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in Chronic Migraine?
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Abstract: Chronic migraine has been related to the entrapment of the supratrochlear nerve
within the corrugator supercilii muscle. Recently, research has shown that people who have
undergone botulinum neurotoxin A injection in frontal regions reported disappearance or
alleviation of their migraines. There have been numerous anatomical studies conducted on
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Caucasians revealing possible anatomical problems leading to migraine; on the other hand,
relatively few anatomical studies have been conducted on Asians. Thus, the aim of the
present study was to determine the topographic relationship between the supratrochlear
nerve and corrugator supercilii muscle in the forehead that may be the cause of migraine.
Fifty-eight hemifaces from Korean and Thai cadavers were used for this study. The
supratrochlear nerve entered the corrugator supercilii muscle in every case. Type I, in which
the supratrochlear nerve emerged separately from the supraorbital nerve at the medial
one-third portion of the orbit, was observed in 69% (40/58) of cases. Type II, in which the
supratrochlear nerve emerged from the orbit at the same location as the supraorbital nerve,
was observed in 31% (18/58) of cases.

Keywords: supratrochlear nerve; corrugator supercilii muscle; chronic migraine;
trigger point injection; periorbital region

1. Introduction

The supratrochlear nerve (STN) and supraorbital nerve (SON) constitute the terminal branch of the
frontal nerve, which is a major branch of the ophthalmic nerve. After passing over the roof of the orbit
anteromedially, the STN and SON travel through the corrugator supercilii muscle (CSM) and proceed
to the frontal belly of the occipitofrontalis muscle to receive the sensation of the mucosa of the glabella,
upper eyelid, and skin of the lower forehead close to the midsagittal line [1,2].

The STN and SON are anesthetized prior to performing various surgical procedures [3.,4].
For example, the nerve-block procedure and botulinum toxin type A (BTX-A) injection can be beneficial
for treating primary headache disorder [5—15]. BTX-A is routinely administered as a treatment for
chronic migraine in the frontal region [9,13,15]. The trigger point is generally targeted as the injection
site for the BTX-A treatment to relieve the associated pain [16,17]. In the frontal region, chronic
migraine may occur as a result of entrapment of the STN by the CSM; the STN could also be compressed
by hyperactivity of the CSM [5,9]. Since the STN is thought to be a trigger point for headache in the
frontal region [18,19], BTX-A injection is broadly performed in the supraorbital area. However, there
has been little research to determine the most effective BTX-A injection point based on detailed
knowledge of the anatomical structure of the frontal area.

In the USA, this nerve-block procedure and trigger-point injections carried out with lidocaine or
bupivacaine have provided sustained and often rapid pain relief to patients experiencing various types
of' headache [20,21]. It has been recommended that anesthetics should be injected into the medial portion
of the eyebrow to produce a successful nerve block of the STN [14]. However, while it is quite easy to
find surface landmarks to enable SON block, it is quite difficult to find appropriate surface landmarks
to enable anesthetization of the STN, despite the numerous studies describing the morphology of that
nerve. This has resulted in numerous unnecessary injections to induce STN anesthesia in the forehead
skin, and when it is achieved; this anesthesia is less effective compared with SON block [12,22-24].
Only a few of the studies that have investigated the STN morphology have described its patterns of
emergence from the orbit and its course through the CSM. Patterns of emergence of the STN from the
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orbit are clinically important. Thus, elucidating the potential inter-individual differences in the anatomy
and topography of the STN in the orbit, would aid the effective anesthesia of that nerve.

The aim of the present study was to determine the topographic relationship between the STN and
CSM in the forehead region and to classify the patterns of emergence of the STN from the orbit and its
course within the CSM.

2. Results

The emergence patterns of the STN were divided into two main types: I and II. The STNs typically
emerged from the medial one-third portion of the orbit, running through the thin fatty tissue behind the
orbicularis oculi muscle, and then entered CSM in every case. Type I, in which the STN emerged
separately at the medial one-third portion of the orbit, was observed in 40 cases (69%). These cases
could be further divided into type Ia, in which the STN entered the CSM as a single nerve branch, and
type Ib, in which the STN bifurcated prior to entering the CSM. Types Ia and Ib were observed in
22 (38%) and 18 (31%) cases, respectively (Figure 1).

