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Variation of the Great Auricular Nerve and
Prediction of the Facial Nerve Trunk Size
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Background: This study aimed to reveal the anatomical variation in the great au-
ricular nerve (GAN) and the correlation between the size of the GAN and the
facial nerve trunk (FNT), so as to aid surgeons to perform safe facelift surgery and
parotidectomy.

Methods: Sixteen human cadavers were studied on 16 left and 15 right facial sides.
The GAN’s branching patterns, location, and the mean width of the GAN and FNT
were measured.

Results: The average distance where the nerve emerged from under the sterno-
cleidomastoid muscle was 87.61+12.13mm when measured perpendicular to the
Frankfort horizontal plane. The branching pattern of the GAN could be classified
into 5 types of which the most common was type 3 (30.77%), where the GAN di-
vided into the anterior (superficial) and posterior branches, and then the deep
branch originated from the posterior branch of the GAN. The mean width of the
GAN and FNT from all the dissections was 3.26+0.67 mm and 3.36+0.71 mm, re-
spectively. There was a significant correlation between the width of the nerves on
both facial sides (right: r =0.740, P=0.002; left: r = 0.839, P< 0.001).

Conclusions: This study revealed the anatomical variation and the width of the
GAN, which can strongly predict the width of the FNT. This should be taken into
consideration during facelift surgery and parotidectomy, especially in patients
with a small GAN to prevent iatrogenic injury to the small FNT. (Plast Recon-
str Surg Glob Open 2018;6:¢2000; doi: 10.1097/GOX.0000000000002000; Published
online 17 December 2018.)

INTRODUCTION

During parotidectomy and facelift surgery, the inci-
sions are usually made with a modified Blair incision and
facelift incision.'™* Surgical exposures are initiated via el-
evation of the lateral facial and neck skin. Two important
sensory and motor nerves are located in this region: the
great auricular nerve (GAN) and the facial nerve (FN),
respectively, which are found superficial to the deep surgi-
cal plane.’
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The GAN originates from the cervical plexus at levels
of C2 and C3, pierces the investing fascia at the posterior
border of the sternocleidomastoid muscle (SCM), ap-
proximately halfway between the mastoid process and the
sternal notch. It ascends toward the ear and on reaching
the parotid gland, it divides into anterior and posterior
branches to contribute sensory fibers to the skin overlying
the parotid area, lower aspect of the pinna and angle of
the mandible.” " Injury to the GAN during facelift surgery,
which has estimated incidence from 0% to 6%,'"*! can oc-
cur while skin flaps are being undermined.” Although not
as significant as motor nerve injury, iatrogenic injury of
the GAN can have long-term sequelae.!!

The FN is commonly referred to as the nerve of
facial expression.?** It exits the skull base by passing
through the stylomastoid foramen and then runs an-
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teriorly within the parenchyma of the parotid gland,
crosses the external carotid artery, and divides into 2
main divisions at the posterior border of the ramus of
the mandible, an upper (temporofacial) division and a
lower (cervicofacial) division."?*% In general, 2 basic
surgical approaches have been used to identify and pre-
serve the FN trunk (FNT) during surgery of the parotid
gland. One method is to identify the FNT by dissecting
the nerve from proximal to distal ends. The other is
retrograde identification by dissecting the peripheral
nerve branches after bifurcation of the FNT. The use of
the former technique is generally believed to be safer
and more reliable.!*

In current practice, wide ranges of landmarks and
nerve monitoring are used to identify the FNT?#*2426-%2
without any principle in terms of the size prediction of the
FNT that the surgeon will encounter. However, only lim-
ited clinical experience and 1 pilot study implied a rela-
tionship between the width of the GAN and the size of the
main FNT.** The purpose of this study was, therefore, to
reveal the anatomical variation (location and branching)
of the GAN and to provide a size prediction of the FNT to
aid surgeons for safe facelift surgery and parotidectomy.

MATERIALS AND METHODS

This was a collaborative study between the Division of
Facial Plastic and Reconstructive Surgery, Department of
Otolaryngology, Faculty of Medicine, Chulalongkorn Uni-
versity and the Department of Anatomy, Phramongkut-
klao College of Medicine, Royal Thai Army. The required
sample size calculation, based on Colbert S et al.* that the
mean width of the GAN and FNT was 2.75+0.53 mm and
2.83+0.54mm, respectively, was calculated to be about 15
according to the formula:
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Sixteen intact cadavers were obtained in conjunction with
all the cadavers given to second-year medical students in
Department of Anatomy, Phramongkutklao College of
Medicine, Royal Thai Army. Both sides of the face and
neck were dissected to explore the GAN and the FNT
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with all dissections and measurements completed by the
authors and a single observer, respectively, before the stu-
dent dissection of the face and neck. There was institu-
tional approval for this study. The precise course of the
GAN and the extent of its branching were established by
careful dissection and then identifying the FNT by dissect-
ing the nerve from proximal to distal ends using various
anatomic landmarks.!:232426.28.30

