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Background: This article focuses on delineation of supraorbital nerve branch-
ing patterns relative to the corrugator muscle fibers and identifies four branch-
ing patterns that help improve understanding of the local anatomy.
Methods: Twenty-five fresh cadaver heads (50 corrugator supercilii muscles and
50 supraorbital nerves) were dissected and the corrugator supercilii muscles
isolated. After corrugator supercilii muscle measurement points were recorded
for part I of the study, the supraorbital nerve branches were then traced from
their emergence points from the orbit and dissected out to the defined topo-
graphical boundaries of the muscle. Nerve branching patterns relative to the
muscle fibers were analyzed, and a classification system for branching patterns
relative to the muscle was created.

Results: Four types of supraorbital nerve branching patterns were found. In
type I (40 percent), only the deep supraorbital nerve division sent branches that
coursed directly along the undersurface of the muscle. In type II (34 percent),
branches emerging directly from the superficial supraorbital nerve were found
in addition to the branches from the deep division. Type III (4 percent)
included discrete branches from the superficial division, but none from the
deep division. In type IV (22 percent), significant branching began more
cephalad relative to the muscle and, therefore, displayed no specific relation
to the muscle fibers.

Conclusions: Contrary to previous reports, both the deep and superficial
divisions of the supraorbital nerve are intimately associated with corrugator
supercilii muscle fibers. Four supraorbital nerve branching patterns from
these divisions were found. Potential sites of supraorbital nerve compression
were identified. This more detailed anatomical information may improve the
safety and accuracy of performing complete corrugator supercilii muscle
resection. (Plast. Reconstr. Surg. 121: 233, 2008.)
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the topographical dimensions of the corru-

gator supercilii muscle relative to fixed bony
landmarks."? This allows for a more systematic and
predictable surgical approach to precise corruga-
tor supercilii muscle resection for both forehead
rejuvenation and the surgical treatment of mi-
graine headaches, which has been shown to be
paramount to an optimal result.'”’

In part I of this study, we reported data on

From the Department of Plastic Surgery, The University of
Texas Southwestern Medical Cenler, and the Division of
Plastic and Reconstructive Surgery, Case Western Reserve
University School of Medicine.

Received for publication December 3, 2006; accepted July 21,
2007.

Copyright ©2007 by the American Society of Plastic Surgeons

DOI: 10.1097/01.prs.0000299260.04932.38

www.PRSJournal.com

Most migraine headaches have been theorized
to be related to irritation, entrapment, and/or com-
pression of peripheral nerve trigger points.®!* The
supraorbital and supratrochlear nerves have been
implicated as the frontal trigger sites.®? This the-
ory has been supported in part by the fact that
improvement of symptoms has been demon-
strated in a significant proportion of patients after
chemodenervation of the corrugator supercilii
muscle by botulinum toxin type A.8-1214-16

The supraorbital nerve and its intimate re-
lationship with the corrugator supercilii muscle
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require further anatomical inspection. We hy-
pothesize that the supraorbital nerve divisions dem-
onstrate a more significant branching pattern and
muscular relationship with respect to the corrugator
supercilii muscle than previously reported.

RELEVANT ANATOMY

The supraorbital nerve is a purely sensory
nerve that arises from the ophthalmic division
(Vy) of the trigeminal nerve. It exits through a
supraorbital notch 90 percent of the time, but it
can also exit a true bony foramen located 1.5 cm
cephalad to the supraorbital rim 10 percent of the
time.!%° Beer et al.?! performed an extensive an-
atomical study on the exit point(s) of the supraor-
bital nerve and found a single exit point (either
notch or foramen) in 84 percent of right orbits
and 82 percent of left orbits. However, in 14 per-
cent of right orbits and 16 percent of left orbits,
more than one exit point was found.?

After exiting the supraorbital rim (through
either aforamen or notch), the supraorbital nerve
trunk divides into a superficial branch and a deep
branch.!7182 The deep division of the nerve splits
from the nerve trunk at the supraorbital notch in
5 percent to 10 percent of patients, butit has been
noted that the deep branch can also branch out
from a separate, more lateral foramen.!” The deep
branch has a more consistent distribution and
runs deep to the frontalis in a cephalad direction
between the galea and periosteum in the lower
half of the forehead to provide sensory innerva-
tion to the frontoparietal scalp.!”!® Its course par-
allels the temporal fusion line, traveling just me-
dial to it."® According to Knize,? the deep division
does not branch except for tiny “threadlike”
strands extending to the underlying periosteum.