Type la i ' Type Ib

Figure 1. Photographs and schematic illustrations indicating the distribution patterns of the
supratrochlear nerve (STN) to the corrugator supercilii muscle (CSM). In types Ia and Ib,
the STN emerged independently from the supraorbital notch region, and then passed through
the CSM either as a single nerve branch (type Ia) or after bifurcating into two branches prior
to piercing the CSM (type Ib). In types Ila and IIb, the STN emerged from the supraorbital
notch region with the supraorbital nerve (SON), and then passed through the CSM either as
a single nerve branch (type Ila) or after bifurcating into two branches prior to piercing the
CSM (type IIb) (S: superior, M: medial).
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Type II, in which the STN emerged from the orbit at the same location as the SON, was observed in
18 cases (31%). As with type I, the type II category could be further divided into two subtypes: type Ila
(13 cases, 22.4%), where the STN entered the CSM as a single nerve branch, and type IIb (5 cases,
8.6%), where the STN bifurcated into two branches prior to entering the CSM (Figure 1). In one case an
accessory foramen was found medial to the supraorbital notch; a single nerve emerged from this exit and
then entered the CSM. An extra exit for the STN was located 5 mm lateral to the midsagittal line.

The point at which the STN entered the CSM was measured in every case, and the distance between
the SON and STN in type I was measured. The point at which the STN entered the CSM was
16.4 £ 4.0 mm (mean + SD) lateral to the midsagittal line and 2.3 + 3.9 mm superior to the supraorbital
margin. When the STN emerged separately from the orbit, it was located 7.5 + 2.3 mm medial to the
SON at the level of the supraorbital margin (Figure 2).

ey |

Figure 2. Location of the STN in the supraorbital notch region and within the CSM. Chronic
migraine may develop in the location indicated by blue dots. (VL: vertical reference line,
HL: horizontal reference line).

3. Discussion

Some anatomical studies have documented the exit point of the STN from the orbit, the relationship
between the SON and STN, and the point at which these nerves enter the CSM, with a focus on clinical
applications [12,21,23,24]. The present study revealed the branching patterns of the STN in the
supraorbital area.
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The STN and SON have been target nerves for nerve-block procedures to treat various types of
headache and for local anesthesia before performing endoscopic and transpalpebral approaches in the
forehead region [3,4]. The present study identified a previously unreported type of STN (type II),
which was observed in 31% of the specimens, and which could be further classified into two subtypes
(types Ila and IIb).

In contrast, Andersen et al. [22] reported that the STN exited the orbit as a single branch in 25% of
cases, but was composed of two or three branches in the other cases. In addition, Miller et al. [24] found
that the STN comprised one or more branches in 30% of cases, where that nerve exited from the orbit
medial to the SON. The findings of the present and previous studies indicate that in addition to
appearing as a single nerve branch, the STN can also exist as two or more branches innervating the
midforehead skin.

In addition, the distance between the STN and SON was measured at the level of the supraorbital
margin. The STN was situated 7.5 + 2.3 mm medial to the supraorbital notch or the foramen along the
supraorbital margin. In addition, the point of entrance of the STN into the CSM was 16.4 & 4.0 lateral to
the midsagittal line and 2.3 + 3.9 mm superior to the supraorbital margin. The branch of the STN nearest
to the midsagittal line was located between 8.5 and 26.7 mm from it in the present study;
Andersen et al. [22] observed that this distance ranged between 8 and 30 mm.

The relationship between the STN and CSM is important for a tension-type headache, because
frontally localized headaches can be associated with nerve entrapment and compression of the peripheral
nerve [9,18,25]. However, only a small percentage of migraine with nerve entrapment may be due to
nerve entrapment. Yet, the STN and SON are thought to be the trigger spots in the frontal
region [5,9,11,12,25]. Since the STN runs through the CSM in the midforehead area, it can be entrapped by
contraction of the CSM [5,9]. BTX-A injection is used to treat chronic migraine [10,26—-30]; According
to Blumenfeld et al., they performed two injections using 5 units on each side of the CSM for the
BTX-A injection into the CSM. The injection point is set 15 mm above the medial superior edge of the
orbital ridge. However, there is a discrepancy in the location of the CSM and STN between Caucasians
and Asians and it is inappropriate to apply the same techniques to Asians. Thus, it is necessary to
compare the location (or position) of these structures to treat chronic migraine effectively.

