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ABSTRACT

Topography and branching patterns of the great auricular nerve

Jae-Ho Chung, D.D.S

Department of Dentistry,
The Graduate School, Yonsei University

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

The great auricular nerve (GAN) is the largest aenf the four cervical
cutaneous nerve which encircle the posterior bormferthe sternocleidomastoid
muscle (SCM). It distributes to the facial skin pvhe parotid gland, parotid
gland and the back of the auricle. The GAN is feagly used as a donor
site, due to the easy and the nerve is relativadyge. However, when
parotidectomy, rhytidectomy and platysma flap opera are performed, the
GAN is often sacrificed. Transection of the nervesults in a wooden
numbness of preauricular region, pain and neuroRecently, much effort has
been given to save the GAN in operations of theajaaricle lesion. However,
the exact pathways of GAN as well as its relationstirrounding structure are
still imprecise. Therefore, the purposes of thiseerch provide basic data of
GAN as donor nerve and clear branching pattern @isttibution area of GAN.
Twenty-five embalmed, adult hemifacial Korean camav(16 males, 9 females;
average age 62.5 years) were used in this study.

In all cases, the GAN located behind the extermngular vein. The GAN
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was divided into anterior branch and posterior bhanThe anterior branch
distributed parotid gland and the posterior brandistributed auricle. The
anterior branch is again divided into superficiaarirh which is extended to
skin and deep branch which enters parotid gland. dMssified five types as
the this branching pattern of GAN. Typewhich is described in textbooks as
typical pattern was 20.0% (5/25). Tyjhe in which all branches are divided at
the same point was 24.0% (6/25). Tipein which a deep branch arise from
the posterior branch was 28.0% (7/25). Type in which a superficial branch
arose from the posterior branch was 8.0% (2/25)peTy in which both
anterior and posterior branches run independenths 20.0% (5/25). In all
cases, a connection of GAN and facial nerve trun&s wobserved. In few
cases, a connection with auriculotemporal nerve whserved. A histological
structure of GAN was observed after excising itnfrawo regions (proximal :
a region where GAN appears at the posterior bocdeSCM, distal : a region
where GAN is divided into three branches.). Thealtdascicles area of both
region was decreased as it moves from proximaloregil.42im) to distal
region (0.6@m). The number of fascicles of proximal and distagion was 2.5
and 5, respectively.

In conclusion, these results could would providegreat help in preserving
the GAN during operation of parotid gland regiomdathe GAN would be

good donor site in nerve graft.

Key words: great auricular nerve, parotidectomyrveegraft, facial nerve, nerve

communication
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I. INTRODUCTION

The cervical cutaneous nerves from the cervicakyde emerge through the
superficial cervical fascia as four distinct nen@s the posterior border of the
sternocleidomastoid (SCM) muscle. These cervicdhreous nerves are known
to involve sensation from the antero-lateral cealicskin (Pansky 1992,
Woodburne and Burkel 1994a, Kim et al. 2002, Stimgdret al. 2005, Moore
and Dalley 2006).

The great auricular nerve (GAN) is the largest brarof the four cervical
cutaneous nerve. It also emerges through the gcipértervical fascia on the
posterior border of the SCM, and distributes to thandibular angle, the skin
of parotid gland, parotid gland, the skin of awiclGinsberg and Eicher 2000).

The GAN serves as a good donor nerve because déasily accessible due
to the location beneath the platysma and it has need to perform the
additional surgery during a nerve graft surgicabgadure of the head and neck

region. In addition, due to the relatively largenss section area, the GAN is



frequently used in replacing the facial nerve, iigfie alveolar nerve, and
accessory nerve (Eppley and Snyders 1991, Fisch Lamder 1991, Shultz et
al. 1992, Rayatt et al. 1998, Koshima et al. 20B4dip et al. 2005).

When performing the parotidectomy and rhytidectorthe resected portion is
closely related to distributing area of GAN andsthmeve is often sacrificed
during the surgery. However, after the injury of KpAthe loss of sensation,
pain, Tinel's sign, and neuroma are often encodntbr this reason, there has
been many efforts to preserve the GAN. For the gudion of GAN, the
surgeons have to know the exact courses, surrogindsiructures, and
distributing area (lzquierdo et al. 1991, Moss kt 2000, Biglioli et al. 2002,
Maimone-Baronello et al. 2003, Nusair and Dicken&@®3).