The study consisted of 3 investigations concerning
the anatomical variation of the GAN and prediction of
the FNT size. The GAN location at its emergence from
underneath the sternocleidomastoid muscle was mea-
sured in the first investigation. We measured the distance
where the nerve emerged perpendicular to the Frankfort
horizontal plane (Fig. 1). In the second investigation, the
branching pattern of the anterior, posterior, superficial,
and deep branches of the GAN were recorded and classi-
fied into 5 types. Lastly, to assess the correlation between
the sizes of the GAN and FNT, the widest dimensions of
the GAN before bifurcating into the anterior and poste-
rior branches (Figs. 2A and 3A) and the main FNT be-
fore bifurcating into the upper (temporofacial) and lower
(cervicofacial) branches were measured (Figs. 2B and
3B). All measurements were made by a single observer, an
otolaryngologist, using digital calipers: Mitutoyo No.500-
196-20. CD-6” CSX (Made in Japan) capable of measuring
to 0.01 mm. Precise measurements were achieved by inten-
sive training on the quantification technique in advance.
Ten square toy blocks were randomly given to the observer
with an interval of 2 days to 2 weeks between sessions. An
intraclass correlation above 0.96 was reached before the
initiation of study. Each measurement was performed with
the calipers reset to zero every time. The mean, SD, and
range for each of the measurements were determined.
Pearson’s product moment correlations coefficients were
calculated to assess any association between the diameters
of the GAN and the FNT. The agreement was analyzed us-
ing the model described by Bland and Altman. Data were
analyzed using Statistical Package for Social Science (ver-
sion 22). A 2-sided Pvalue of <0.05 was regarded as statisti-
cally significant.

Fig. 1. Location of the GAN at its emergence from underneath the
SCM.
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Fig. 2. A, The width of the GAN before bifurcating into the anterior and posterior branches was mea-
sured. B, Arrow indicates the main FNT before bifurcating into the upper (temporofacial) and lower

(cervicofacial) branches.

Fig. 3. A, The GAN ascending toward the parotid gland was measured before the bifurcation. B, The
main trunk of the FN was measured with a digital caliper to 0.01 mm.

RESULTS

The 16 cadavers (11 males, 5 females) examined had
an age range between 49 and 94 years old. We recorded
the results from both facial sides (16 left but only 15 right)
and then further divided the data into the left and right
facial sides in case of asymmetrical differences.

The distance where the GAN emerged from under
the sternocleidomastoid muscle was ranged from 69.32 to
113.69 mm, with an average distance of 87.61+12.13mm
when measured perpendicular to the Frankfort horizontal
plane (Fig. 1).

In the second investigation, even with careful dis-
section, we could complete the dissection to identify all
the branches of the GAN in only 26 sides, since 5 sides
(16.13%) were excluded after being accidentally cut while
elevating the skin flap. In these 26 cases, the GAN divided
into 4 branches (anterior, posterior, superficial, and deep
branches) in its course on the sternocleidomastoid mus-
cle. The superficial branch distributed to the skin and sur-
face of the parotid gland, while the deep branch entered
the parenchyma of the parotid gland. The branching pat-
terns could be subdivided into 5 main categories (see fig-
ure, Supplemental Digital Content 1, http://links.lww.com/
PRSGO/A909, which displays photographs and diagrams
showing the five branching patterns (types 1-5 in A-E, re-
spectively) of the GAN). In type 1 (Supplemental Digital
Content 1), found in 5 sides (19.23%), the GAN divided
into the anterior and posterior branches, and then the
anterior branch bifurcated into the superficial and deep
branches. In type 2 (Supplemental Digital Content 1),

Table 1. Size (Mean, SD and Range) of the Right and Left
Facial Side GAN and FN in Millimeter

Structure Mean SD Minimum Maximum
Right GAN 3.17 0.68 2.00 4.26
Left GAN 3.35 0.68 2.14 4.57
Right FN 3.27 0.75 2.03 4.88
Left FN 3.44 0.68 2.20 4.81

found in 3 sides (11.54%), a trifurcation of the GAN, the
posterior branch and the superficial and deep branches
of the anterior branch was evident. Type 3 (Supplemen-
tal Digital Content 1), found in 8 sides (30.77%), was the
most common pattern, where the deep branch originated
from the posterior branch of the GAN and the anterior
branch ran superficial distributed to the skin and surface
of the parotid gland. In Type 4 (Supplemental Digital Con-
tent 1), found in 7 sides (26.92%), the superficial branch
originated from the posterior branch of the GAN and the
anterior branch ran deep into the parenchyma of the pa-
rotid gland. Lastly, in type 5 (Supplemental Digital Con-
tent 1), found in 3 sides (11.54%), the GAN had already
bifurcated into the anterior and posterior branches by the
time it had emerged onto the sternocleidomastoid muscle
through the investing fascia.

Lastly, to assess the correlation between the GAN and the
FNT, the results and the side of dissection was recorded. The
mean width of the GAN and the FNT from all the dissections
was 3.26+0.67mm and 3.36+0.71 mm, respectively. The mean
width of each nerve from both sides are shown in Table 1.
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Fig. 4. Correlation between the diameter of the GAN and FNT for the right (r = 0.740, P=0.002; A) and left (r=0.839, P < 0.001; B) facial side.

