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ABSTRACT

Topography and branching pattern of the infraorbital nerve

Hyeon-Cheol Kim, D.D.S

Department of Dentistry,
The Graduate School, Yonsei University

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

The infraorbital nerve (ION) is the terminal brandh the maxillary nerve
and supplies the skin and mucous membrane of thleniportion of the face.
This nerve is vulnerable to such surgical procesluss removal of tumor on
the upper jaw, maxillary resection and deep ingirigs the orbitozygomatic
complex fractures. Severe pain and loss of sensenated on patients whose
ION were entirely or partially lost after such pedares. But, there are few
researches concerning the topography of this neifver this reason, we
performed this study through dissection of 43 haod@f of Korean cadavers.

In most cases, the infraorbital artery (IOA) wascaied at the middle
(73.8%) and superficial layer (73.8%) when exititige infraorbital canal. The
inferior palpebral branch was the smallest brandh ION, was generally
bifurcated (58.1%), and showed cases that only gaffe either the medial
(27.9%) or the lateral (14.0%) branch. The intermasal branch, while it

almost always appeared in all specimens, ran supdo the depressor septi
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muscle, along the ala of the nose, and supplied skie of the philtrum and
gave off terminal branch to supply the nasal sepwmd the vestibule of the
nose. The external nasal branch was distributeddirerse patterns ranging
between the root and the ala of the nose. Most ammtyn the nerve supplied
the inferior 4/5 portion of the nose (39.0%). Thepevior labial branch was
the largest and numerous of ION. These branche® werted into the medial
and lateral branches according to the area it ®rilbluited. As the branching
patterns of the external, internal nasal branch #red anterior, posterior branch
of superior labial branch, we classified four typeBype |, where all four
branches are separated was most frequent (42.1%).

These studies will help to preserve ION while perfimg such maxillofacial
surgeries as removal of tumor on the upper jawctdira of the upper jaw and

rhinoplasty.

Key words: infraorbital nerve, infraorbital spageternal nasal branch, distribution

area



Topography and branching pattern of the infraorbital nerve

Hyeon-Cheol Kim, D.D.S.
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|. INTRODUCTION

The infraorbital nerve (ION), one that is entiregensory, is the terminal
branch of the maxillary nerve, the second divis@nthe trigeminal nerve. This
nerve supplies the skin and mucous membrane of ntidgle portion of the
face that is derived from the maxillary prominenmie embryonic period (Moore
2003), When it emerges onto the face through thieaarbital foramen, it
divides into the inferior palpebral, lateral nasahd superior labial branches.
The inferior palpebral branches supply the skin ahd conjunctiva of the
lower eyelid, lateral nasal branches, skin over teral aspect of the external
nose, and superior labial branches, skin over theelc and upper lip, and the
related oral mucosa (Woodburne 1994, Moore 1998ndsing et al. 2005).

ION is vulnerable to such surgical procedures as tbmoval of tumor on
the upper jaw, maxillary resection, laser in sitardtomileusis (LASIK) and
zygomaticomaxillary cheek pedicled flap (Gianei al. 1995, Wolford et al.
1995, McCulleyet al. 2002, Ohki and Takeuchi 2002). Severe pain and los



of sense are noted on patients whose infraorbitatves were entirely or
partially lost after such procedures. On the ca$ecraniomaxillofacial bone
injury, most frequently it occurs in the form of badbzygomatic complex
fracture. In such cases, mostly patients experid@¥ damage and experience
anesthesia, hypoesthesia, or paresthesia on thaorbital area (Zingget al.
1992). The reason for the nerve impair is due sovitinity of orbitozygomatic
complex as it passes through the infraorbital sulgu the floor of the orbit to
exit through the infraorbital foramen and the pweton of the infraorbital nerve
into fracture line (Kristensen and Tveteras 1986ngéll and Lindqgvist 1987,
Vriens and Moos 1995, Vrienet al. 1998). Recently, efforts have been given
to save ION in operations of middle portion of tHace (Peltomaa and
Rihkanen 2000).