The purposes of the studies were to determine bitmching patterns of
GAN, the topographic relations to the other strreduto provide the critical
data during the surgical procedures. Furthermore, performed this study to

elucidate the histomorphometric characteristicsG#N for the nerve graft.



1. MATERIALS AND METHODS

A total of 25 sides of formalin-fixed necks from #an cadavers (11
bilateral specimens, 3 unilateral specimens) weseduin this study. The
subjects included 16 males and 9 females, with \@rage age was 62.5 years.
To study the precise course of GAN and the extentit® innervation and
communication, cadavers that had no history of nb@uor any surgical
procedures on the face and neck were used.

The dissections were performed in oblique latem@sitpn. After dissection of
the whole dermal layer from the neck to the fadee parotid fascia and the
superficial cervical layer were exposed. Especiahe cervical cutaneous nerves
were carefully dissected, and sketches were dravtin special attention paid to
the course of GAN on the SCM muscle. Along with tbeuse of GAN, the
nerve branches were exposed clearly, and the timsgecwere performed to
identify the fine nerve branches of GAN on the pdrofascia and nerve
branches to the auricle.

On the other hand, after the skin was removed @n ahterior and posterior
aspect, the fine nerve branches from GAN were ifiedt Also, we tried to
find out the distribution area of GAN to the aueidhrough the dissection.

At the parotid region, the parorotid parenchymeseweemoved and further
dissection proceeded. Through the dissection a tieigion, the facial nerve
trunk and its divisions was identified and the fiteeminal nerve branches from
GAN were also exposed. In this investigation, themmunicating nerve twigs

among the nerve branches of GAN, the facial nemeé the nerve branches of



the trigeminal nerve. All the microdissections weperformed under the
surgical microscope (OPMI, Zeiss Co., Germany).

To obtain histological sections, we harvested th#aparotid terminal nerve
branches of GAN including the facial nerve trunlonfr the five specimens.
And the nerve specimens at the emergence spot @rpdisterior border of the
SCM (the promimal region of GAN) and at the regiprior to the furcation
spot of GAN on the SCM (the distal region of GAN)ene obtained for the
hisotomorphometric analysis from the ten dissedpdcimens. These specimens
were postfixed for 72h with 4% paraformaldehyde athbn embedded in
paraffin wax. Transverse 5-um-thick sections wereumted on glass slides, and
then stained with hematoxylin-eosin and Luxol faslue. Histological
observations were performed with the aid of a lighticroscope, and
photographs were taken.

No distinction was made between the male and femedelavers. All
photographs and diagrams in this article are oficaires viewed from the left

side of the specimen.



1. RESULTS

Branching patterns and topographic relationships of the GAN

In all cases of the specimen, the GAN ascended rtbwhe parotid gland
from the posterior border of the SCM. In terms bé ttopographic relationship
with the surrounding structure, GAN was emerge frposterior border of the
SCM and it located behind the external jugular viginevery case.

On the SCM, GAN was divided into the anterior arabstprior branches. The
anterior branch was divided again into the supiaifiand deep branches.

The superficial branch distributed to skin and acef of the parotid gland.
The deep branch was entering the parenchyme ofp#retid gland. With the
references of these nerve branches, we classified Hranching patterns of
GAN into five categories (Fig. 1).

The typel was defined that the nerve is divided into the rmteand
posterior branch, and the anterior branch was dafed into the superficial and
deep branches (Fig. 1A). This category is describedthe most anatomy
textbooks, but it was only observed in 5 caseshef $pecimens (20%).

The typel was observed in 6 cases of the specimens (24%jhisnpattern,
the GAN was trifurcated at the same spot (Fig. 1.Bype III was the cases
that the deep branch originated form the postebi@nch of GAN (Fig. 1C). It
was most frequently observed shown in 7 cases ef specimens (28%).
Whereas, in Typl®, the superficial branch was arisen from the paster

branch of GAN in 2 cases of the specimens (8%).(EID).



Fig. 1. Five branching patterns of the greater calar nerve (GAN). A
anterior branch, P : posterior branch, S : supatfibranch, D : deep branch,
SCM : sternocleidomastoid muscle, EJV : externgular vein



The last category, the Type showed that GAN was running on the SCM
with the separate branches; the anterior and postdsranches, when it
emerged through the superficial cervical fasciag.(FLE). It was found in 5
cases of the specimens (20%).

