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ABSTRACT

An Anatomic and Histologic Study of the Facial Nerve
for Nerve Graft

Hyun-Ho Kwak, M.S.

Department of Dental Science, The Graduate Schoomhsei University

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

This study examined the anatomical relationshipsngl with the variability
of the facial nerve trunk and its branches with eanphasis on the intraparotid
connections between the divisions. And histomorpétoim observations of the
facial nerve branches and fascicles were perforniditro-dissections were
performed on 40 Korean half-heads, and the faciatven trunk and its
branches were exposed. The average depth of themsistoid foramen from
the skin surface was 21.0+3.1 mm, and the distdretveen the stylomastoid
foramen and the bifurcation spot of the temporaflagupper) and cervicofacial
(lower) division was 13.0£2.8 mm. In 35 out of 4@sskctions (87.5%), the
facial nerve trunk was bifurcated into two main isions, the nerve trunk was
divided into a trifurcation pattern in the othevdicases (12.5%). According to
the origin of the buccal branch, the branching guat of the facial nerve
were classified into four categories. In type 1 .5%% of cases), the buccal
branch arose from the two main divisions of thenktubut not from other

branches of the facial nerve. In type Il (18 casés%), the buccal branch



arose from the two main divisions, and was intenemted with the zygomatic
branch. In type Il (12.5% of cases), the margimahndibular branch sent
nerve twigs to the buccal branch, which originafesin the upper and lower
divisions. In type IV (25% of cases), the nervegsvifrom the zygomatic and
the marginal mandibular branches merged to the dubcanch arising from
the two main divisions. Communications between tif@cial and the
auriculotemporal nerve branches, which are known tlas ‘communicating
auriculotemporal nerves’, were observed in 37 ou#4® cases (92.5%). In the
histological observation, the buccal branch had dheatest number of branches
(3.47), however the zygomatic branch had the larghameters (0.93 mm).
The detailed description of the facial nerve anatomand histological
observation in this study will provide useful infeation for surgical
procedures such as a tumor resection, a facialeneegonstruction, autonerve

graft, and a facelift.

Key words: facial nerve, nerve graft, parotid glarglirgical anatomy, nerve

fascicles
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Department of Dental Science,
The Graduate School, Yonsei University

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

. INTRODUCTION

The facial nerve exits the skull base by passinguh the stylomastoid
foramen. It then runs anteriorly within the pareymoes of the parotid gland,
crosses the external carotid artery, and dividde two main divisions at the
posterior border of the ramus of the mandible, gpeu (the temporofacial
division) and a lower division (the cervicofacialividion)'. Each primary
division is further divided into several branches & plexiform arrangement.
They are distributed over the face and the uppet ph the neck, supplying
the superficial muscles in these afea8 plan for locating the facial nerve
trunk as it leaves the stylomastoid foramen is rd@g&defor the preservation of
the nerve when surgery is indicated for the remasfalthe parotid gland and
tumors in the area as well as for the repair ofiragl or severed facial nerve.

The complex anatomical distribution pattern of tfaeial nerve, its critical
role in facial expressions, and the dramatic defiem resulting from a facial

nerve injury have inspired numerous anatomical apdculative studies on the



nervé*®  Previous anatomical studies reflected the sukgiteerests and
limitations by focusing on the topics such as thgpraaches to the nerve
trunk at the stylomastoid foramenthe definition of peripheral landmafksthe
definition of the five distinct branches (temporazygomatic, buccal,
mandibular, and cervicdl) and the approaches to developing a surgical
dissection procedure for exposing the facial n&h/é’

Many studies have examined the branching patternhef facial nerve, but
there is little data regarding the branching patter Asians. Wang et &f. and
Park and Le®& reported the branching patterns of the facial @eramification
in Chinese and Koreans, respectively. However, ethestudies reported
considerably different results with a morphologicalspect. In addition,
anatomical textbooks and articles have rarely meetd the communicating
nerve, which connects the facial and auriculotempoerves

With the development of microsurgery, autogenousvenegrafting is being
used widely in the treatment of injured nerves. Mdegrafting is commonly
used in facial nerve repair, and several sensomtaneous nerves are used as
donor nerves. The potential for success of a ngnadt is generally optimized
when the diameters of the nerve and graft are a&imiwhen fascicular
cross-sections of the nerve and graft are maximefijposed, usually when the
number and size of the fascicles are similar, argerwregenerating fibers are
not diluted within the graft through anastomosisla@st through branching.

