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The development of endonasal, endoscopic cranial base sur-
gery has permitted access to the anterior and inferior aspects
of the skull base using various surgical corridors.1–12 Endo-
scopic transmaxillary, transethmoidal, and transsphenoidal
approaches often rely on the collaboration between special-
ists in the fields of otolaryngology and neurosurgery. Many
approaches to the skull base either confront or come in close
proximity to the inferior orbital fissure (IOF). Nevertheless,
the IOF (also called the sphenomaxillary fissure) has been
neglected as an endoscopic surgical landmark.4,5,8,13–21

The IOF lies in the orbital floor in proximity to the
superior orbital fissure (SOF), foramen rotundum, ptery-
gopalatine fossa, infratemporal fossa, and temporal fossa.
Because trauma, tumor, and/or infection can affect all of
these structures or regions, understanding the anatomical
detail of the IOF is essential.22–27 Its anatomy was previ-
ously described in relation to an orbitozygomatic osteot-
omy,28–31 yet its comprehensive three-dimensional (3D)
anatomical relationships have not been described from an
endoscopic perspective.
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Abstract Considering many approaches to the skull base confront the inferior orbital fissure (IOF)
or sphenomaxillary fissure, the authors examine this anatomy as an important
endoscopic surgical landmark. In morphometric analyses of 50 adult human dry skulls
from both sexes, we divided the length of the IOF into three segments (anterolateral,
middle, posteromedial). Hemotoxylin- and eosin-stained sections were analyzed. Dis-
sections were performed using transnasal endoscopy in four formalin-fixed cadaveric
cranial specimens (eight sides); three endoscopic approaches to the IOF were per-
formed. IOF length ranged from 25 to 35 mm (mean 29 mm). Length/width of the
individual anterolateral, middle, and posteromedial segments averaged 6.46/5, 4.95/
3.2, and 17.6/ 2.4 mm, respectively. Smooth muscle within the IOF had a consistent
relationship with several important anatomical landmarks. The maxillary antrostomy,
total ethmoidectomy approach allowed access to the posteromedial segment of the
fissure. The endoscopic modified, medial maxillectomy approach allowed access to the
middle and posterior-medial segment. The Caldwell-Luc approach allowed complete
exposure of the IOF. The IOF serves as an important anatomic landmark during
endonasal endoscopic approaches to the skull base and orbit. Each of the three
segments provides a characteristic endoscopic corridor, unique to the orbit and
different fossas surrounding the fissure.
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In this study, we describe the microanatomic and endo-
scopic detail of the IOF, utilizing a morphometric analysis of
cadaveric dry skulls, endoscopic dissection of cadaveric speci-
mens, and histological examination of the IOF and surround-
ing areas. Particular attention is focused on the IOF and its
relationship to adjacent structures. An endoscopic classifica-
tion of the IOF is presented that has clinical application and
relevance during endoscopic skull base surgery.

Materials and Methods

Morphometric analysis of the IOF was completed in 50 adult
human dry skulls (100 sides) of both sexes. The distance of the
IOF from the anterior aspect of themaxillary strut to themost
anterolateral aspect of the fissure was measured with cali-
pers. The IOF was divided into three segments: (1) poster-
omedial, from the maxillary strut to the posterior border of
the infraorbital groove; (2) middle, the width of the infraor-
bital groove or canal at the IOF; and (3) anterolateral, from the
anterior border of the infraorbital groove or canal to the most
anterolateral aspect of the IOF (►Fig. 1). For each segment,
the widthwasmeasured in the posteromedial segment at the
anterior or exocranial aspect of the maxillary strut, middle
segment at the center of the infraorbital groove, and antero-
lateral segment at its anterior most aspect.

Histological sections of the human newborn head from the
permanent collection of the Institute of Anatomy (University
of Strasbourg, Strasbourg, France)were obtained fromectopic

pregnancies or spontaneous abortions. Coronal sections (340
µm) of the entire head were stained with hematoxylin and
eosin. Every 10th section was stained with Masson trichome
to critically examine the region of the IOF.