Janis et al. stated the STN entered the CSM approximately 15 mm superior to the supraorbital margin
and 19 mm lateral to the midsagittal line [12]. In the present study the point of entrance of the STN into
the CSM was 2 mm superior to the supraorbital margin and 16 mm lateral to the midsagittal line. Based
on these results, Asians and Caucasians have different anatomical morphology of the STN piercing point
to the CSM. In addition, Janis et al. found that in 84% of Caucasians, the STN entered the CSM;
however, in the present study, the STN penetrated the CSM in all cases. The STN entered the CSM as a
single nerve branch in type la and Ila; the STN bifurcated into two branches prior to entering the CSM
in type Ib and IIb. These results show that it is unclear whether Caucasians would be less
morphologically inclined to suffer from intramuscular compression than Asians. Furthermore, Asian
patients with type Ib and IIb morphological patterns are more likely to suffer from chronic migraine than
patients with Ia and I1la morphological patterns due to entrapment of nerve branches.

In general, the BTX-A injection has been recommended as 5 units per corrugator supercilii muscle
according to PREEMPT trial [8]. In the present study, the piercing point of the STN into the CSM was
measured. Side effects are dose related in botulinum toxin therapy. We propose that injecting a lower
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dose (for example 2.5 units) in our defined anatomical site may produce the same therapeutic effect with
a safer side effect profile. However, clinical trials using such lower doses are necessary in order to
confirm or refute the utility of injection at this anatomical point.

In summary, in addition to the descriptions of the STN provided in anatomy textbooks, there are cases
in which the nerve branches of the STN exit from the orbit along with the SON. Moreover, the STN
could comprise either one or two branches entering the CSM. Given the different nerve patterns of the
STN, it can be concluded that this nerve supplies the sensation to the medial part of the forehead as one
or two branches, and that it may not only have a different exit point, but also the same exit point from
the orbit. As show in the results, the STN’s path through the CSM was classified into four types
(Ia, Ib, Ila, IIb). Further research should focus on the clinical significance of the anatomical variations
among the four types.

4. Materials and Methods

Fifty-eight hemifaces from Korean (22 hemifaces, 9 left and 13 right; mean age, 71.8 years) and Thai
(36 hemifaces, 17 left and 19 right; mean age 73.4 years) cadavers were used for this study. An incision
was made at the coronal suture region. After reflecting the forehead scalp toward the orbit, a detailed
periosteum dissection was conducted, taking extreme care not to damage the underlying frontal belly of
the occipitofrontalis muscle, STN, SON, and CSM (Figure 3). The anatomical relationship between the
STN and CSM was observed on the dissected specimens.

Figure 3. Frontal view of the intact specimen (A) and after reflecting the scalp over toward

the orbit (B) (S: Superior, L: Lateral). SON: supraorbital nerve; STN: supratrochlear nerve;
CSM: corrugator supercilii muscle.

To indicate the point where the STN enters the CSM, the midsagittal line and the line connecting both
supraorbital margins were used as the vertical and horizontal reference lines, respectively. We used these
two reference lines when measuring the distance between the entry points of the STN and CSM using
digital calipers (catalog No. 500-196-20, Mituyoto, Kanagawa, Japan).
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The course of the STN within the CSM was classified into the following four categories based on the
type of emergence of the STN from the orbit (Figure 4):

Type la:  The STN emerges independently from the supraorbital notch region, and passes through
the CSM as a single nerve branch.

Type Ib:  The STN emerges independently from the supraorbital notch region, and bifurcates into
two branches prior to entering the CSM.

Type Ila:  The STN emerges from the supraorbital notch region with the SON and passes through
the CSM as a single nerve branch.

Type IIb:  The STN emerges from the supraorbital notch region with the SON and then bifurcates
into two branches prior to entering the CSM.
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Figure 4. Schematic illustrations showing the four patterns of the STN within the CSM.
5. Conclusions

The findings of the present study indicate that in addition to appearing as a single nerve branch,
the STN can also exist as two or more branches innervating the midforehead skin. The point at which
the STN enters the CSM can be regarded as a trigger point in the frontal region.
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