This study performed a series of facial nerve disses in order to
examine the facial nerve distribution within andydred the parotid gland in a
microsurgical viewpoint. The purposes of this studye 1) to perform

morphometric measurements upon the facial nervakiri2) to clarify the



significant variations of the facial nerve branachipattern, and 3) to describe
facial nerve morphology, including a microscopicsessment of nerve size and

shape, fascicular number and size.



1. MATERIALS AND METHODS

Fifteen embalmed and 25 fresh hemi-sectioned headireens from Korean
adult cadavers (25 sides from 13 males, 15 sides f@ females; average age
58.6 years) were used in this study. The dissectias performed on all
specimens using a surgical microscope (Carl Zeis®ermany), while
disregarding the left or right side of all specimen

The dissections were performed in an oblique latepasition. After
removing the skin and superficial fascia over ttegofid area and exposing the
parotid gland, the facial nerve branches which tekism the parenchymes of
the parotid gland were ligated using a surgicaurgut And the dissection was
performed from the anterior margin of the parotidng toward the temporal
and mandibular ramus regions of the face. After ftaeial nerve branches
distal to the anterior margin of the parotid glamgre identified, the parotid
gland was carefully removed, and all the branchesewtraced proximally until
the main trunk was reached. A further dissectioocgeded peripherally and
terminated at the facial expression muscles.

This study consisted of three investigations camogr the distribution of the
facial nerve. Two morphometric measurements weregfopeed in the first
investigation. This study measured the depth frdm skin surface to the
facial nerve trunk at the stylomastoid foramen ahd distance between the
facial nerve trunk emerging from the stylomastomramen and its furcation
point (Fig. 1). In the second investigation, thacéiion pattern of the facial
nerve trunk was observed and the distributing pattef the facial nerve

branches was classified based on the origin of bhecal branch. Lastly, the



communicating nerve twigs between the facial andicalotemporal nerves
were identified. All measurements were made usimg digital calipers (model
#CD-15CP; Mitutoyo Co., Japan) that are capablemefasuring to the nearest

0.05 mm, and all the data were presented by theeptrge of cases.

Fig. 1. Diagram of the morphometric measurementsthef facial nerve trunk between
its emergence and furcation at the intraparotich.afe the depth from the skin surface
to the facial nerve trunk at the stylomastoid foeam 2, the distance between the
facial nerve trunk at the stylomastoid foramen ahe furcation point of the facial

nerve trunk.

To obtain histological sections, the ligated paortiof the facial nerve
branches existing from the parotid gland includitng surrounding connective
tissue was harvested. These specimens were pedt-fior 72 hours with 4%
paraformaldehyde and then embedded in paraffin Waansverse 5um-thick
sections were cut along the nerve branches, mountedlass slides, and then
stain with haematoxylin-eosin and Luxol fast bludistological observations

were performed with the aid of a light microscommd photographs were



taken with a Spot RT digital camera (Leica, DFC300FKsermany). 6 items
on the images of the sections were measured usingnage analyzing system
(Image-Prg) Plus, ver. 4.0, Media Cybernetics, USA) after dtad calibration.
The measurement items are as follows: average nurabed diameter of the
ligated portion of the branches, fascicular numksrerage fascicular diameter
and area, and total fascicular area of the middietign of the facial nerve
trunk, upper and lower divisions.

No distinction was made between male and femaleavaad. And all
photographs and diagrams in this article were ofictires viewed from the

right side of the face.



1. RESULTS

1. Morphometric measurements of the facial nerve trunk

The exit of the facial nerve from the skull throute stylomastoid foramen
was observed without exception in all 40 examingoecsnens. At the
stylomastoid foramen, the nerve was bound medialy the styloid process
and laterally by the mastoid tip. The mean mininggpth between the skin
surface and the facial trunk at the stylomastoicafeen was 21.0 £ 3.1 mm
(ranging from 16.9 to 28.8). The mean distance eetwthe emerging point of
the facial nerve trunk from the stylomastoid foramand its furcation point
was 13.0 £ 2.8 mm (ranging from 8.8 to 16.4) (Fiy. Table 1). In all
specimens, the facial nerve trunk at the stylonistoramen could be exposed

without any need for a mastoidectomy.