Cadaveric studies of four formalin-fixed cranial specimens
injected with colored latex were performed.32 Standard
instrumentation for endoscopic sinus surgery and 0-degree
nasal endoscopes (Medtronic, Jacksonville, FL) was used.
Images were recorded by a 1088 image capture device
(Stryker, Kalamazoo, MI). Eight IOFs were dissected using
three different corridors: total maxillary antrostomy and
ethmoidectomy; an endoscopic-modified medial maxillec-
tomy; and a combined endoscopic-modified medial maxillec-
tomy and Caldwell-Luc approaches.

Results

Morphometric Analysis
The IOF or sphenomaxillary fissure is defined as a space
between the lateral wall and floor of the orbit. This fissure
runs in an anterolateral direction from the maxillary strut
posteriorly to the zygomatic bone anteriorly. The IOF joins the
orbit with the pterygopalatine, infratemporal, and temporal
fossae. Posterolaterally, the IOF is bounded by the lower
margin of the orbital surface of the greater wing of the
sphenoid, laterally by the zygoma, posteromedially by the
orbital process of the palatine bone, and anteriorly by the
maxilla. In the posteromedial segment, the foramen rotun-
dum, superior orbital fissure, and pterygopalatine fossa com-
municate with the orbit and cavernous sinus, the middle
segment of the IOF communicates with the infratemporal
fossa whereas the anterolateral segment allows access to the
temporal fossa (►Fig. 2). The IOF is narrower at its center and
its long axis lies along the line between the zygomaticofacial
foramen and optic canal.

►Table 1 summarizes the measurements of length, width,
and segments of the IOF. Length averaged 29.1 mm (range: 23
to 35mm). Average lengths of the posteromedial, middle, and
anterolateral segments were 17.0, 5.0, and 6.5, respectively.
Average widths of the posteromedial, middle, and antero-
lateral segments were 2.4, 3.2, and 5 mm, respectively.

Histological Examination
Histological analysis confirmed the relationship of the IOF
and the various fossae identified above (►Fig. 3). Smooth
muscle was present filling the entire IOF in all specimens
studied.33 The superior aspect of this muscle has a direct
relationship with orbital contents, especially the inferior
rectus. Inferiorly, the muscle contributes to the roof of the
pterygopalatine fossa and its contents including branches of
the maxillary artery, rami of the maxillary nerve, and pter-
ygopalatine ganglion. The zygomatic nerve courses within
this muscle. Posteromedially, the muscle courses above the
maxillary strut and inferiorly to the annulus of Zinn, via the
medial and inferior aspect of the superior orbital fissure
extending to the anterior venous confluence of the cavernous
sinus. Anteriorly, this muscle spans the IOF from one bony
margin to the other.

Figure 1 Photograph of the right orbit illustrates osseous structures,
especially the three segments of the inferior orbital fissure (IOF).
Posteromedial segment, from the maxillary strut (MS) to the posterior
border of the infraorbital groove (IG). Middle segment, the width of
the infraorbital groove or canal at the IOF. Anterolateral segment, from
the anterior border of the IG or canal to the most anterolateral aspect
of the IOF. (Printed with permission from Mayfield Clinic). FR, foramen
rotundum.
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Cadaveric Study
The three approaches to expose the IOF included a total
maxillary antrostomy and ethmoidectomy, an endoscopic-
modified medial maxillectomy, and a combined endoscopic-
modifiedmedial maxillectomy and Caldwell-Luc approach. In
the first approach, a large maxillary antrostomy and anterior
and posterior ethmoidectomy were performed allowing

identification of the maxillary ostium, lamina papyracea,
sphenopalatine artery, and posterior nasal artery. The poste-
rior wall of maxillary antrum and the ascending process of
the palatine bone were removed using Kerrison rongeurs
providing access to the pterygopalatine fossa. Removal of fat
from this fossa exposed the sphenopalatine ganglion, vidian
nerve, infraorbital nerve, and branches of themaxillary nerve