The distribution areas of the superficial branch @AN were dissected and
examined. These nerve branches were running upvigneh the mandibular
angle and they distributed to the parotid gland ahd skin covering this
region. The superficial branch from GAN was located the superficial fascia
of the parotid gland and ran toward the anteriorgimaof the parotid gland.
The fine terminal nerve twigs of the superficialabhch of GAN were extended

to the surface of the masseter muscle and its &a@d€ig. 2).

Fig. 2. The distribution area of the superficialamech. Arrowheads indicate
superficial branches. P : posterior branch, S :edigial branch, D : deep

branch, GAN : great auricular nerve



On the other hand, a relatively small nerve twigsnf the deep branch of
GAN distributed to the deep layer of parotid glarkhe main branches from
the deep branch of GAN were ascending and runnowgard the auricle and
distributed to the posterior aspect of the auriftey. 3A).

In general, it is known that the deep branch of GAStributed to inferior
part of the ear. However in 20 cases of the spewma this study (80%), it
also supplied in the middle of the posterior aspafcthe auricle (Fig. 3B). In
5 cases of the specimens (20%), the deep nervehmandistributed the middle

and upper portion of the posterior aspect of thecku (Fig. 3C).

Fig. 3. The distribution area of the deep branch gvéat auricular nerve.
Arrow indicates the deep branch. Arrowheads indicatpoint where the deep
branch entered into parotid gland. P : posterioanbh, D : deep branch,

LON : lesser occipital nerve, PAN : posterior aular nerve



Most of the posterior branches were also distritbute the anterior surface
of the ear (Fig. 4). These nerve branches was eliviothto two branches below
the level of the lobule, two nerve branches (sugeif and deep subbranches)
entered the auricle above the otobasion inferiug. (BA). After these nerve
branches entered above the otobasion inferius,stiperficial nerve subbranches
ran horizontally and ascended through groove betwie helix and antihelix
above the ear cartilage. On the other hand, the deeve subbranches divided
into two separate nerve twigs, upper nerve twigemded and distributed to the
inferior 2/3 of the auricle below the ear cartilagehe other lower nerve twig

from the deep nerve subbranches distributed atettrelobule (Fig. 4B).

Fig. 4. The distribution area of the posterior lofan(P) of great auricular
nerve. Arrows indicate the deep nerve subbrancAeowheads indicate the

superficial nerve subbranches.



In this study, we observed the unique findings be terve communication
between the GAN and the facial nerve trunk. In pvease of the specimens,
the deep branch of GAN communicated with facialvaeetrunk (Fig. 5A). In a
rare case, the deep branch of GAN communicated with posterior auricular
nerve, and the anterior branch communicated with dlricular temporal nerve

simultaneously (Fig. 5B).

Fig. 5. The communication between GAN and facialrvee The white
arrowheads indicate the deep branch of the GAN hvhiteets facial nerve
trunk. The black arrowheads indicate the small dnaof the anterior branch
which meet auricular temporal nerve (ATN). The klaarrows indicate the
small branch of the deep branch which meet postexrisicular nerve (PAN).
A black dotted circle indicates point where deepnibh meet ATN. A white
dotted circle indicates point where deep branch tmeAN. A : anterior

branch, D : deep branch, FNT : facial nerve trunk.
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Histomorphometric charateristics of GAN.

Nerve specimens were harvested at the proximal rggmee point on the
posterior border of the SCM) and distal region i@egprior to the furcation
spot into the anterior and posterior branches) calatith the course GAN.

The average fascicular number was 2.5 (1 ~ 4) at gloximal region of
GAN and 5 (2 ~ 8) at the distal region, respecyivdh terms of the total
fascicular area, It was 1.42 mn(0.84 ~ 1.75mrf) at the proximal region of
GAN and 0.6 mrh (0.54 ~ 0.64mf) at the distal region. From the poximal to
the distal aspect along the course of GAN, thel tédacicular number of the
nerve increased, whereas the total fascicular aexmeased (Fig. 6, Table 1).
Therefore, an average fascicle area of proximab7(@nf) and distal region

(0.12mnf) showed a big difference.

