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Abstract Typically, the medial orbital wall contains an

anterior ethmoidal foramen (EF) and a posterior EF, but

may also have multiple EFs transmitting the arteries and

nerves between the orbit and the anterior cranial fossa. The

aim of this study is to determine a patient-friendly land-

mark of the medial orbital wall and to specify a precise

location of the ethmoidal foramens (EF) in order to stan-

dardize certain anatomical marks as safe ethmoidal arter-

ies. Orientation points on the anterior ethmoidal foramen

(AEF), posterior ethmoidal foramen (PEF) and middle

ethmoidal foramen (MEF) were investigated in 262 orbits.

Using a software program, distances between each foramen

and the midpoint of the anterior lacrimal crest (ALC), the

optic canal (OC), and some important angles were mea-

sured. The EFs were identified as single in 0.8 %, double in

73.7 %, triple 24,4 % and quadruple in 1.1 % specimens.

The mean distances between ALC and AEF, ALC and PEF

and ALC and MEF were 27.7, 10.6, and 12.95 mm,

respectively. The distances from ALC–AEF, AEF–PEF,

and PEF-OC were 27.7 ± 2.8, 10.6 ± 3.3, 5.4 ± 1 mm.

The angles from the plane of the EF to the medial border of

the OC were calculated as 13.2� and 153�, respectively.
The angle from the AEF to the medial border of the OC

was based on the plane between the ALC and AEF was

132�. The occurrence of multiple EF with an incidence of

25 % narrows the borders of the safe region in the medial

orbital wall. Safe distance of the ALC–EF was measured as

22.1 mm on medial wall. The line of the location of the EF

was calculated 16.2 mm. In this study, it was possible to

investigate the variability of the orbital orifice of the EF

and the feasibility of the EA, to observe various angles of

the orbital wall bones and to calculate the lengths of some

parameters with the help of certain software.
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Introduction

The ethmoidal foramens (EF) are small openings usually in

the medial wall of the orbit, and lateral to the medial end of

the optic canal (OC) [2, 3, 7, 17, 24, 28, 34]. Typically, the

medial orbital wall contains an anterior ethmoidal foramen

(AEF) and a posterior ethmoidal foramen (PEF), but may

also have multiple EFs transmitting the arteries and nerves

between the orbit and the anterior cranial fossa [9, 15, 28,

30–32].

The weakest point of the medial wall of the orbit is

where the EF leaves the ethmoid surface of the orbit. It is

this very point that the extremely thin bone provides the

least resistance to surgical instruments [3, 13, 15, 26]. It is

crucial to know the courses of the EA pre-operatively

because when the EA, which normally has a bony cover-

age, freely transverses within the ethmoidal cells, it can be

injured during procedures at the medial wall of the orbit [5,

22, 27–29].

In cases of surgeries, orbital decompression and endo-

scopic approaches, post-traumatic orbital reconstruction

and anterior skull base reconstruction, anterior ethmoidal
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artery (AEA) or posterior ethmoidal artery (PEA) can be

damaged [10, 21, 22, 28, 29, 34]. Injury to the EF may

result in massive hemorrhage, orbital hematoma, blindness

and optic neuropathy after the operation, unless the surgeon

has mastered in terms of foraminal features [11, 19, 33,

34]. The reason of unexpected bleedings during orbital

medial wall surgery is the cut, rupture or damage caused in

the EA through EF [6, 10, 13, 15]. In some cases, knowing

the location of the artery is life-saving [4, 5, 33].

Since the horizontal orientation of the EFs directly

affects the surgical procedure, previous morphometric

researches which were limited by the anatomical land-

marks might have contained some misleading information.

The aim of this study is to explain where bleeding occurs at

certain anatomical points along the medial wall.

Materials and methods

In this study, the reference points of the AEF, PEF and

MEF on the medial orbital wall were investigated in 262

orbits. None of the orbits was affected by the orbital

abnormally or disrupted anatomically due to a previous

orbital surgery or trauma.

Using the macro mode of a Nikon D 300 megapixel

camera, photographs were taken in the aperture priority

mode, with f7.1 diaphragm clarity. The skulls were fixed

horizontally and the images were taken by fixing the

camera 26 cm away from the orbital rim with help of a

tripod set at an angle of 78� from the horizontal surface.