Figure 2 Photograph of the right orbit illustrates communications to various fossae via the three segments of the inferior orbital fissure (IOF):
(A) Dry skull photograph of the bony vault of the right orbit. 1¼ Posteromedial segment communication with the pterygopalatine fossa.
2¼Middle segment communication with the infratemporal fossa. 3¼ Anterolateral segment communication with the temporal fossa. (B) Coronal
computed tomography (CT) image through the posteromedial segment of the IOF. Arrow demonstrates communication with the pterygopalatine
fossa. (C) Coronal CT image through the middle segment of the IOF. Arrow demonstrates communication in the region of the infratemporal fossa.
(D) Coronal CT image through the anterolateral segment of the IOF. Arrow demonstrates communication with the temporal fossa. Note
separation of this segment from the infraorbital nerve (arrow with dashed line). (Printed with permission from Mayfield Clinic).

Table 1 Morphometric Analysis in 50 Dry Cadaveric Skulls (100 Slides)

Skulls Length/ Width (mm)

Anterolateral Middle Posteromedial Total

Average 6.5/5 5.0/3.2 17.0/2.4 29.1

Maximum 11.0/8.7 10.0/6.0 22.0/4.2 35.0

Minimum 3.0/1.9 3.0/1.0 13.0/1.2 23.0

Highlighting the length and width of the three segments of the inferior orbital fissure.
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(V2) posterior to the internal maxillary artery. The maxillary
nerve was followed in a retrograde direction to the maxillary
strut exposing the posteromedial segment of the IOF.

By histological examination, smoothmusclewas identified
along the entire extent of the IOF. The muscle was intimately
associated with V2 from the foramen rotundum to the
infraorbital groove where the two structures diverge; V2
abruptly courses anteromedially while the muscle continues
anterolaterally in the IOF. Muller’s muscle overlies V2 in the
posteromedial segment. The maxillary antrostomy, total
ethmoidectomy approach did not allow visualization of the
middle and anterolateral segment of the IOF with 0-degree
endoscopy (►Fig. 4A).

To allow further access, a modified medial maxillectomy
approach preserving the nasolacrimal canal is used to gain
additional visualization of the IOF as the posterior two-third
of the inferior turbinate is removed using endoscopic scissors
and rongeurs. This allows working access to the middle

segment of the IOF. Smooth muscle is again identified in
the middle segment of the IOF; this muscle is above V2 in the
posteromedial segment and serves in the middle segment as
a roof of the infraorbital groove (►Fig. 4B).

With addition of a Caldwell-Luc approach to allow expo-
sure of the anterolateral segment of the IOF, a sublabial
incision is made under the upper lip and an anterior max-
illotomy gives access to themaxillary sinus. After opening the
anterior wall of themaxillary sinus, the infraorbital nerve and
artery and anterolateral portion of the IOF are identified. In
the anterolateral segment of the IOF, the muscle is relatively
thin, consisting primarily of connective tissue. All three IOF
segments are readily identified in the Caldwell-Luc approach
(►Fig. 4C).

Discussion

Our morphometric, cadaveric, and histologic evaluations of
the anatomy of the IOF better defined the relationship of this
structure to surrounding skull base foraminae and fossae,
thus establishing its importance as a landmark for endoscopic
cranial base surgery. Furthermore, our classification of the IOF
into three segments—specifically the posteromedial, middle,
and anterolateral segments–provides distinctive landmarks
to the foraminae and fossae of the anterolateral skull base.

Anatomical Considerations
The IOF is formed posterolaterally by the greater wing of the
sphenoid bone, laterally by the zygomatic bone, medially by
the sphenoid bodyand a short segment the palatinebone, and
anteriorly by the maxilla. This fissure lies along the infero-
lateral angle of the orbit, and separates the lateral wall from
thefloor in their posterior two-thirds. It is bound aboveby the
inferior margin of the greater wing of sphenoid bone, and
below by the lateral margins of the orbital surface of palatine
bone behind and that of maxilla in front. Posteriorly, the
foramen rotundum opens into it; just above this point, it
continues with the lower end of the superior orbital fissure.
The IOF is narrower in the center than at the extremities, wide
in its anterior end, and is completed by the zygomatic bone.