It has been suggested that bilateral infraorbitakva block is the local
anesthetic technique of choice for early repair abéft lip, repair of facial
lacerations, rhinoplasty, and endoscopic endonsalxill@ary sinus surgery
(Maravolo et al. 1991, Nicodemusst al. 1991, Lynchet al. 1994, Bdsenberg
and Kimble 1995, Mayeret al. 1997, Prabhuet al. 1999, Higashizawa and
Kosa 2001). In anesthesia of these surgeries, tiseribdtion area of the
infraorbital nerve is very important to predict atietic area and area of the
pain relief.

Although the knowledge of precise topography anstrithution area of the
infraorbital nerve need the preservation of cutaseosenses and precise
anesthesia, there are only few publications comogrithe topographic anatomy

of the nerve. For this reason, we performed thiglystto elucidate the course



it travels on the face, the extent to which it istbuted, and its anatomic

relations to surrounding structures.



1. MATERIALS AND METHODS

The observations were made on ION from 43 hemifgcesle:26, female:17)
of embalmed Korean cadavers, mean age 64.6 (32010 abe). To study the
precise course it runs and the extent to whichmiteivates, cadavers that didn't
have any history of trauma or surgical procedurastiee middle portion of the
face were used.

After the dissection of the whole dermal layer waarried out, the
orbicularis oculi and levator labii superioris miesc were exposed. The lower
portion of the orbicularis oculi muscle was theeveted, and the origin of the
levator labii superioris muscle was snipped off tmveil the infraorbital
foramen, and ION and the infraorbital artery (IOfjat travel through it. The
observed items were as follows.

a. The relations between the ION and the I0A : Ae¢ site, where ION and
IOA exit into the face through infraorbital foramethe relative position of
the nerve and the artery was observed, horizontallg vertically.

b. The traveling and distribution patterns of thdefior palpebral branch (fig.
1) : Based on the orbicularis oculi muscle, theaacé the inferior eyelid
was divided horizontally into three regions to aliseprecise extent that the
inferior palpebral branch distributes and to obseitg branching pattern.

c. The running and distribution patterns of theeinél nasal branch : As the
internal nasal branches exit through the infraatbforamen and travel into
the nasal septum, their path and the patternssofligtribution were studied.

d. The distribution patterns of the external nabehnch (fig. 2) : The area



between the root and the ala of the nose was dividéo five regions to
study the distributing patterns of the externalahdsranch.

e. The distribution patterns of the superior labimbnch (fig. 3) : Based on
center region of the upper lip, the ala of the nomed the mouth coprner,
superior labial area was divided into three regiomsstudy the innervation

of the superior labial branch.

g

Figure 1. Based on the orbicularis oculi muscleg #@rea of the inferior eyelid was

divided horizontally into three regions.



Figure 2. The area between the root and the alghef nose was divided into five
regions.

~~/
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Figure 3. Based on center region of the upper tlyg, ala of the nose, and the mouth
corner, superior labial area was divided into thregions.

f. the relations between the external nasal, ialermasal, and medial and lateral
branch of the superior labial branches (Fig. 4) t: the site of emergence

of the infraorbital nerve through the infraorbitdbramen, the infraorbital



nerve was observed of its branching patterns of dkernal, internal nasal

branches, and the medial, lateral branches of utsersor labial branch. The

patterns were classified into four types.

type [: all four branches were separated from each ottietha inferior
orbital foramen.

type II: the external and internal nasal branches were ragh while the
medial, lateral branches of the superior labialnbhawere fused.

type III: the external and internal nasal branches weredfugeile the medial
and lateral branches of the superior labial brawehne separated.

type IV: the external and internal nasal branches weredfuaad the medial

and lateral branches of the superior labial brawehne also fused.

M

Type 1 Type 11 Type 111 Type IV

Figure 4. The branching patterns of ION. E, externasal branch; I, internal nasal
branch; M, medial branch of the superior labial nofg L, lateral branch of the

superior labial branch.

g. the infraorbital component that passes througtessory infraorbital foramen
Observations were made on the existence of theesaory infraorbital

foramen and its components.