Table 2. Regression Models and Fit Statistics to Predict the
FNT Diameter from that of the GAN

Optimum

Right Facial Optimum Left

Side Model Facial Side Optimum
Variables Coefficients Model Mean Model
GAN (R) 0.82 — —
GAN (L) — 0.831 —
Mean GAN — — 0.893
95% CI for coefficient 0.374-1.266 0.522-1.139 0.616-1.171
R?/adjusted R? 0.548/0.513 0.704/0.683 0.788/0.772
Standard error of estimate 0.522 0.380 0.306

Dependent variables for the models are the FN measurements (right, left, and
mean of both facial sides).

Pearson’s product moment correlations coefficients
were calculated to assess any association between the di-
ameters of the GAN and the FNT. A strong positive cor-
relation between the diameters of the 2 nerves was found
for both the right (r = 0.740; P=0.002) and left (r = 0.839;
P<0.001) facial sides (Fig. 4). We confirmed the relation-
ship between the FNT size and the GAN diameter with
regression analysis for each facial side and the mean from
both sides (Table 2).

Bland-Altman plots (Fig. 5) and 95% confidence interval
(CI) for limits of agreement (Table 3) were used to evaluate
the agreement among the 2 different values, and the dia-
grams indicate that the diameter of the GAN was very similar
to that of the FNT and can be used interchangeably.

DISCUSSION
The impact of GAN sacrifice morbidity on the patient’s
quality of life is tolerable and improves during the first
postoperative year. However, GAN morbidity may be both-
ersome enough to warrant efforts to preserve the branch
of the GAN when possible.* In our study, the location
where the GAN emerged from the posterior border
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of the sternocleidomastoid muscle (Erb’s point)™® was
87.61+12.13mm below the Frankfort horizontal plane,
the most consistent reference. In contrast to other studies,
the GAN was found approximately 1cm posterior to the
external jugular vein”* and was reported to emerge from
under the sternocleidomastoid muscle, as measured from
the bony external auditory canal at either 6.5+0.9cm or
9.8+1.2cm.”™ Due to the delicate GAN branching pat-
tern, 5 sides (16.1%) were accidentally cut while elevat-
ing the skin flap and so were excluded from the analysis.
We feel that this unintentional cut is inevitable, but
note that its incidence (16.1%) is less than that for the
postoperative hypesthesia of the ear from parotid gland
surgery, which has an estimated incidence of from 26% to
59%.1-* The patterns of branching of the GAN was previ-
ously described by Ozturk et al.,'' where 4 types of branch-
ing patterns of the nerve were identified: branching at the
superior third of the SCM (type 1), branching at the mid-
third of the SCM (type 2), branching at the inferior third
of the SCM (type 3), and no branching (type 4). The most
common branching pattern was type 1(53.8%), followed
by type 3 (26.9%), type 4 (15.4%), and type 2 (3.8%).
However, this was based upon only the anterior and pos-
terior branches. In contrast, in this study, we included the
superficial and deep branches as well and so could classify
5 types of branching pattern. The most common branch-
ing pattern was type 3 (30.77%), where the deep branch
originated from the posterior branch of the GAN and the
anterior branch ran superficial distributed to the skin and
surface of the parotid gland. This is similar to that previ-
ously reported,” where the most frequently observed pat-
tern (28%) was where the deep branch originated from
the posterior branch of the GAN. These confirm the dif-
ference to Gray’s Anatomy? that described the GAN as be-
ing divided into the anterior and posterior branches, and
then the anterior branch bifurcated into the superficial
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Fig. 5. Bland and Altman plot of the absolute limits of agreement between the size of the GAN and FNT for the (A) right and (B) left facial

side.

Table 3. 95% Cl for Limits of Agreement between the
Diameter of GAN and FNT

95% 95%
Facial Side Bias Lower Limit Upper Limit
Right side (n = 15) -0.1020 -1.1168 0.9128
Leftside (n =16) -0.0894 -0.8444 0.6657

and deep branches, which matches our type 1 branching
pattern and accounts for only 19.23% of the patterns seen.
The least common patterns were the trifurcation (type 2;
11.54%) and the bifurcation before emerging on to the
sternocleidomastoid muscle (type 5; 11.54%).

From individual clinical experiences, a small and delicate
GAN corresponds to subsequently finding a small and deli-
cate FN. It would appear the converse also holds true in that
a robust GAN is correlated with a similarly robust FNT.>*%
To the best of our knowledge, this study is the first attempt to
confirm the initial pilot study” by using a very delicate mea-
surement capable of measuring to 0.0l mm (Figs. 2, 3). The
results confirmed that the width of the FNT can be predicted
from the width of the GAN before its bifurcation.

However, this study has some possible limitations. In
addition to limited ethnical divergence, we studied cadav-
ers, which can be associated with the shrinkage of soft
tissue. 47
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