Table 1. Measurements of the facial nerve trunkhwieferences to the surrounding
anatomical structures.

Iltems of measurement Measurements (n=40)
Skin surface ~ stylomastoid foramen 21.0 £ 3.1
Stylomastoid foramen ~ furcation point 13.0 £ 2.8

Unit: mm, Average * standard deviation



2. Branching patterns of the facia nerve

The facial nerve emerged from the stylomastoid rf@m, which is located
immediately dorsolateral to the base of the stylgiocess. From the
stylomastoid foramen, the facial nerve took a doamtv and ventrolateral
course and plunged into the retromandibular fosdgach was completely filled
with parotid parenchymes. Laterally, the facial veewas covered with tough
fibers of the temporoparotid fascia, which extendesin the tympanomastoid
fissure to the parotid gland and blended with theers of the parotid fascia.

Two main initial trunks of the facial nerve, a nmajand a minor, were
observed in 27.5% of cases. The minor trunk entethd cervicofacial

division, and the cervical branch originated frohere (Fig. 2).

Fig. 2. Two main trunks of the facial nerve (a). eThminor trunk joined the
cervicofacial division, and the cervical branch govated from that division (b). B,
buccal branch; C, cervical branch; M, marginal nibmldr branch; T, temporal branch;
Z, zygomatic branch; arrowheads, minor trunk of fheial nerve.

_8_



The first branch of the facial nerve was the pdateauricular nerve, which
passed postero-superiorly between the parotid gkamdl the sternocleidomastoid
muscle. After giving the posterior auricular nenbeanch, the facial nerve
trunk traveled lateral to the styloid process atdattached muscle, innervating
the posterior belly of the digastric muscle.

In 35 out of 40 cases (87.57%), the facial nervenkr terminated by
bifurcating into two main divisions (Fig. 2a). In &ases (12.5%), the nerve
trunk ended in a trifurcation pattern within therqiad gland (Fig. 2b). The
bifurcation of the nerve trunk took the shape of asymmetric "Y".

In all specimens, the two, sometimes three, mainsidns divided into five
distinct branches known as the temporal, zygomatimccal, marginal
mandibular, and cervical branches. The branchingems of the facial nerve
ramification varied. According to the origin of thduccal branch, the
distribution pattern of the facial nerve branchesaswclassified into four
different types (Fig. 3).

In 17.5% of the cases, the buccal branch arose fifmmtwo main divisions
of the trunk, but not from other branches of theidnerve (type I)(Fig. 4a).
In the most common anatomic pattern, type IlI, whighs noted in 18 cases
(45%), the buccal branch arose from the two maiwisidins, and it was
interconnected with the zygomatic branch. (Fig..4lm) type Ill, which was
observed in 12.5% of cases, the marginal mandibofanch sent nerve twigs
to the buccal branch, which originated from the emp@nd lower divisions
(Fig. 4c). In type IV, which was identified in 25%f cases, the nerve twigs
from the zygomatic and the marginal mandibular bh@s merged to the

buccal branch arising from the two main divisiof&g( 4d).



Fig. 3. Dividing patterns of the main initial trundf the facial nerve. The facial nerve
trunk bifurcated into the temporofacial and cerféoial divisions (a). Trifurcation of
the facial nerve trunk was observed in 12.5% ofesagb). B, buccal branch; C,
cervical branch; M, marginal mandibular branch; fEmporal branch; Z, zygomatic
branch; arrowheads, divisions of the main trunktted facial nerve.