The pictures were then uploaded onto a personal com-

puter and software (last edition of National Institute of

Health’s public software Image J 1.48v) was used to

calculate the distance of the medial wall of the orbit

(Fig. 1). With the software, the EF was chosen and its

sizes, distances, angles, and relations with other anatom-

ical structures were evaluated on right and left sides

separately (Fig. 2a, b).

Measurements from the midpoint of the anterior lacri-

mal crest (ALC), AEF, PEF, MEF and the medial border of

Fig. 1 Measurements in the medial wall using Image J 1.47 version.

ALC midpoint of the anterior lacrimal crest, AEF anterior ethmoidal

foramen, PEF posterior ethmoidal foramen, MEF middle ethmoidal

foramen, OC optic canal, circle shows result of measured angle, lines

those are lines of software angle tool which is dark gray on tool bar

due to selection, black arrows ethmoidal foramens

Fig. 2 a Measured lengths of reference points of the ethmoidal

foramens (lengths are in millimeter). b Calculated angels of reference

points. ALC midpoint of the anterior lacrimal crest, AEF anterior

ethmoidal foramen, PEF posterior ethmoidal foramen, OC optic canal
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the OC were taken. The distances measured between two

different points were as follows (Figs. 1, 2):

1. The distance between the ALC and the AEF,

2. The distance between the ALC and the PEF,

3. The distance between the AEF and the PEF,

4. The distance between the AEF and the MEF,

5. The distance between the PEF and the OC,

6. The distance between the MEF and the OC,

7. The distance between the ALC and the OC,

8. The angle between PEF–OC and OC–AEF,

9. The angle between AEF–OC and OC–ALC,

10. The angle between OC–PEF and PEF–AEF,

11. The angle between PEF–AEF and AEF–OC,

12. The angle between OC–AEF and AEF–ALC,

13. The angle between AEF–ALC and ALC–OC.

Descriptive statistics (mean, minimum, maximum and

standard deviation) were evaluated for all the parameters

collected from dry skull measurements. Differences

between the data of skull measurements were analyzed by

Student’s t test. For all the analyses p\ 0.05 was accepted

as statistically significant, while p\ 0.01 was accepted as

highly significant.

The study was approved by a suitably constituted Ethi-

cal Committee at Ege University Hospital Researches

Department, within which the work was undertaken, and

the study conforms to the Declaration of Helsinki

(14.04.2011).

Results

The observation of 262 orbits of dry adult human skulls

showed that the EFs were as identified the medial wall of

the orbit (Fig. 3a–d). The AEF, PEF and MEF were found

to be located at various numbers (Fig. 3a–d).

Out of 262 specimens, the EF followed a double-fora-

men pattern in 193 specimens (73.7 %); an AEF and a PEF

were defined as a double-foramen pattern (Fig. 3b). Sixty-

nine specimens (26.3 %) were demonstrated to have an

anatomical variation pattern which consisted of a triple and

a quadruple EF. Anatomical appearance of the EF occurred

as a single EF in 2 cases (0.8 %) (Fig. 3a), 3 EFs in 64

cases (24.4 %) (Fig. 3c), and 4 EFs in 3 cases (1.1 %)

(Fig. 3d).

The average distances between ACL and AEF, and PEF

and OC were 27.7 ± 2.8, 36.6 ± 4, 41.4 ± 3.8 mm,

respectively. The mean distances between AEF and MEF,

MEF and PEF, and AEF and PEF were 10.6 ± 3.3, 2 ± 1,

and 12.95 ± 2.80 mm, respectively. The anatomical land-

marks from ALC–AEF, AEF–PEF, and PEF–OC were

27.7 ± 2.8, 10.6 ± 3.3 and 5.41 ± 1 mm, respectively.

Fig. 3 Differences in the size

of the ethmoidal foramen on the

orbit. ALC midpoint of the

anterior lacrimal crest, AEF

anterior ethmoidal foramen,

PEF posterior ethmoidal

foramen, MEF middle

ethmoidal foramen, OC optic

canal, black arrows ethmoidal

foramens. a Single, b double,

c triple, d quadruple EF

localized on the orbital wall
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The angles from the plane of the EF to the medial border

of the OC were calculated as 13.2� and 153�, respectively.
The angle from the AEF to the medial border of the OC

was based on the plane between the ALC and AEF was

132� (Table 1).

For the anatomical waypoints of the EF, points of the

orbit that form the transverse lines are generated on the

ALC, AEF, PEF and OC. It may be mentioned that the

distances between those points are orientation points for

safety of EA (Fig. 4).