1. RESULTS

When ION exits the infraorbital foramen, it divideshto many different
nerves that could be classified into five branch@$e inferior palpebral branch
innervated the skin of the inferior eyelid and tlenjunctiva. The external
nasal branch innervated the skin of the laterafasar of the nose. The internal
nasal branch innervated the nasal septum and #fbuke. The medial branch
of the superior labial branch innervated the skm tbhe center portion of the
upper lip and its mucosa. The lateral branch of #uperior labial branch
innervated the skin of the lateral side of the wplye and its mucosa (Fig. 5).
The many branches of ION are complexly entangledth@ infraorbital space,
or the canine space. The upper corner of the caspaze is bounded on the
origin of the lavator labii superioris muscle, tlmver corner on the orbicularis
oris muscle, the lateral corner on the levator &nguis muscle, and the
medial corner on the levator labii superioris alaemqasi muscle (Fig. 6). Also,
because the branches of ION are observed to desgemidally while those of
the facial nerve (FN) transverse horizontally ire tbanine space, The nerves in
this space were named as the infraorbital nerveuplgFig. 7).

In most cases, IOA was located at the middle of itifeaorbital nerve and
foramen when exiting the infraorbital canal (31/423.8%). There were cases
where it was lateral and medial location of ION 19.1% (8/42) and 7.1%
(3/42), respectively (Fig. 8). Also, IOA was mostkuperficial layer (31/42,
73.8%) to ION, and there were cases where it waddimilayer (7/42, 16.7%)
and deep layer (4/42, 9.5%) to the nerve (Fig. 9).



Figure 5. The general patterns of the infraorbitarve. IP, inferior palphebral branch;
EN, external nasal branch; IN, internal nasal bnar/dS, medial branch of the superior
labial branch; LS, lateral branch of the superiabidl branch.

Figure 6. The canine space (CS). LLSAN, levatoriilsperioris alague nasi muscle;
LLS, levator labii superioris muscle; LAO, levatanguli oris muscle; Ori, orbicularis
oris muscle.



Figure 8. The horizontal relation with the infraibab artery and the infraorbital nerve.
The infraorbital artery was located at the media), (middle (B), lateral (C) of the
infraorbital nerve and foramen when exiting theraofbital canal. Arrowheads indicate
the infraorbital artery. The black lines indicataiperior margin of the infraorbital
foramen.

_10_



Figure 9. The vertical relation with the infraodditartery and the infraorbital nerve.
The infraorbital artery was located at the sup&fidayer (A), middle layer (B) and
deep layer (C). Arrowheads indicate the infraotbdgaery. s, superficial layer; d, deep
layer.

The inferior palpebral branch was the smallest dmawf ION. This nerve
was generally bifurcated (58.1%), one medial andtler lateral to the orbit,
and showed cases that only gave off either the ahgd7.9%) or the lateral
(14.0%) branch (Fig. 10). In many cases, the iofepalpebral branch supplied
the entire area of inferior eyelid (55.8%), but 116.3%, it supplied only the
medial 1/3 portion, in another 16.3%, the medid, 2ind in 11.6%, the lateral
2/3 portion of the inferior eyelid (Fig. 11).

The internal nasal branch appeared in all cadayacismens, which was
surprising because it was rarely described in taxtks. The nerve exited the
medial portion of the infraorbital foramen and dmsted down the face along
the nose and around the ala of the nose and pasgmficial to the depressor
septi muscle. Finally, the nerve supplied the nasgdtum and the vestibule of

the nose (Fig. 12-A). But before the nerve supplied nasal septum, in some
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cases it gave off branches to the skin of the mpimit (Fig. 12-B) and in

others it gave off branches to the nasal septum tanthe skin of the philtrum

as it exit the infraorbital foramen (Fig. 12-C).

Figure 10. The patterns of the inferior palpebrarve. (A) bidirectional branch, (B)
medial branch, (C) lateral branch. Arrowheads iatic medial branch and arrows
indicate lateral branch.

A B c ‘ D

Figure 11. The distribution areas of the inferialpebral nerve. (A) entire area of the
inferior eyelid, (B) medial 1/3, (C) medial 2/3, carfD) lateral 2/3.

_12_



Figure 12. The course patterns of the internal Indwsanch. The black arrowheads
indicate the branch which distributes nasal septand nasal vestibule. The white
arrowheads indicate the branch which distributes s the philtrum.