Maginal mandibular

Cervical

| I
17.5% 45% 12.5% 25%

Fig. 4. Four categories of the branching patterfishe facial nerve according to the
origin of the buccal branch.
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Fig. 5. Photographs and diagrams showing the bmagcpatterns of the facial nerve
according to the origin of the buccal branch. Typewhich is a buccal branch

_11_



originating from the upper and lower divisions, weabserved in 17.5% (a), type II,
which is a buccal branch originating from the twoaim divisions and zygomatic
branch, was identified in 45% (b), type Ill, whigd a buccal branch originating from
the two main divisions and marginal mandibular bhanwas in 12.5% (c), and type
IV, which is a buccal branch originating from theot main divisions, zygomatic and
mandibular branches, was identified in 25% of cadd}. The white or black
arrowheads indicate the origins of the buccal WranB, buccal branch; C, cervical
branch; M, marginal mandibular branch; T, tempdsednch; Z, zygomatic branch.

_12_



3. Communicating nerve twigs between the facial and auriculotemporal

nerves

The communications between the facial and aurieaipbral nerves, known
as the ‘communicating auriculotemporal nerves’ (G&), were identified in 37
out of 40 cases (92.5%). The CATNs communicatec ulite branches of the
facial nerve within the parotid gland. The CATNsamched off from the
auriculotemporal nerve near its root and passedrdy to join the facial
nerve posteriorly at the upper division within tparotid gland (Fig. 5). The
number of branches from the CATNs ranged from 2 4toand the most
common pattern was the three-branched CATNs pat{@$7%). A single

branched CATNs pattern was not observed in thiglystu

Fig. 6. Photographs showing the communicating algtemporal nerve branches
(arrowheads) connecting the auriculotemporal newi¢h the facial nerve. posterior
view (a) and dorsolateral view (b). Au, auriculofral nerve; Fa, facial nerve trunk;
Mn, mandibular nerve.

_13_



4. Histological observations of the facial nerve branches

At the border of the parotid gland, the facial merspecimens were found to
have an average of 11 branches (ranging from 8 @ (Table 2). The
branches were distributed among the five distinenbhes, the buccal branch
had the greatest number of branches (3.47), howiheerzygomatic branch had
the largest diameters (0.93 mm). The buccal bramshally consisted of one
or two larger fascicles and one or two much smalbescicles, although there
was some variation in fascicular arrangement. Tingriloution of fiber size
was uneven.

As can be seen in Figure 7 and Table 3, the nunafefascicles varied
from one to 9 over the course of the nerve, thekirbad the greatest number

of fascicles (4.36), and a trend was observed tbwmcrease distally.

Table 2. Histomorphometric observations of the dhgierve branches at the border of
the parotid gland.

Average number Average diameter
Facial nerve of branches (range) (mm)
branches present Lineaweaver™ present Lineaweaver™
study (1997) study (1997)
Temporal 2.7 (1~4) 2 (1~-3) 0.8 0.9
Zygomatic 2.0 (1~9) 3 (1~4) 0.9 0.8
Buccal 3.5 (2~5) 4 (3~7) 0.8 1.4
Mandibular 1.6 (1~3) 2 (1~3) 0.8 0.9
Cervical 1.3 (1~3) 1 (0~4) 0.9 1.0
total 11 (8~16) 12 (9~19)

_14_



Table 3. Fascicular structure and characteristicshe facial nerve.

. Fascicular Average Average Total

Facial nerve . . .
branches number fascicular fascicular fascicular
(range) diameter (mm) area (mm?) area (mm?)
Trunk 4.4 (2~8) 0.8 0.5 2.7 + 0.08
Upper division 3.7 (1~9) 0.9 0.6 19 = 0.07
Lower division 3.6 (1~8) 0.8 0.6 1.0 £ 0.07
Temporal 2.9 (1~6) 0.8 0.4 1.1 + 0.08
Zygomatic 2.9 (1~7) 0.9 0.4 1.3 + 0.06
Buccal 2.6 (1~5) 0.8 0.2 1.1 £ 0.09
Mandibular 2.4 (1~6) 0.8 0.2 0.9 + 0.06
Cervical 3.0 (1~6) 0.9 0.5 1.0 + 0.08

Average = standard deviation

Fig. 7. Photographs showing the histological cresstions of the facial nerve (Luxol
fast blue stain). A, facial nerve trunk; B, uppeiviglon; C, lower division; D,
temporal branch; E, zygomatic branch; F, buccalndéiia G, marginal mandibular
branch; and H, cervical branch.