Discussion

The orbit can be affected by a large number of congenital,

traumatic, neo-plastic, vascular and endocrine disorders [4,

5, 11, 18, 20, 21, 26, 27, 33, 34]. Different clinical prob-

lems such as orbital decompression, frontoethmoidal sin-

onasal pathology, severe epistaxis, and orbital pathology

may require a surgical approach to the medial wall of the

orbit [10, 18, 21, 22]. The AEF and PEF, through which the

AEA and the PEA pass, are present in the medial wall

(Fig. 5). Sometimes, to prevent accidental traumatization

or when the artery requires to be connected, location of the

EA need to be identified for intervention. For this, defini-

tion of the location of arteries’ orbital opening holes is used

navigationally. Damage to these vessels can cause severe

hemorrhage and may result in urgent eye surgery, in cases

where orbital hematoma forms rapidly owing to the

retraction of the lacerated artery into the orbit [10, 19, 27].

Etiology of the orbital hematomas can be traumatic since

orbital fractures or pathological lesions such as Graves

ophthalmology increase the volume of the orbital contents

which results in a rise in the intraorbital pressure [28, 34].

An increase in intraorbital pressure influences vision and

leads to traumatic optic neuropathy [19, 27]. Surgery of

decompression of the OC through ethmoid cells is an

effective way to improve and restore vision [21, 27, 28,

33]. Lateral operation of the OC should be judged by the

distance between the anatomical landmarks and the orbital

medial wall in a different level.

Extra-cranial ligation of the EF is performed success-

fully for control of the EA prior to the resection of

hypervascular giant anterior skull base meningiomas,

Table 1 Minimal distances

between the ethmoidal foramens

and the reference points

ALC midpoint of the anterior

lacrimal crest, AEF anterior

ethmoidal foramen, PEF

posterior ethmoidal foramen,

MEF middle ethmoidal

foramen, OC the optic canal

Reference points Right Left Total

Distance from ALC to AEF 27.4 ± 2.7 28 ± 2.9 27.6 ± 2.8

22.1–35.1 21.9–34.9 21.6–25.1

Distance from ALC to PEF 35.2 ± 3.7 36.06 ± 4.24 36.6 ± 4

24.1–46.1 21.6–34.9 24.1–46.1

Distance from AEF to PEF 10.6 ± 3.2 10.62 ± 3.36 10.6 ± 3.3

4.3–16.2 5.7–19.34 4.3–19.3

Distance from AEF to MEF 12.6 ± 2.8 13.28 ± 2.8 13 ± 2.8

9–19 8.3–20.1 8.31–20.12

Distance from PEF to OC 7.3 ± 2.3 7.5 ± 2.9 7.4 ± 2.9

2.44–17.6 2.5–17.5 2.4–17.6

Distance from the MEF to OC 5.2 ± 1 5.6 ± 3.71 5.41 ± 1

2.4–17.6 3.6–8 2.4–8

Distance from ALC to OC 41.3 ± 3.9 41.43 ± 3.71 41.4 ± 3.8

32.9–60.8 34.6–50.2 32.9–60.8

Angle between PEF–OC and OC–AEF 18.5 ± 8.4 18 ± 8.8 18.24 ± 8.6

5.5–47 4–55 4–55

Angle between AEF–OC and OC–ALC 30.2 ± 6.9 31.3 ± 5.6 31 ± 6.2

13.6–50 16–43 13.6–50

Angle between OC–PEF and PEF–AEF 152.7 ± 12.7 154.5 ± 14 153.6 ± 13.3

100–172 95–175 95–175

Angle between PEF–AEF and AEF–OC 13.6 ± 7 12.8 ± 6.5 13.2 ± 6.7

5–50 4.8–41 4.8–50

Angle between OC–AEF and AEF–ALC 131.2 ± 10.3 132 ± 14.2 132 ± 12

108–156 109–159 108–159

Angle between AEF–ALC and ALC–OC 20.9 ± 6.3 21.21 ± 5 21 ± 5.7

10–57 9.7–40 9.7–57
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ethmoidal vessel ligation for epistaxis, explorations of the

medial wall fractures and orbital decompression surgery

[22]. Injuries to the EA coming through the EF during

operations on the orbit make surgical interventions longer

and augment the operating risk, especially for the structures

of the orbit [8, 11, 14].