The external nasal branch supplied the lateral siinthe nose, and was
distributed diversely ranging from the root and tie ala of the nose. In
26.8% (11/41) the branch was found to supply frdme tla and below (the
inferior 2/5 portion of the nose) (Fig. 13-D), aim 22.0% (9/41) it supplied
even wider, the inferior 3/5 portion of the nosdg(F13-C). Most commonly,
the nerve supplied the inferior 4/5 portion of these (39.0%, 16/41) (Fig.
13-B), and in 12.2% (5/41) it was found to inneevdahe entire area from the

ala to the root of the nose (Fig. 13-A).

A B Cc D

Figure 13. The distribution areas of the externasah branch.

_13_



The superior labial branches were the largest amchenous of the terminal
branch of the ION, and were distributed the mosundantly. The nerve
supplied the skin and mucous membrane of the upperin 25.6%, the nerve
was distributed from the center of the lip to theuth corner (Fig. 14-A) and
in 74.4%, it went even further lateral to the mouwbrner (Fig. 14-B). The
branches of the superior labial branch were claskiinto the medial branches
which were distributed center area and lateral divas which were distributed
lateral area of the upper lip (Fig. 15). Also, ifi aases, most lateral tiny
branch to the lateral branches of the superioralalbranches communicated

with the zygomatic branch of the FN (Fig. 15).

e .
A B

Figure 14. The distribution areas of the superaidl branch.

As the branching patterns of the external nasdkrial nasal branches, and
the medial and lateral branches of superior labignches, we classified into
four types. Type I, where all four branches are separated was found i
42.1%. Type II, where two nasal branches are separated and twericu

labial branches are merged was 21.1%. tyde where only two branches of
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superior labial branch are separated was founde@lii%. The least case was
type IV (15.7%), where two nasal branches and two supddbial branches
were merged, respectively (Fig. 16).

The accessory infraorbital foramen was found in &es (14%). The nerve
component that exited through the accessory infitedr foramen was observed
to be either the inferior palpebral branch (3/430%), or the external nasal

branch (3/43, 7.0%)(Fig. 17).

Figure 15. The communication with the infraorbitaérve and the facial nerve (FN).
Arrow indicates medial branch of the superior lab@anch. The black arrowhead
indicates lateral branch of the superior labialnbla The white arrowheads indicate
most lateral tiny branch most lateral to the Idtebmanches of the superior labial
branches communicated with the zygomatic branchthef facial nerve. The dotted
circle indicates the communication of the infratabinerve and the facial nerve.

_15_



Type 111 Type IV
Figure 16. The branching pattern of the infraotbiteerve. I[P, inferior palphebral

branch; EN, external nasal branch; IN, internalahdsanch; MS, medial branch of the
superior labial branch; LS, lateral branch of thgesior labial branch.

_16_



Figure 17. The accessory infraorbital foramen ahd tomponent of the nerve which
exits through accessory infraorbital foramen. Aread indicates inferior palpebral
branch and arrow indicate external nasal branch.

In all cases, the parotid duct pierced through thaxillary portion of the
buccinator to enter the oral cavity at the parogtidpilla. Also, the external
layer (tunica adventitia) of the parotid duct wasntmuous with the buccinator
fascia (a part of the buccopharyngeal fascia).

Through the meticulous dissections, distinct smalliscle fibers originating
from the buccinator were extended into the exterfsler of the terminal
portion of the parotid duct (Fig. 2). These musdibers were observed
constantly in all cases and the length of the neudiders extending into the

terminal portion of the parotid duct varied fromndn to 10 mm.
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V. DISCUSSION

Many anatomy text books simply sort the branchesl@Mf into the inferior
palpebral, external nasal, and superior labial diras, and describes them as
entirely sensory nerves that innervate the middbetign of the face, and no
more (Woodburne 1994, Moore 1999, Standrigigal. 2005). Unlike the way
many textbooks describe the branching pattern dfl I& simple, its branches
are hazardously entangled in the infraorbital ama shows many variation in
their distribution patterns. In addition, the Tenwlbgia Anatomica classified the
branches of ION into four branches (inferior paladb external nasal, internal
nasal and superior labial branch) (FCAT 1998). his tstudy, the internal nasal
branch was found in all samples. The internal ndsahch exited the medial
portion of the infraorbital foramen and descendedvid the face along the nose
and around the ala of the nose and passed supkrfithe depressor septi
muscle. Finally, the nerve supplied the nasal sepand the vestibule of the
nose (Fig. 12). In some cases it gave off brandbes;nervate the skin of the
philtrum before entering the nose to supply theahaseptum. Such internal
nasal branch should be watched out when perfornsaggeries in the nasal
area, especially when performing on the ala of nbse and the depressor septi
muscle as does the rhinoplasty.