_15_



V. DISCUSSION

Successful surgery involving the parotid gland w#htumor lesion requires
the identification and preservation of the faciarve along with the complete
removal of the tumor and the surrounding anatomiisgué'*'> This study
presented the various divisions and anastomoticennat of the facial nerve
branches that a surgeon would encounter when remowimors of the parotid
and retromandibular region.

While there are many articles that have carefulgsadibed the segment of
the facial nerve trunk between its emergence fréva stylomastoid foramen
and its furcation point at the parotid at€a the minor trunk of the facial
nerve has rarely been reported. Katz and Catilaeported three cases (3%),
where they observed two main trunks, known as tl@omand minor trunks,
with the minor trunk joining the larger temporofacidivision, which was the
origin of the main buccal branch.

In this study, the minor trunk of the facial nerv&as noted in 11 out of 40
cases (27.5%), and in all cases, the minor truniered the lower division of
the facial nerve, where the cervical branch origida According to Botman
and Jongkeé§ the facial nerve within the mastoid segment oé tiemporal
bone can split into two or three branches, and ea@nch exits through a
separate osseous foramen. This may explain theinoo§ the minor trunk.
Therefore, surgeons must always be careful, eveer aflentifying the main
facial nerve trunk, because a minor trunk may Is® gresent.

Baker and Conléy reported the possibilities of trifurcation, quddrcation

or even a plexiform branching pattern of the fagiakve trunk. Salame et l.

_16_



identified one case of trifurcation out of 46 casasd Park and Lée reported
its prevalence to be 4.4% in Koreans. This studsntified five cases (12.5%)
of trifurcation of the facial nerve trunk insideethparotid gland, but did not
encounter any case of quadrifurcation or a plerifdsranching pattern of the
facial nerve trunk. In the trifurcation cases, tm&dle division originated from
somewhere between the upper and lower divisiond, raade various patterned
anastomoses with the other two main divisions.

The intraparotid and extraparotid course of theafanerve has been studied

extensively with cadaveric dissections®®*?

However, the fixed points,
according to anatomic landmarks, are not always stéime during surgery with
parotid tumors that deviate, obscure, and even hiBvahe main divisions or
the main trunk
Davis et al® dissected 350 cadaveric half-heads with mostlyaparotid

facial nerve findings, and Bernstein and Nielsafissected 35 half-heads with
extraparotid nerve dissections. They classified Branching patterns of the
facial nerve into six main types. However, each hauthad a different
percentage of dissections in each type. Davis éf &laving dissected the
anterior border of the masseter muscles the peaphextent of their
dissection, did not observe a branching patternthef buccal and zygomatic
branches distributed anterior to 2 cm from the rotemargin of the parotid
gland. They reported that the buccal branch ortgohaonly from the
temporofacial division with a prevalence of 20%. tlis study, the dissection
was extended peripherally, and various interconmest between the facial
nerve branches were encountered before they ineerttee facial expression

muscles. In every case, the buccal branch of tkélfanerve originated from

_17_



both the temporofacial and cervicofacial divisiorempd not solely from one
division.

The branching patterns of the facial nerve in thlegidy also varied.
According to the origin of the buccal branch, thacidl nerve branching
pattern could be classified into the four typescohfigurations. In this study,
type Il and IV presented anastomoses between thecabuand zygomatic
branches with a prevalence of 70%. Anastomoses @ntioe buccal, temporal,
and marginal mandibular branches were observed hn type Ill and IV,
which involved 37.5% of cases. In the report of &dS these two patterns
of the anastomoses were observed in 70% and 15%asés, respectively.
Accordingly, the present results indicate that theastomoses between the
buccal and marginal mandibular branches occur nfoequently in Koreans
compared with Caucasian. In addition, Wang et akeported a 60%
prevalence of these anastomoses in Chinese, andolNiand Varanda$
reported a 9% prevalence in Spanish cases.