It is an indisputable fact that success in surgical strategy

and planning mainly rely on surgeon’s knowledge of the

navigational landmarks of the EF; gaining the right hori-

zontal orientations of the medial wall, providing a shorter

surgery time, and avoiding complications [4, 27, 32, 33].

The present study has quantitatively analyzed the ana-

tomical landmarks of the EF, which have not been reported

previously.

Number

Classically, there is an AEF which transmits the AEA, vein

and the nerve, and a PEF, which transmits the PEA and the

nerve (Fig. 5b, d) [2, 6, 15, 25]. The multiple EFs transmit

EAs, similar to the AEF and the PEF [9]. The higher inci-

dence of multiple EF is clinically important as all ethmoidal

vessels need to be identified to ensure an effective control of

epistaxis. The MEFs play a significant role during medial

orbital wall surgery and inadvertent injuries to these arteries

can result in massive orbital bleeding [9].

A variation in EF number ranging from 1 to 6 has been

reported by previous researchers [1, 2, 6, 9, 25]. Abed et al.

[2] and Piagkou and co-authors [25] reported the cases of

quintuple EF. Similarly, in this study, quintuple EF was

identified in 1.1 % specimens (Fig. 3c). Multiple EF is

previously reported as unilateral with a range of 25–62 %

[16, 17, 20, 25, 31]. In our study, this incidence was

25.5 %. The accessory hole can be observed in approxi-

mately one of four orbits. The existence of quadruple EF

proves the presence of holes which are located on the

medial wall with frequent intervals. This is a misfortune in

terms of surgical intervention. It becomes risky to make an

intervention on the medial wall as the safe intervention

region has become narrow and there are quite a number of

arteries to be connected (Figs. 3c, d, 4).

Distance

The distances between the anatomical points on the medial

wall provide essential orientation information for surgeons

to prevent injury of the important neurovascular bundles.

The location of the AEF is important since it is a reliable

anatomical landmark for identifying the AEA (Figs. 4, 5)

[17, 23, 25, 27, 32, 34]. The ALC was used as a constant

landmark on the medial wall in the present study and pre-

vious studies since it can be easily located by palpation

(Figs. 4, 5) [17]. The anterior lacrimal crest is an important

landmark during orbital and oculoplastic surgery, external

dacryocystorhinostomy, as the anterior limb of the medial

canthal tendon attaches to the anterior lacrimal crest supe-

riorly [11, 27, 34]. Incision is made along the anterior lac-

rimal crest to enter the orbit. Remembering the mean

distance of ALC–AEF during skin, subcutaneous, medial

canthal ligament and lacrimal gland apparatus dissections,

allows the surgeon to have a safe entry to the anterior eth-

moidal neurovascular bundle (Figs. 4, 5).

Another important waypoint is the distance from the

PEF to the OC. In literature the mean OC–PEF distance

ranges 4.3–9.15 mm [5, 17, 24].

Safe distance of the ALC–EF was measured as 22.1 mm

on medial wall with spatial software technology in this

study (Fig. 4). The line of the location of the EF was cal-

culated 16.2 mm in present study. To damage accidental

traumatization of the EA may result in orbital surgery on

this line the medial wall (Fig. 4). The mean OC–EF dis-

tance measured in this study was 2.4 mm, which will be of

help to surgeons to avoid optic nerve injury (Fig. 4).

Orientational waypoints are valuable value for surgeons

on the delicate medial orbital wall. Traditionally, surgeons

have used the 24–12–6 mm rule for ALC–AEF, AEF–PEF,

and PEF–OC to navigate the medial wall structures [1, 14].

The waypoints have been reported with ratios of 26–14–12

[2], 25–11–6 [9], 24–10–7 [17] and 23–10–4 [24]. The

anatomical landmarks from ALC–AEF, AEF–PEF, and

PEF–OC was 27.7 ± 2.8, 10.6 ± 3.3, 5.4 ± 1 mm in this

study.

Fig. 4 The navigational area of ethmoidal foramens and the recom-

mended safety operating lateral view of the right orbit. ALC midpoint

of the anterior lacrimal crest, AEF anterior ethmoidal foramen, PEF

posterior ethmoidal foramen, OC optic canal. Dashed circular area

localization area of ethmoidal foramens, lines passing through the

landmarks
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Angle

Angles on the orbital medial wall are equally important as

the distances between the points. It was stated in the study

by Abed et al. [1, 2] that the angles from the plane of the

EF to the OC are calculated to be 32� and 112�, respec-
tively. The angle from the AEF to the OC based on the

plane between the ALC and AEF is 107�. In this study, the

angles from the plane of the EF to the medial border of the

OC were calculated to be 13.21� and 153�, respectively [2].