The superficial division divides into multiple
smaller branches that penetrate the frontalis mus-
cle and pass over the muscle as they travel toward
the hairline to provide sensation to the forehead
and anterior scalp. This pattern was seen in 90
percent of specimens evaluated by Knize.!!® While
three types of branching patterns of the supraorbital
nerve deep branch have been described,!” these
were not defined relative to the overlying muscula-
ture and were described as always running deep to
or within the galea.

On the basis of extensive intraoperative ob-
servation, the senior author (B.G.) believes there
to be significant branching relative to the corru-
gator supercilii muscle from both the deep and
superficial supraorbital nerve divisions. Nerve fi-
bers may be more closely associated with the cor-
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rugator supercilii muscle fibers than previously
described.

MATERIALS AND METHODS

Twenty-five fresh cadaver heads (50 corruga-
tor muscles and 50 supraorbital nerves) were dis-
sected using a cross-shaped incision centered over
the radix, with the transverse component follow-
ing the eyebrow arches (Fig. 1). None of the ca-
davers had previous trauma sustained to the an-
atomical regions to be dissected. All dissections
were carried out under 3.8X high loupe magni-
fication. Adipocutaneous flaps were initially raised
to avoid inadvertent injury to the underlying mus-
culature or avulsion of cutaneous nerve branches
from their nerve origins. The frontalis and de-
pressor supercilii muscles were sharply dissected
off of the corrugator supercilii muscle and ele-
vated along with the skin flaps to complete the
exposure. The full extent of the corrugator su-
percilii muscle was delineated and meticulously
teased off of the interdigitating orbicularis oculi
and frontalis muscles (Fig. 2). Standardized mea-
surements of corrugator supercilii muscle dimen-
sions were taken before proceeding to the su-
praorbital nerve dissection, and were reported in
part I of this study.!? Of note, evaluation of su-
pratrochlear nerve patterns revealed consistent
branching within corrugator supercilii muscle fi-
bers with no particular variations with respect to
branching patterns or nerve-muscle associations;
therefore, no further microdissection of this nerve
was performed.

The inferior aspect of the corrugator supercilii
muscle was reflected, revealing the origin of the
supraorbital nerve trunk and its deep and super-
ficial divisions, as well as their branches. Data and

Fig. 1. Cross-shaped incision. Markings indicate incision place-
ment and planned flap dissection.
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observations were recorded as to the nerve fiber
branching patterns along the corrugator supercilii
muscle, the plane in which they ran, and the spe-
cific supraorbital nerve division from which they
originated. A limited neurolysis was performed,
when indicated, to facilitate better delineation of
the finer nerve branches that coursed along the
corrugator supercilii muscle. Dissection of the su-
praorbital nerve branches was limited to the most
cephalad and lateral borders of the corrugator
supercilii muscle, as only the supraorbital nerve
branches associated with the corrugator muscle
fibers were deemed relevant for this study.
These corrugator supercilii muscle branches
were designated as superficial supraorbital
nerve—corrugator supercilii muscle (SON-S¢gy,)
or deep supraorbital nerve—corrugator superci-
lii muscle (SON-Dg,) depending on the nerve
division they arose from.

RESULTS

Four types of supraorbital nerve branching
patterns were found relative to the corrugator su-
percilii muscle fibers (Table 1). Branching patterns
were classified according to the nerve divisions
they originated from (SON-Sggy; or SON-Dgy,). It
should be noted that while the designated su-
praorbital nerve division commonly sent a single

Table 1. Supraorbital Nerve Branching Classification

Fig.2. Cadaverdissection depicting extent of corrugator superciliimus-
cle delineation and skeletonization.

i, =

dominant corrugator-related nerve branch, finer
nerve fibers (seen more often from the superficial
branch of the nerve) were occasionally seen, but
always from the same division. For simplification,
finer nerve branches will not be included as part
of a subclassification.

In type I (40 percent), the deep supraorbital
nerve division sent a single branch that coursed
directly along the undersurface of the corrugator
supercilii muscle (Fig. 3). In type II (34 percent),
branches from the superficial supraorbital nerve
were observed in addition to nerve fibers from the
deep division (Fig. 4). Type III (4 percent) dis-
played discrete corrugator supercilii muscle-re-
lated branches from the superficial division, but
none from the deep division (Fig. 5). Type IV
displayed no significant branching relative to the
corrugator supercilii muscle mass (Fig. 6 shows
the absence of corrugator supercilii muscle-re-
lated supraorbital nerve branching). In the type
IV pattern, branching (not related to the cor-
rugator supercilii muscle fibers) was noted to
arise mostly from the superficial division, but
only after it passed the most cephalad portion of
the corrugator supercilii muscle, while the deep
division demonstrated no branches.