When ION exits the infraorbital foramen, all thrdwanches excluding the
inferior palpebral branch, runs downward. The ioftatal space (canine space)
exists inferior to the infraorbital foramen, and NChat travels downward and

the facial nerve that travels transversely formedrabrbital nerve plexus in
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here. The two nerves that from the infraorbital vieeplexus either met or just
crossed over the other and were entangled hazdydolise infraorbital space

is vulnerable to orbitozygomatic complex fractumsjch surgical procedures as
the resection of maxillary tumor and maxillary disson because it is located
at the center of the face. On performing surgery tioé middle face, the

infraorbital nerve plexus should expecially be takeare of. In addition, in

case of severe odontogenic infection, the spreadihghe infection commonly

occurs in this space (Al-Belasy and Hairam 2003he Tinfraorbital space is
bounded medially on the levator labii superiorisgaile nasi muscle, laterally
the levator auguli oris muscle, and its superiorrgima on the origin of the

levator labii superioris muscle, and its inferiorangin on the orbicularis oris
muscle. The space was covered by the levator Elgierioris muscle. Thus in
case of surgeries, each boundary should be markezh weaching this space to
preserve the infraorbital nerve plexus.

In case of maxillary surgery or anesthesia IONjsitimportant to know the
precise area ION distributes to predict area ofstmesia and to find the
damaged area. Branches of ION distributed a widgea Hwanget al. (2004)
described and marked the distribution of ION in eum values, but because
each people have heads of different sizes, it wdaddmore helpful to surgical
procedures if marked in ratio. The inferior pal@dbrbranch was most
commonly found to supply the entire area of theeriot eyelid (55.8%), and
most rarely was found to supply only the laterattipa (11.6%). Such pattern
is closely related to the branching pattern of therior palpebral branch. In

58.1%, most commonly the inferior palpebral brardikided into two smaller
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branches that run bilaterally, and least commonéd tonly a lateral branch
(14.0%). When it only had the lateral branch, thetemal nasal branch
compensated for the absence of the medial branath, véhen it only had the
medial branch, the zygomaticofacial branch of thaexittary nerve compensated
for the absence of the lateral branch and innedvéite area instead.

In 39.0%, most commonly the external nasal brangbpleed the inferior 4/5
portion of the nose, and in 5 cases it supplied g¢hdre nasal area. This was
so when the medial branch of the inferior palpeldyednch was absent. Also,
when the external nasal branch supplied only therior 2/5 or 3/5 of the
nose, the medial branch of the inferior palpebrednbh extended to the skin
of the root of the nose. The superior labial bramistributed most widely of
the four branches of ION, and according to the ateaupplies, its branches
could be classified into two distinct branches; rmakdbranch and lateral
branch (Fig. 5, 15). Most frequently (74.4%) it plgd from the middle of
the upper lip to the lateral portion of the moutbrner. The medial branch ran
toward the center of the upper lip and when it lneacthe center it perforated
into the skin and mucosa of the lip. There were cases where the left and
right medial branches met or innervated other sitte.the case of facial
arteries that supply the upper lip, if one of theeobranch was dominant to
the other, the dominant artery suppilied other siddike nerve (Kohet al.
2003). This is due to their difference in developineThe maxilla is formed
by the fusion of the two maxillary prominences dfetfirst pharyngeal arch,
but because the distribution of the maxillary netfgealready done before the