The angle from the AEF to the medial border of the OC

based on the plane between the ALC and AEF was 132� in
this study. Potential location of EFs and passing EAs

through the canal were demonstrated in Fig. 5. Variation

positions EF must remembered and utmost care must be

paid while approaching the area of the artery. Even though

there is a double arterial pattern in the orbit (Fig. 3b), it

must be remembered that there may be more number EF

patterns in the orbital wall (Fig. 3c, d). These arteries

which carry a potential risk of bleeding are important as

they may contain hidden traps for surgeons (Fig. 3b).

When compared with the studies of previous research-

ers, it is thought that there may be a difference resulting

from ethnic origin or measurement method. The measure-

ments are considered valuable since the method used was a

more standard one.

In this study, digital photometric methods were used to

collect linear, area and perimeter data of medial orbital

wall. The process of measuring photographs (photogram-

metry) has been routinely in odontological studies for

several decades, and is being employed in bioarchaeolog-

ical and forensic investigations concerning other anatomi-

cal structures as well. Photogrammetry has several

advantages over conventional measurements methods [8,

12, 24]. Another advantage of it is the opportunity to

preserve the material, which allows to repeat the

Fig. 5 The relationship between ethmoidal foramens and ethmoidal

arteries in the medial orbital wall. The superior orbital rim, the

superior orbital wall, the lateral orbital rim, and the lateral orbital wall

were exposed and the medial wall becomes visible (a, c single, b,
d double ethmoidal arteries; a, b supero-lateral view of medial wall,

c, d supero-anterior view medial wall). a The single EF and EA

pattern is presented on lateral view of medial wall. b The orbit with

double EF pattern is shown on the lateral view medial wall. c The

orbit sample with single EF is localized in the anterior direction of the

orbit. d The orbit with double EF pattern is presented anterior

direction of the orbit. ALC midpoint of the anterior lacrimal crest,

AEF anterior ethmoidal foramen, PEF posterior ethmoidal foramen,

EF ethmoidal foramen, OC optic canal, ON optic nerve, OA

ophthalmic artery, SOV superior ophthalmic vein, SR superior rectus

muscle, LPS levator palpebra superior muscle, SO superior oblique

muscle, arrows ethmoidal foramens
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measurements anytime, and to add new parameters in

subsequent measurements [8, 12, 24]. After getting the

digital images, they can be edited in image processing

programs like Photoshop to obtain any standard parameter

desired. The measurements may be performed by using

digital image processing and analysis softwares like Image

J, which is one of the most preferred processing and ana-

lysis, provided by National Institute of Health, available at

http://rsb.info.nih.gov.ij. The most important point in

measurements is to set a proper and visible scale for each

size, the scale can be set using this bar. Success of pho-

togrammetry depends on uniform lighting conditions,

placement of feature positions close to their actual posi-

tions in images, and providing accurate scales on the

images [12].

Increased pressure in the optic nerve due to an

external (depressed bone fracture, orbital tumors, or

hematoma) or internal (optic nerve edema in traumatic

optic neuropathy, inflammatory diseases or increased

intracranial pressure) mechanism causes optic nerve

dysfunction and results in ischemia with irreversible

vision loss if left untreated.

In our study, the measurements of these distances and a

description of the projection point may serve as crucial

clinical applications for localizing the EA, defining the

severity of arterial injury and detecting possible compli-

cations in preoperative planning and postoperative evalu-

ation. The development of spatial processing technology

provided a basis for obtaining valuable measuring points in

navigational approach (Fig. 4).

With the development of spatial software technology,

anatomical waypoints can be measured effectively. Applica-

tion of the three-dimensional technique overcomes the limi-

tationsof two-dimensional scans,making it possible toobserve

the orbital wall bones from various angles and calculate the

lengths of some parameters with certain software [8, 24].

Conclusions

An analysis of the variability of the AEF and PEF mor-

phology and the distances between its orbital opening and

selected topographical points which can be of significance

for clinical applications were investigated in this study.

Conflict of interest The authors declare that they have no conflict

of interests.
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