When a bony notch was present, there was
occasionally a taut fibrous band that formed the

Classification Branch Origin Right Left Overall
Type I Deep division 10 9 20/50 (40%)
Type II Deep and superficial division 9 8 17/50 (34%)
Type 1II Superficial division, no deep division 1 1 2/50 (4%)
Type IV* No relation to CSM 5 5 11/50 (22%)

CSM, corrugator supercilii muscle.

*Branching usually began more cephalad relative to the corrugator supercilii muscle mass.
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Fig.3. Typelsupraorbital nerve branching pattern. SON-D, deep
division of the supraorbital nerve; SON-D,, branching fibers
from the deep division of supraorbital nerve; CSM, corrugator su-
percilii muscle. (Below) SON-D branching was simplified for illus-
tration purposes. Allillustrations will demonstrate the most com-
mon branching relative to the supraorbital nerve division, with
only one fiber from the respective supraorbital nerve division.

anterior border of the supraorbital nerve notch
and held the nerve trunk (or divisions) against the
frontal bone. Some nerve branches were seen to
be circumferentially enveloped by corrugator
muscle fibers at some point along their course, but
this was not a consistent finding. Interestingly,
the specific branch (or branches) that was as-
sociated with the corrugator muscle fibers al-
ways coursed parallel to or nearly parallel to the
direction of these muscle fibers. A trend was
observed in which supraorbital nerve branches
from both the deep and superficial divisions
became progressively more superficial during
their course away from their bony origin. These
superficial branches were commonly present at
the anatomical borders of the corrugator mus-
cle, where muscular insertion points and inter-
digitations occur.
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Fig. 4. Type Il supraorbital nerve branching pattern. SON-S, su-
perficial division of the supraorbital nerve; SON-S,, branch fiber
from SON-S relevant to the corrugator supercilii muscle; CSM,
corrugator superciliimuscle; SON-D, deep division of the supraor-
bital nerve; SON-D,, branch from deep division of supraorbital
nerve.

DISCUSSION

Successful forehead rejuvenation and surgical
deactivation of frontal trigger sites of migraine
headaches both require corrugator supercilii mus-
cle resection. Knowledge of the exact course of the
supraorbital nerve along the corrugator muscle
may assist in a more safe and effective approach to
forehead rejuvenation by coronal, transpalpebral,
or endoscopic approaches.

Four patterns of supraorbital nerve branching
were found (Fig. 7). Specific nerve branches that
were invested by the corrugator muscle seemed to
run parallel with the muscle fibers after they split
off from the superficial and deep divisions. This
observation may influence corrugator supercilii
muscle dissection techniques to avoid unnecessary
nerve sacrifice.

In type I (40 percent) only the deep supraor-
bital nerve division sent branches (SON-Dg),) that
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Fig. 5. Type lll supraorbital nerve branching pattern. SON-S,
superficial division of the supraorbital nerve; SON-S,, branch
from the superficial division of the supraorbital nerve; CSM,
corrugator supercilii muscle; SON-D, deep division of the su-
praorbital nerve.

coursed directly along the undersurface of the
corrugator supercilii muscle. Distinct branches
(SON-Sgy) emerging directly from the superficial
supraorbital nerve were found in addition to those
arising from the deep division in type II (34 per-
cent). In type III (4 percent), nerve patterns in-
cluded discrete branches from the superficial
division (SON-Sggy), but none from the deep di-
vision. In type IV (22 percent), significant branch-
ing occurred at a more cephalad location with
respect to the corrugator supercilii mass; there-
fore, no branches specific to the corrugator mus-
cle fibers were observed. Therefore, 74 percent of
the time (types I and II), a corrugator muscle-
related supraorbital nerve branch was shown to
arise from the deep division, while 22 percent
(type IV) of the time, no direct correlation be-
tween the supraorbital nerve and the corrugator
supercilii muscle exists.

Although supraorbital nerve branches were
not seen to perforate all the way through the cor-

Fig. 6. Type IV supraorbital nerve branching pattern. (Above)
Note the change in orientation. Represented view is looking
down at the retracted corrugator supercilii muscle from a ceph-
alad-to-caudal direction. (Above and below) Branching from the
superficial division of the supraorbital nerve starts more cepha-
lad relative to the corrugator superciliimuscle than other branch-
ing patterns. SON-S, superficial division of the supraorbital nerve;
CSM, corrugator supercilii muscle; SON-D, deep division of the
supraorbital nerve.

rugator supercilii muscle fibers, they did change
their direction as they coursed further from their
respective parent supraorbital nerve division(s),
taking on a slightly more parallel orientation with
respect to the corrugator muscle fibers.

