous course of the mental nerve

After confirming the branching pattern of the MN, part of the buccal cortical
plate of the mandible was removed from the incismrthe retromolar region in order
to expose the inferior alveolar nerve within thendiular canal. After revealing the
entire structure of the mandibular and mental catt&8 morphology of the transitional
part of the inferior alveolar nerve between the dibmar canal and the mental
foramen was classified into loop, straight, andtigalr patterns according to their exit

morphology (Fig. 2). In the cases showing loop @@t the shortest distance between
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loop Straight Vertical

Fig. 2. The pattern of the anterior loop of the takrcanal.

MN

ICN

1A

Fig. 3. Measurement of the shortest distance betwbe anterior margin of the mental
foramen to the anterior limit of the anterior loglIN: mental nerve, ICN: incisive
nerve, IAN: inferior alveolar nerve).

the anterior margin of the mental foramen to thderor limit of the anterior loop
was measured with digital calipers (Model #CD-15GHtutoyo Co. Japan) (Fig. 3).

In order to remove the connective tissue of theveaespecimen, the whole
specimens were immersed within 2M Guadinine-HClusoh for 2 weeks, leaving the
inferior alveolar nerve and MN exposed. All micregkctions were performed under
the surgical microscope (OPICO, Zeiss Co., Germanyjrough the removal of the
epineurium and perineurium of the inferior alveolaerve, the positional and running
aspect of the nerve bundles within the mandibulad anental canal were confirmed

based on the branching patterns of the mental nerve



C. Peparations of the histological sections

To obtain histological sections, coronal sectiomadndible specimens including the
outer cortical, inner trabecular bone and mandibgknal at the mental foramen region
were harvested. Each specimen was postfixed for wzh 4% paraformaldehyde and
then decalcified in 1l decalcification solution f@& weeks. The decalcification solution
was composed of 8N Formic Acid (HCOOH) (SHOWA Cdagpan) and 1N Sodium
Formate (HCOONa) (JUNSEI Co., Japan), which was tdduted with 1 of distilled
water. After decalcification, the specimens wereutrized for 2~3 days in a
neutralization solution prepared from 5g sodiumfagal in 100ml distilled water.

After the decalcification of the specimens, theyraveembedded in paraffin wax.
Cross 5um-thick sections were cut along the mataibganal and mental foramen.
Each section was mounted on glass slides, and theimed with hematoxylin-eosin
and Luxol fast blue. Histological observations wererformed with the aid of a light
microscope, and photographs were taken with a SR®t digital camera (Leica,
DFC300FX, Germany). No distinction was made betwettie male and female
cadavers. All photographs and diagrams in thisclartare of structures viewed from

the left side of the specimen.



. RESULTS

A. The branching pattern of the mental nerve

When the MN exited from the mental foramen, it ded into nerve branches
capable of being classified into four branches gFid, 4). From the 31 dissections,
the branching patterns of the MN were observed a&atkgorized into five types
according to its distribution area and number & trerve branches.

The MN came out through the mental foramen as thregn nerve branches in
type I, I, and 1l (61.2%, 19 cases) and two maerve branches in type IV and V
(38.8%, 12 cases). In the cases of three main nbramches, type I, in which the
MN was divided into A, IL, and M branches, then the was divided into the ILm
and ILI branches, was observed in 22.6% (7 casesh®fspecimen). And type II, in
which the MN was divided into three branches (Amiland M branch), then the ILI
branch were separated from the A branch, was foimd35.4% (11 cases of the
specimen). This pattern was the most observed is s$tudy. Likewise, type lll, in
which the MN was divided into three branches (AmiLand M branch), then ILI
branch was separated from the A branch, was oldeime 3.2% (1 case of the
specimen) (Fig. 4).

When the MN divided into two main nerve branchdscould be categorized into
two types. In these cases, the MN was divided ixt@nd M main branches and then
the ILm and ILI branches were separated from A &mdoranch, respectively in type
IV, and the IL branch was separated from A brancll shen divides into ILm and

ILI branches in type V. Each type was observed $4% (6 cases of the specimen)

(Fig. 4).



Fig. 4. The branching patterns of the mental neaeeording to its distribution area
and number of the nerve branches (A: angular, Iumedial inferior labial, ILI:
lateral inferior labial, M: mental branch).