Proximal

Fig. 6. Histologic findings of GAN. GAN : great acumlar nerve, LON
lesser occipital nerve, TCN : transverse cervicatva, SCN : supraclavicular

nerve.

_11_



Table 1. The metric value of the histologic findingf GAN

Fascicular number Total fascicular area
_ 5 0.6mnf
Proximal
(2 - 8) (0.54 - 0.64)
_ 25 1.42mnf
Distal
@ -4 (0.84 - 1.75)

_12_



V. DISCUSSION

Details of cervical cutaneous nerves have beertettewith little interest due
to the relative unimportance of clinical applicaso Likewise, a detailed
description of the patterns of the cervical cutarsemerves is not available
either in the literature or in anatomy textbooks.

In this study, we observed that GAN divided intoeth branches (superficial,
deep, and posterior branches) unlike other desmnptin the literatures. The
typical cases that GAN divided into the anteriordaposterior branches in
which described in anatomy textbook (Standring ¢t 2005) were only
observed in 20% of the cases in this study. In reopt the cases that the
deep branch originated form the posterior branchGéfN (Type Ill) were most
observed in 28% of the cases.

Most anatomy textbooks describe that the anterrandh of GAN distributes
the skin overlying the parotid gland, and the pastebranch of the this nerve
distributes the posterior surface of the ear, edoule, skin overlying mastoid
process (Pansky 1992, Woodburne and Burkel 1994andBng et al. 2005,
Moore and Dalley 2006). In other word, the anterioranch of GAN s
defined as the nerve distributing the anterior daagkin in the reference with
the auricle.

In this study, the nerves distributing the anterfiacial skin were divided into
two branches; the superficial and deep branchesveMer, the superficial and
deep branches were originated from GAN in variouaysw (Type | ~ V).

Among these categories, the superficial branch wrgnated from the anterior

_13_



branch of GAN in 10 cases of the specimens (40%).this pattern, it was
observed that the superficial branch was originaieasn the separate anterior
branches on the SCM (Type V, 5 cases). The otheese whe cases that
directly originated from GAN in 15 cases (60%). fdfere, it was not clear of
the distinct division between the anterior and @ost as shown in the
anatomy textbooks (Pansky 1992, Woodburne and Butk®4a, Standring et
al. 2005, Moore and Dalley 2006). This superfidmbnch were supplying the
superficial facial skin above the parotid fascigedor to the auricle.

In terms of the deep branch, a small nerve brarigldatl into two or three
small nerve twigs on the posterior margin of theropd gland and it was
running deep to the parenchyme within the parotmhdy Its branching patterns
were similar to the superficial branch in which was originated from the
anterior branch (10 cases, 40%) and directly frérta GAN (15 cases, 60%),
respectively.

When parotidectomy and rhytidectomy were performether nerves (GAN,
auriculotemporal nerve, etc.) were removed excegiaf nerve because of the
longer surgery time and the insufficient anatomitowledge. Recently, much
effort has been given to preserve GAN for reducimgany post-op
complications at the para-auricular region (lzodderet al. 1991, Moss et al.
2000, Biglioli et al. 2002, Maimone-Baronello et @&003,Nusair and Dickenson
2003). In this study, the GAN is always located tposr to the external
jugular vein. Therefore, the surgical approach &hobe done from the
posterior aspect to the external jugular vein imeorto preserve GAN when

performing the surgical procedure around the pargtand.

_14_



When the GAN is removed inevitably during the paettomy, it is thought
that three branch (superficial, deep, posteriornénga from GAN could be
removed selectively, not the whole branches of GAMis surgical technique
would be useful to minimize the post-op complicasicafter parotidectomy.

In general, it is known that the inferior part diet posterior aspect of the
auricle is distributed by GAN, and the superior améddle part is distributed
by the lesser occipital nerve. However, we obsenthdt the middle and
inferior part of the posterior aspect of the aerickas distributed by GAN in
every case. Moreover, whole posterior aspect of abecle was distributed by
GAN only in 20% of the specimens. In these casks, lesser occipital nerve
only distributed at the lateral part of the oca@pitregion posterior to the
auricle.