Detailed knowledge of the potential sites of
nerve compression may be as important in the
treatment of migraine headaches as it has been in
upper extremity. Interestingly, whenever a su-
praorbital nerve notch was seen, there was occa-
sionally a fibrous band located anterior to the
nerve trunk, which constrained it against the bony
notch. Most often, the supraorbital nerve had al-
ready splitinto its deep and superficial divisions as
it emerged from this point. This band could po-
tentiate further nerve irritation and/or compres-
sion, regardless of the reason.
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Fig.7. Summary of supraorbital nerve branching pattern classification. (Left) Type | supraorbital
nerve branching pattern, the most common type (enlarged). (Right) Types Il through IV. SON-S,
superficial division of the supraorbital nerve; SON-S,, branch from the superficial division of the
supraorbital nerve; SON-D, deep division of the supraorbital nerve; SON-D,, branch from the
deep division of the supraorbital nerve.

Immediately cephalad to this point is the in-
ferior free border of the corrugator supercilii mus-
cle and, laterally, the inferolateral interdigitation
with the orbicularis oculi muscle. The free border
of the corrugator supercilii muscle is surrounded
by a galeal fat “glide plane,”?* and nerve compres-
sion here may be less common due to the ample
soft-tissue cushion, unless there has been prior
inflammation or trauma.? However, the location
of the deep division of the supraorbital nerve at
the site of corrugator supercilii muscle—orbicu-
laris oculi interdigitation may be more susceptible
to nerve compression, particularly with repetitive
muscle contraction and increased muscle bulk.
This can be observed clinically when the corruga-
tor supercilii muscle contracts, as the medially
directed pull of the muscle translates to the or-
bicularis oculi beyond the temporal fusion line.

Overall, the deep division may be more sus-
ceptible to compression at the lower portion of the
frontal bone, where it travels against the perios-
teum to eventually course more medial to the
temporal fusion line. Any branches that arise from
the more adherent portion of the deep supraor-
bital nerve division must, by necessity, change
their course to a more superficial one as they
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course along the more superficially located cor-
rugator supercilii muscle fibers. This deviation
and change of plane from the firmly attached
deep division is the next potential site of nerve
compression.

Moving toward the hairline, another possible
site of supraorbital nerve (and supratrochlear
nerve) compression is the muscular interdigita-
tion(s) of the corrugator supercilii muscle with the
frontalis and medial orbicularis oculi muscles.
Nerve branches may be compressed between the
vertically oriented frontalis and orbicularis fibers
and the nearly transversely oriented corrugator
muscle fibers, where opposing muscular forces
may create torqueing forces on any of the nerve
fibers.

CONCLUSIONS

Clarification of the nerve-muscle interac-
tions between the corrugator supercilii muscle
and supraorbital nerve has been established.
While classification systems are sometimes dif-
ficult to apply to the clinical setting, recognition
of the various supraorbital nerve branching pat-
terns and their frequency may assist the surgeon
in safer and more systematic corrugator muscle
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dissection/resection techniques for forehead
rejuvenation and migraine surgery.

From part II, we can conclude that (1) su-
praorbital nerve compression implicated in mi-
graine etiology may exist at specific points along
the supraorbital nerve path in relation to the cor-
rugator supercilii muscle and its anatomical bor-
ders; (2) 78 percent of the time, supraorbital nerve
branching begins closer to the supraorbital nerve
bony origin, allowing for more significant invest-
ment by the corrugator supercilii muscle; (3) 22
percent of the time, no supraorbital nerve branch-
ing relative to the corrugator supercilii muscle
could be established, since branching occurred
more cephalad relative to the bulk of the corru-
gator muscle; (4) while some corrugator supercilii
muscle fibers were noted to encircle branches of
the supraorbital nerve, none actually perforated
through the muscle, and supraorbital nerve bony
exits that included a notch sometimes demon-
strated a firm fibrous band that served as the an-
terior constraint of the nerve, limiting its mobility
at the bony notch.

Interestingly, the distribution frequency of
supraorbital nerve branching relative to the cor-
rugator supercilii muscle seems to correlate with
the success rate of migraine treatment by com-
plete corrugator resection.® A study by Guyuron
et al.* showed complete or significant amelio-
ration of migraine headaches in 79.5 percent of
patients after corrugator resection. This is sim-
ilar to the 78 percent supraorbital nerve branch-
ing frequency (types I, II, and III) found in the
current study, in which the supraorbital nerve
and corrugator supercilii muscle are closely as-
sociated. It is plausible that those patients who
do not experience a significant improvement in
migraine headaches may exhibit type IV su-
praorbital nerve branching, in which nerve
branches and corrugator muscle fibers are not
intimately related.

Future studies may serve to further delineate
correlations among specific branching patterns,
anatomical points of compression, and migraine
headache symptomatology.
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