fusion, nerve of one side of the face would notemmate the other side even
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after the fusion has occurred. In all cadavers etheras most lateral small
branch to the lateral branch of the superior labi@nch. This branch always
communicated with the zygomatic branch of the ntexil nerve. Hwanget al.
(2004) described the infraorbital plexus as thee siwhere FN and ION
communicated. A hazardous zone of infraorbital péexs found in a circle 36
m in diameter. Its center is located 2@ below the infraorbital foramen.
Although the facial and maxillary nerves met in tiraorbital plexus, this
had occurred between the external nasal branch BNd or between the
superior labial branch and FN. The communicatice $ound in this study was
not only the infraorbital plexus but also the lateside of the face. In all
cases the lateral branch of the superior labialndiragave off a small
independent unit to run lateral and communicateh viiN. Like the way ION
and the zygomatic branch communicated, there armynmaported cases where
the sensory nerve of the trigeminal nerve and thetom nerve of FN
communicated; the auriculotemporal nerve and theialfanerve trunk, the
zygomaticotemporal nerve and the temporal brangk, Zygomaticofacial nerve
and the zygomatic branch, the infratrochlear neawel the zygomatic branch,
the buccal nerve and the buccal branch, the memtate and the marginal
mandibular branch. However, the function of thesenmunications between the
sensory and motor nerves is not yet to be knowgudss that function of the
sensory nerve is proprioception of the muscle.

Studying the location of the artery in relations tte nerve when exiting the
infraorbital foramen, Kazkayastt al. (2003) described the artery to be always

medial-superior to the nerve, a result that cohttasours. In this study, I0OA
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was mainly superficial-middle to ION, and showedhest various patterns.;
deep, medial, lateral to the nerve, or even mixBds difference is thought to
have occurred due to the use of small number (2gsjaof specimens.

The incidence of the accessory infraorbital foramers 14.0%. This
incidences reported are various from 2.2% to 18.2¥pending on the
researcher (Berry 1975, Canah al. 1975, Hindy and Abdel-Raouf 1993, Leo
et al. 1995, Azizet al. 2000, Kazkayaskt al. 2001). This accessory foramen
was always medial-superior to the main foramen Ims tstudy. However,
Kadanoff et al. (1970) classified the location of the accessorsarften into Six
various types, and Leeat al. (1995) included the medial-superior location and
had seven classifications. Our accessory foramensdcnot classified into the
six types of Kadanofit al. (1970), but were of the medial-superior positidn o
Leo et al. (1995). The nerve components that exit through #eeessory
foramen were examined to be the inferior palpelsednch (7.0%) and the
external nasal branch (7.0%). When the inferiompglatal branch exited through
the accessory foramen, the medial branch of theriorf palpebral branch was
missed. But, when it was the external nasal branictexited through all of
accessory and main foramen.

The most frequently occurred branching pattern @N Iwas type | where all
branches exit the foramen as separate branche&%§f2and depending on its
merging pattern it showed variances. However, stickions always occurred
between nasal branches, and between superior I|dinahches, and never
between the nasal and labial branches. In additwmen the nerve exited the

infraorbital foramen, the branches were always tetafrom medial to lateral,
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external nasal, internal nasal branches, medial &idral branches of the
superior labial branch. Thus when this topograptatations of the nerves are
well understood, | think that selective anesthesfidON could be performed.

| think that these results will help to preserve NIOwhile rhinoplasty,
Caldwell-Luc operations, tumor surgery, reductidntloe orbital floor and malar

fracture and LeFort]l type osteotomy.
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V. CONCLUSION

Unlike the way many textbooks describe the brarghipattern of the
infraorbital nerve as three branches, ION was iflads into four branches
(inferior palpebral, external nasal, internal nasatl superior labial branch). The
internal nasal branch exited the medial portiontlod infraorbital foramen and
descended down the face along the nose and ardwedala of the nose and
passed superficial to the depressor septi musdtaally; the nerve supplied the
nasal septum and the vestibule of the nose.

The branch of ION always communicated with the zwgtc branch of the
maxillary nerve at not only infraorbital plexus balso lateral site of the face.
In all cases the lateral branch of the superioialabranch gave off a small
independent unit to run lateral and communicateh viAN.

As the branching patterns of the external nasdkrmal nasal branches, and
the medial and lateral branches of the superionallalbranches, ION was
classified into four types. The most frequently weced branching pattern of
ION was type | where all branches exit the foram&® separate branches

(42.1%), and depending on its merging pattern gwsdd variances.
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