When a nerve graft procedure performs for a damdgedl nerve and the
other trigeminal nerve branches, GAN is the firebice of donor nerve to be
considered due to the easy access and the largs cection area (Rayatt et
al. 1998). In nerve graft, the total fascicularaamef the donor nerve is always
larger than that of the recipient nerve. Each totascicular area of five
branches (temporal, zygomatic, buccal, marginal ditutar, cervical branch) of
the facial nerve was approximately 1.00Mmfhineaweaver et al. 1997, Asaoka
et al. 1999). In this study, the total fasciculea of GAN was 1.42nfmat
proximal and 0.61mf at distal stump along with the course of GAN. The
total fascicular area was decreased as it goes ftmmproximal to the distal
aspect. Therefore, it is reliable to approach frdm adjacent region of SCM

when the nerve graft is done with GAN.
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The GAN communicates with several cranial nerves the following
manners: the nerve branch from GAN sends a smatenéwig (or several
small twigs) into the parotid parenchyme and cohntge facial neve, the
auricular branch of the vagus nerve and the pastesiuricular nerve of the
facial nerve (Standring et al. 2005). In this studlye deep branch from GAN
gave off a small twig (or several small twigs) tomamunicate with facial
nerve trunk in every case. Like the way this comitation between sensory
nerve (GAN) and motor nerve (facial nerve), theme some reports (Martin
and Helsper 1957, Last 1984, Namking et al. 1994od%urne and Burkel
1994b, Hwang et al. 2004, Kwak et al. 2004, Stangdr2005) where the
sensory branches of the trigeminal nerve and théommbranches of the facial
nerve (auriculotemporal nerve and upper division tfe facial nerve,
zygomaticotemporal nerve and temporal branch, zwoofacial nerve and
zygomatic branch, infraorbital nerve and zygomadiranch, infratrochlear nerve
and zygomatic branch, buccal nerve and buccal bfamod mental nerve and
marginal mandibular branch of the facial nerve).wdwer, the function of these
communications between the sensory and motor nerkas not to be
determined yet. It might be that the sensory nevein some way involved
the convey the proprioception impulses from the cleusinnervated by the
motor nerve with which it communicates.

In this study, we observed that the superficialnbha of GAN communicated
with the auricular temporal nerve and deep brantlGAN communicated with
the posterior auricular nerve simultaneously in sooases. The communication

between the superficial branch and auricular tealpobranch was the
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communication between sensory nerve. However, tbmnunication between
the deep branch of GAN and the posterior auricmlerve was communication
between sensory nerve and motor nerve branches. flinther functional
anatomic studies should be done to clarify the eiecommunication between
peripheral nerves and cranial nerves.

The implications of a more detailed GAN anatomy applicable to complex
approaches to the facial surgery and nerve gra#icoBnition of the some
interconnections between the other peripheral oaniat nerves within the
parotid gland could require reconsideration of tbenventional approach to
parotid resection. The surgeon may also considarasiopic dissection of the
nerve to preserve all branches and connectionsetdditer in itself as well as
a strategy for limiting the consequences of pari@raparotid nerve branch
resection because of tumor involvement or techndifficulties. Familiarity with
these common variations in GAN anatomy is an absohecessity for careful
dissection, preservation of the GAN branches, aochptete removal of tumors

in parotidectomies.
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V. CONCLUSION

We observed that GAN divided into three branchespdHicial, deep, and
posterior branches) unlike other descriptions ia literatures. The typical cases
that GAN divided into the anterior and posteriomarirhes in which described
in anatomy textbook were only observed in 20% & ttases in this study. In
contrary, the cases that the deep branch origintiad the posterior branch of
GAN (Type Ill) were most observed in 28% of the esas GAN also
distributed extensively to parotid gland, facialinskauricle, lobule, and posterior
aspect of the ear.

The total fascicular area was decreased as it goes the proximal to the
distal aspect. The total fascicular area of thexipmal GAN is larger than each
total fascicular area of five branches (temporatgamatic, buccal, marginal
mandibular, cervical branch) of the facial nervehefefore, it is reliable to
approach from the adjacent region of SCM when theven graft is done with
GAN.

The implications of a more detailed GAN anatomy applicable to complex
approaches to the facial surgery and nerve grafie Burgeon may also
consider microscopic dissection of the nerve to s@mnee all branches.
Familiarity with these common variations in GAN &y is an absolute
necessity for careful dissection, preservation @&fe tGAN branches, and

complete removal of tumors in parotidectomies.
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