In two earlier studies, the IOF was divided into antero-
lateral, middle, and posteromedial segments.28,31 The first
segment, the anterolateral portion of the fissure, communi-
cates with the temporal fossa inferiorly. In our study, the
mean length and width of this portion was 6.5 and 5 mm,
respectively; these measurements concur with an earlier
study by Lang.34

The middle portion of the IOF connects the orbit to the
infratemporal fossa. This segment contains the entrance of
the infraorbital nerve and artery into the infraorbital groove
as described by Rahman et al.35 Access to the infratemporal
fossa is immediately lateral to the infraorbital nerve whereas
the pterygopalatine fossa is medial. Indeed, the infraorbital
groove or canal is in intimate relationship with the pterygo-
maxillary fissure, through which the pterygopalatine fossa
and infratemporal fossa communicate.36 Below the middle
segment of the IOF are the lateral pterygopalatine muscle and
internal maxillary artery. The mean length and width of this

Figure 3 Coronal histological section (100�) of the orbit/orbital apex
and at the level of the posteromedial segment (stained with hema-
toxylin and eosin). Muller’s muscle (MM) forms the roof of the
pterygopalatine fossa (PPF). Also identified are the medial aspect of
the greater wing of the sphenoid (GSW) and the second branch of the
trigeminal nerve (V2) coursing to the foramen rotundum, and the
relationship of MM to the inferior ophthalmic vein (IOV) near the
anterior confluence. Note where the superior ophthalmic vein (SOV)
and IOV join and enter the anterior aspect of the cavernous sinus, and
the course of MM inferior to the annulus of Zinn (AZ). (Printed with
permission from The Institute of Anatomy, College of Medicine,
University of Strasbourg).
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portion of the IOF are 5.0 and 3.2 mm, respectively; these
measurements differ from 4 mm and 1.5 to 2 mm, respec-
tively, reported earlier by Whitnall.37 We speculate that this
difference might be owing to our larger numbers or ages of
specimens (i.e., adult).

The posteromedial portion of the IOF lies above the
foramen rotundum and opens into the pterygopalatine
fossa. Inferior to this segment are the internal maxillary
artery and pterygopalatine ganglion.38 The second division
of the trigeminal nerve (V2) overlies this part of the IOF and
gives rise to the infraorbital nerve. The extracranial length
of V2 averaged 18 mm (16 to 21 mm) in a report by
Herzellah and 17.6 mm (13 to 22 mm) in our morphomet-
ric study.18

Using histologic examination, we noted that Muller’s
muscle coursed the entire length of the IOF. First described
in 1858 by Müller, it was later called the musculus orbitalis,

periorbital muscle, or Muller’s muscle.33,37,39,40 This muscle
is part of the orbital connective tissue system and represents
an evolutionary vestige from earlier mammalian history.37,41

Whitnall suggests that Muller’s muscle serves both as an
accessory muscle for lacrimal function and for protruding the
eye in mammals.37 It forms a bridge over the IOF and
separates the orbit from the pterygopalatine fossa, infratem-
poral fossa, and temporal fossa. In human fetuses, this muscle
was consistently present and occupied a large part of the
posteroinferior wall of the orbital cavity. Muller’s muscle is
surrounded by a thin, fascial periosteal sheath that covers the
bone of the IOF.