B. The anterior loop of the mental nerve

The transition between the inferior alveolar neared MN was classified into three
patterns according to the exit morphology of mentahal after the inferior alveolar
nerve was divided into the incisive nerve and théN.M.oop pattern forming the
anterior loop was found in 61.5% (16 cases). Wlgresdraight pattern in which the
mental canal showed a slight curve and opened thirebrough the mental foramen
was observed in 23.1% (6 cases). Vertical patteimsywhich the mental canal bended
perpendicularly to the mental foramen was obseriredl5.4% (4 cases) (Fig. 5). In
the cases of the loop patterns, the average destietween each the anterior margin

of the mental foramen and the anterior loop wagthi (0.73~2.63mm) (Fig. 3).



Vertical

Fig. 5. The transition between the inferior alveoferve and mental nerve.
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C. The intraosseous course of the mental nerve

In every case of the specimens, the inferior aklsealerve within the mandibular
canal completely divided into the mental nerve $yipg the lower lip and mental
region, and the dental nerve innervating the madedibmandibular teeth and its
periodontium (Fig. 6). It was found that the ineesi nerve located lingually and
inferiorly to the MN. Even the incisive nerve wamaler than the MN, it was totally
separated by the surrounding epineurium from thetahenerve (Fig. 7).

In addition, the nerve bundles comprising the neffascicles for every MN
branches were well arranged in the same mannemaudh the microdissections of the
nerve bundle composing the MN within the mandibuland mental canal, the
topography of the nerve bundles was confirmed oa Masis of the positional and
running aspects of the nerve bundles within theyboanal. In most cases (81%, 17
cases), the nerve bundles composing the A branclatdd at the superior aspect,
whereas the nerve bundles of the IL and M branchewa the middle and inferior
aspect within the mandibular canal, respectivelyggF 7, 8a). The nerve bundles of
the IL branch were separated into the independéhtahd ILm bundles, the nerve
bundle of the ILm branch located lingually to thé&l Inerve bundles within the
mandibular canal (81%, 17 cases) (Fig. 8a). On dtieer hand, the ILI nerve bundles
situated lingually to the ILm nerve bundles weraufd in 4 cases of the specimens
(19%) (Fig. 8b).

The nerve bundles composing the MN branches wemanged in the same
positional order until they came out through thentak foramen. When the MN exited
through the mental foramen, the nerve bundles & tbm branch located in the
deeper layer, and the rest of three branches weratdd in the superficial layer. The
three superficial nerve branches of the MN wereargged with the M, ILI, and A

branch from the anterior to the posterior aspedg.(Ba).

_‘I‘I_



Fig. 6. A photograph showing the exposed inferibvealar nerve (IAN), mental
nerve (MN), and incisive nerve (ICN) at the mentatamen region. It is shown that
the ICN located lingually and inferiorly to the MN.

_12_



Fig. 7. Light micrographs of cross section of theandiible showing the nerve
bundles composing the mental nerve (MN) and ineisiverve (ICN). The ICN is
totally separated from the surrounding epineuriuh tke MN. The nerve bundles
composing the angular (A) branch located at theesap aspect, whereas the nerve
bundles of the inferior labial (IL) and mental (Myranch were at the middle and
inferior aspect within the mandibular canal, respety. The nerve bundles of the IL
branch were separated into independent laterakianfdabial (ILI) and medial inferior
labial (ILm) bundles, and the nerve bundle of thenlbranch located lingually to the
ILI nerve bundles within the mandibular canal (M. buccal aspect, L: lingual
aspect, IAA: inferior alveolar artery, IAV: infenicalveolar vein.

_13_



Fig. 8. Photographs and schematic drawings showlireg arrangement of the nerve
bundles composing the mental nerve branches (Aulandranch, ILm: medial inferior
labial branch, ILI: lateral inferior labial branchi: mental branch, ICN: incisive
nerve).