Communications between the facial and auriculotealpamerves (CATNS)
appear to be common findings (92.5%). Since the K&\ Tare situated within
the parotid gland deep in the branches of the [faceve, it is difficult to
locate them during normal dissection. The presémndysshows that the CATNs
are branches of the auriculotemporal nerve, whigim jthe upper division of
the facial nerve posteriorly at the posterior bordé the masseter muscle. This
study observed that all the CATNs were united witie branches of the
temporofacial division of the facial nerve. In tloerrent study, the number of
CATNs ranged from 2 to 4, and 3 rami as predomin@®7%). In contrast,

Namking et af® reported a range of 1 to 3, and Woodburne and dirk
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suggested 2 rami as a rule. The function of thesmntunications has never
been definitely established, but it is reasonableatsume that they have some
purpose or potential function shared by both nervefrtin and Helspéf
reported that the communications between the bemnadf the trigeminal and
facial nerves included, or were closely associamth the motor end plates.
Consequently, they suggested that following a cetepl and permanent
interruption of the motor pathway through the fhcieerve, voluntary motor
impulses by re-education may find their way frome tlcortex through the
trigeminal nerve to the respective muscles. It &ielved that proprioception is
conveyed via the same cutaneous nerves, which vamerthe skin over the
muscles of the facial expression and from multipemmunications with the
branches of the facial nefveAfter reviewing previous reports and our results,
it is possible that the CATNs convey the propridiep impulses from the
facial expression muscles to the trigeminal nucieithe brainstem.

There are many different suitable potential donogrves such as the
hypoglossdf, accessofy, and massetefit nerves for cross-face nerve grafting
and surdl, great auriculdf, and large cutaneolsnerves for autogenous free
nerve grafting. Micro-anatomical similarity betweehe recipient and donor
nerve is thought to be important in nerve repaid ahis study was carried
out to suggest the basis for the finding the mastabkle donor nerve for a
facial nerve graff. The selection of a donor site for interpositionagrve
grafting is determined by multiple factors, inclagi correlation of the size
between the recipient nerve and the donor, compigtiof neural functions
(sensory, motor, or mixed), relative ease of gmibcurement, and the degree

of associated donor site morbidity Severe mismatching of the fascicular
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number and arrangement between the graft and eatipierve can result in
inadequate axonal regenerafiofl

Quantitative studies on nerve fibers in the humanial nerve revealed a
wide divergence among the total numbers given bijereint researchef$*
Fujii and Gotd" suggested that the aging process of the faciateneroduced
no decrease connected with particular sizes of endibers. It seems reasonable
to conclude that the number of facial nerve fibdecreases slightly with age,
but there is no evidence that the axonal area er dincularity ratio of the
axon decreases with age. With regard to the qadingt studie¥, no
correlation with age was identified in the assesgamef nerve fiber
regeneration in the present study, although, ineemental studi€é® nerve
fiber regeneration was found to be less efficientolder animals.

Interfascicular repair requires that the surgeonittiEnately familiar with the
fascicular anatomy of the facial nerve. Full dgstton of the facial nerve
including its anatomic course and histological gsial confirms the utility of
many nerves as a donor nerve for the facial nervaftigg. And careful
attention to the anatomic and histological survewesented will allow safe

identification and preservation of this importantusture.
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V. CONCLUSION

The following conclusions were obtained from a #&dreand precise

dissection and the histological observation of #ltacadaver half heads:

1. The mean minimal distance between the skin serfand the facial trunk at
the stylomastoid foramen was 21 mm, and the meatardie between the
emerging point of the facial nerve trunk from thiglamastoid foramen and

its furcation point was 13 mm.

2. Two main initial trunks of the facial nerve, aajor and a minor, were

observed in 27.5% of cases.

3. In 35 out of 40 dissections (87.5%), the fadi@irve trunk was bifurcated
into two main divisions, and the nerve trunk wasidfd into a trifurcation

pattern in the other five cases (12.5%).

4. According to the origin of the buccal branche thranching patterns of the
facial nerve could be calcified into six categorida the type Il cases,
which is most common anatomic pattern and was nated8 cases (45%),
the buccal branch arose from the two main divisicasd was interconnected

with zygomatic branch.

5. The communications between the facial and aatemporal nerves was

noted in 37 out of 40 cases (92.5%).
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6. The buccal branch had the greatest number afches (3.47), and however

the zygomatic branch had the largest diameters3 ().

Knowledge of the aforementioned variations in tlaidl anatomy and the
histological analysis should help to protect theidlnerve from surgical injury
and confirm the utility of many nerves as a donerve for the facial nerve

grafting.
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