Muller’s muscle extends from the inferior part of the
cavernous sinus cranially, has an intimate relationship with
the annulus of Zinn, reaching the zygomatic and maxillary
bone caudally. This important landmark marks where the IOF
and SOF join the cavernous sinus. The superior surface of

Figure 4 Endoscopic views of cadaveric dissections of the right inferior orbital fissure (IOF) and illustrations depict endscope placement and the
corresponding three IOF segments (anterolateral, middle, posteromedial) for each view. (A) Endoscopic anatomy of the posteriomedial segment
of the IOF via the maxillary antrostomy, total ethmoidectomy approach. (B) Endoscopic anatomy of the middle and posteromedial segments of
the IOF via the combined maxillary antrostomy, total ethmoidectomy, and modified medial maxillectomy approaches (� maxillary sinus).
(C) Endoscopic anatomy shows the three segments of the IOF via the combined maxillary antrostomy, total ethmoidectomy, modified medial
maxillectomy, and Caldwell-Luc approaches. �infraorbital nerve and artery in the infraorbital groove medial to the IOF. Solid line¼ posteromedial
segment, dashed line¼middle segment, dotted line ¼ anterolateral segment. (Printed with permission from Mayfield Clinic.). MM, Mueller’s
muscle; MS, maxillary strut; PG, pituitary gland; SPA, sphenopalatine artery; V2, second branch of the trigeminal nerve.
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Muller’s muscle is associated with the orbital contents,
especially the inferior rectus muscle, the inferior branch of
the oculomotor nerve, and the inferior ophthalmic vein and
its tributaries. The inferior surface of the muscle is associated
with the pterygopalatine fossa and its contents, primarily the
maxillary, zygomatic, and infraorbital nerves, which are all
surrounded by adipose connective tissue.

Surgical Considerations
Recent reports have shown the capability of the endonasal,
endoscopic approaches to access the infratemporal fossa,
pterygopalatine fossa, orbit, and cavernous sinus.4,13–
17,23,36 Common pathologies in this region include extensive
juvenile nasopharyngeal angiofibromas that involve the pter-
ygopalatine and infratemporal fossae, trigeminal schwanno-
mas, meningiomas that extend extracranially into the
infratemporal fossa via the foramen ovale, and adenomas
that involve the parasellar cavernous sinus22–25,42 Although
the authors reported adequate removal of tumor, they did not
detail the anatomy essential to these approaches.

Asmentioned previously, the anterolateral third of the IOF
has been used extensively as a landmark for open skull base
surgery. In our morphometric and histological studies, the
IOF was a landmark for endoscopic approaches to the antero-
lateral skull base. The three segments, as described previ-
ously, led to distinct foraminae and fossae within the skull
base. With this knowledge, we compared three endoscopic
approaches including the endoscopic maxillary antrostomy
and total ethmoidectomy, modified medial maxillectomy,
and Caldwell-Luc approaches for access to the segments of
the IOF.

The maxillary antrostomy-total ethmoidectomy approach
allowed access to the posterior segment of the IOF. Consistent
with the histological and morphometric studies, this ap-
proach comfortably achieved access to the foramen rotundum
and pterygopalatine fossa. Addition of the modified endo-
scopic medial maxillectomy enabled visualization of the
middle and anterolateral segments of the IOF; this modifica-
tion permitted additional access to the pterygomaxillary
fissure and infratemporal fossa described earlier.43 Previous
studies have shown that access to the infratemporal fossa can
be achieved with a combined maxillary antrostomy and
Caldwell Luc approach.44 Addition of the Caldwell-Luc ap-
proach enhances visualization of the anterolateral segment of
the IOF and access to the temporal fossa, frontotemporal skull
base, and zygomatic arch. With knowledge of the fossae and
foraminae involved with tumor, endoscopic approaches can
be tailored to achieve the exposure needed for complete
visualization and removal of tumor. A keen anatomical un-
derstanding of the IOF and surrounding areas enables one to
surgically approach these tumors with the necessary endo-
scopic visualization and exposure.

Conclusion

Our examination of the morphometric and histological anat-
omy of the IOF led to its classification into three segments
relative to the infraorbital nerve and fossae, each adjacent to a

distinctive part of the IOF. In our cadaveric dissections, we
could match the specific segment of the IOF with a surgical
approach, thus confirming the IOF an important landmark for
endonasal endoscopic surgery of the skull base. Knowledge of
its anatomy can help both neurosurgeons and otolaryngolo-
gists who navigate in the region.
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