_14_



IV. DISCUSSION

In this study, the branching patterns of the MN eaverlassified on the basis of
four terminal branches (M, ILm, ILI, and A branchjhd their distribution area. Alsaad
et al. (2003) categorized the MN as the verticdlliqne, and horizontal branch, and
they classified them into three types of branchpejtern. Compared with their study,
the vertical branch is designated as A branch, dbkque branch as IL branch, and
the horizontal branch as M branch in the preseadyst respectively. Also, according
to the classification of the MN by Alsaad et al @3}, the first and third types of the
MN were based on the nerve divisions into two bhasc(vertical and horizontal), and
the second types were based on the three nervehbrdimisions (vertical, oblique, and
horizontal branch). First and third type were fouimd 44.4%, and the second was in
55.6% of the cases.

In the classification of the present study, typelll, and Ill of the MN were
classified based on the nerve division as threendhes (61.2%), and type IV and V
as two branches (38.8%). Even though more caseweshdhat the MN divided into
three nerve branches in both studies, there is swrapancy in the aspect of the
frequency of occurrence because of the insufficieminber of the materials. Alantar et
al. (2000) reported that the IL branches were foundrun on the orbicularis oris
muscle fibers in an oblique direction, and that tlerve divided into two IL branches.
In the same way as the present study, it was destrihat the IL branch divided
into two separate branches (ILm and ILI branch)er€fore, it was thought that four
nerve branches (A, ILm, ILI, and M branch) were eqpertinent in classifying the
mental nerve branching instead of three nerve I@ndA, IL, M branch).

There have been many studies on the intraosseoussecaf the inferior alveolar
nerve (Olivier 1928, Carter and Keen 1971, Gowgi®92, Wadu et al. 1997, De

Andrade at al. 2001, Hwang et al. 2005). Howeveostmof the studies only focused
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on the relationship between the incisive nerve #ma MN or the location of the MN
within the mandibular canal. The studies on theatie? location of the each branch of
the mental nerve inside the mandibular canal are. ra

The relative location of each nerve bundle of théN Nbranches is important in
order to estimate the region and extent of the logssensation when the inferior
alveolar nerve is partially damaged within the makhr canal. In most cases, it was
shown the uniform arrangement of the nerve bundigsich compose the MN
branches. Within the mandibular canal, the nervedlm composing A and M branch
always located at the superior and inferior aspeegpectively. Whereas, nerve bundles
composing IL branch located in the middle of thendibular canal in every case of
the specimens. However, in 81% of the cases, Iulvenébundles located buccally to
the ILm nerve bundles within the mandibular canal (cases), and the other cases
were shown that the nerve bundles composing the lboated in the buccal part of
the mandibular canal (19%, 4 cases). Furthermdneset arrangements of the nerve
bundles for each MN branch was maintained untilséh@erve branches approached to
the mental foramen. Also, at the deepest regionth# lingual aspect within the
mandibular canal, the dental nerve branch was ngnniThese results can explain in
predicting the exact region and extent of the lofssensation after the nerve damages
from various surgical procedures.

This relation is maintained while they bend to go nental foramen, and when it
exits the mental foramen, there is M, ILI, and Aarfch in order, from anterior to
posterior, and the ILm branch is located at the pdéayer. Therefore, when the
superior part of the mandibular canal is damagedngudental implant surgery at the
posterior area to the mental foramen, there cowdldst sensation at the mouth angle
and the lateral region of the lower lip, but noe tmedial region of the lower lip and
mental region.

Within the mandibular canal, the dental nerve ahd MN organizing the inferior

alveolar nerve were easily distinguished. Chavemélp et al. (1996) demonstrated that
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since bony canals develop around nerve paths, # assumed that the canal pattern
in early prenatal developmental stages could reftbe pattern of innervation of the
dentition. Also, they suggested that the dentalnditas may be innervated by the
first-developed as well as by the second-developedve branch. Based on their
results, it could be thought that the dental neawel the MN are covered by different
perineurium, and run independently from each othecause they are distributed at a
different region and develop at a different stage.

Topographic anatomy of the anterior loop of the M& very important during
surgery of the mental region. Mardinger et al. (0@escribed that 3mm of safety
margin from the mental foramen is necessary becdlselength of the anterior loop
is 0.4~2.19mm. Many other studies agreed with them3safety margin (Nishioka et
al. 1988, Ritter et al. 1992 Wismeijer et al. 199'However, Kuzmanovic et al
.(2003) mentioned that 4mm of safety margin is aeagy because the length of the
anterior loop is up to 3.31mm. Babbush (1998) regubrthat 6mm of safety margin is
necessary because the length of the anterior Isopipi to 5mm. On the other hand,
Rosenquist (1996) and Bavitz et al. (1993) reporthdt the anterior loop seldom
developed and that 1mm safety margin is enoughthis study, the average length of
the anterior loop was 1.74mm(0.73~2.63) and 3mnetgamargin will be necessary to
avoid the damage of the MN.

There were also many reports on the shape of theri@nloop. Rosenquist (1996)
classified the anterior loop of the mental nerven i8 types. Among them, only 25.9%
formed the loop, and there were no loops formedmiost cases. Vertical and straight
type which did not form any loop were found in 508d 24.1%. On the other hand,
Babbush (1998) categorized the anterior loop imtopltype (59.4%) and non-loop type
(40.5%) using the silmilar categorization as Soddral. (1994). In this study, 61.5%
were loop type, similar to the results of Babbud®98), and 23.1% were straight
type and 15.4% were vertical type. Therefore, theeror loop should always be

considered during surgery of the mental region.
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These results provide an useful information for tamécal description and clinical
application at the area where the inferior alveoterve transits to the MN. Also,
these results can give the crucial data to theic@ins to predict the location or extent
of paresthesia in the facial region followed by therve damage during dental implant

installation and genioplasty.
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V. CONCLUSION

The mental nerve (MN), which is the terminal branohthe mandibular nerve, is
distributed to the skin and mucous membrane of ldwer lip, and the skin of the
chin. The mental nerve branch were classified iatmular (A), medial inferior labial
(ILm), lateral inferior labial (ILI), and mental &nch (M) according to distribution
area. These nerve branches were classified inte fijpes based on their branching
patterns. Type IlI, in which the MN was divided intioree branches (A, ILm and M),
then the ILI was separated from the A branch, aecurthe most frequently (35.4%).
In the shape of the anterior loop, the loop patteras the highest as 61.5%. The
straight and vertical patterns which do not formodp were 23.1% and 15.4%,
respectively. The average distance of the anteldmp was 1.74mm. In most cases
(81%, 17 cases), the nerve bundles composing thérahch located at the superior
aspect, whereas the nerve bundles of the IL and r&éhdh were at the middle and
inferior aspect within the mandibular canal, respety. These results can serve as
useful data for anatomical description and clini¢cedatment on the area where the

inferior alveolar nerve transits to the mental merv
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Abstract (in korean)
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HE4174 (mental nerve)2 ol o] £ 417 (inferior alveolar nerve)2] w}z]ut 712
= gE7% (mental foramen)s Aok ofgi <z (lower lip), H¥ (mentum) =
9, ¥z (angle of mouth) 9ol BEst= 7HAE e &5 FAAdold. o
g HEANEE HERAY F&, A dETE F&, AoprgE ¥a ¥ uA
A8 3 2 dB3AE A &S A4S F A, oY ZAE FEFH FolA
ojuf &H Zzholidel vEE 4 ok ol FAES Hr] fs oAy dAH
S2o] agtEo AREHI Tk 2y HEAR Y ol A4 HAEY &
TR 2 71EAHQ R AFEe] BEF AAoH, 4 AAVNAES T
A3t 24T (nerve fascicle)d] XA 2 Fam Az #S A2 A
Fotoh webA, HEAAY Ul s gmad F3S gt fstd, 139
A 312 (3 19%, of: 12Z, o] 69.94)8 Ao R s Rstd gE
273 FAFEEH BAE Rl AAFES wAdFe o 22 24
745 4o

HEANASe Ztzhe]l REAA A wet QueriA, dEorf 4EIA, AHEok g
E7HA, HEIARZ YA, o 47hA 9 Yl Fdel mE 5P es TRen.
HEAZel dmrtA, FFotdEsiA, HEMAZ YA, ThEotd A= 1A
7t QmE kAN A UHE 15380 355% (119)2 714 Zo] #AHUT €&
Aol JuefztA st HErtAZ A, 4F-tEodE AT Jae] rhA o
A dds VAEE 16.1%cA FAH AT, offo] 50l HEANF R P
of HETHoR Y= 99 FH wet e (loop)d, =& (straight)d,
A (vertica) @5 37kA FE= TR dubHow dY dEA de 1
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