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Abstract
Objectives

To perform an adequate orbito-zygomatic craniotomy, it is very important that the bone cut which passes
through the body of the zygoma reaches the inferior orbital �ssure (IOF). To reach the IOF, two surface
landmarks on the body of the zygoma are described: a point located directly superior to the malar
eminence and the zygomaticofacial foramen. The article explores the reliability of these landmarks and
three other alternative points to reach the IOF.

Method

Eighty-three adult skulls were used in this study. The IOF dimensions and the relationship with the malar
eminence, the point superior to the malar eminence, the zygomaticofacial foramen and 3 alternative
points (E, C, F) were analyzed.

Results.

The malar eminence was unacceptable for use as a guide to the IOF. The point superior to the malar
eminence was also unacceptable as a guide as only 9.4% and 10.9% were in the projection of the IOF on
the right and left, respectively. 59.7% of the total zygomaticofacial foramina fell in the IOF projection. The
point F fell in the projection of the IOF in 98.8% and 100.0% on the right and left, respectively.

Conclusion.

The use of the malar eminence as a guide to reach the IOF is unreliable in one third of cases as it is not
easily identi�ed intraoperatively in these cases. The zygomaticofacial foramen cannot be considered a
reliable surgical landmark to reach the IOF. The authors recommend using the point “F” which is reliable
in 98.8-100% of cases.

Introduction
The orbitozygomatic approach was proposed in 1984 [6]. It is used for a wide range of pathology, with a
rather variable both intra-and extracranial localization. The orbitozygomatic craniotomy has been shown
to offer the best angle of approach and working area compared to other craniotomies in this region [5]. It
allows a surgeon access to the middle fossa, sellar region, the anterior fossa and the posterior fossa [11].
The advantages of the two-�ap over the single �ap orbitozygomatic craniotomy [12] are undoubted.
Recent modi�cation by Alvaro et al. includes a 3-piece approach [2]. The most commonly used version is
the two-�ap orbitozygomatic craniotomy, which was described in 1998. In an article by J.M. Zabramski,
the author gives a detailed description of performing an orbitozygomatic bone �ap [14]. For this method 6
bone cuts are performed (Fig. 1).
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According to Zabramski et al., one of the most di�cult osteotomies is the third one, which begins on the
body of the zygoma extending perpendicular to the inferolateral border of the orbit and then runs along
the lateral wall of the orbit ending in the anterolateral edge of the inferior orbital �ssure (IOF). The
importance of this bone cut is mentioned in the anatomy works of C. Martins et al. [10]. In order to
perform an orbitozygomatic craniotomy with as little retraction on the contents of the orbit as possible,
the osteotomy should be extended to reach the IOF (Fig. 2). Zabramski et al. suggested that the starting
point of the third bone cut should lie immediately above the malar eminence. From this point a line is
drawn perpendicular to the inferolateral border of the orbit towards the IOF [14]. A number of authors also
propose using the zygomaticofacial foramen as a guide. According to classical anatomy works, there are
usually two zygomaticofacial foramina on each side through which the zygomaticofacial nerve and
artery pass. The nerve is a branch of the zygomatic nerve, one of the terminal branches of the maxillary
nerve (V2). Its zone of innervation overlaps with other branches of the trigeminal nerve, therefore sensory
disorders do not occur when it is damaged [10, 7].

We did not �nd data in the literature on the possibility of using the above-mentioned landmarks
depending on the width of the IOF. Also, there is no data on the distance from the inferior edge of the orbit
to the anterolateral border of the IOF or the value of such landmarks as malar eminence and
zygomaticofacial foramen in relation with each other and their variations.

Objectives

1. To examine the effectivity of the zygomaticofacial foramen and malar eminence when performing an
adequate orbitozygomatic craniotomy

2. To introduce and examine 3 alternative points E, C, F identi�ed on the body of the zygoma when
performing an orbitozygomatic craniotomy

Materials And Methods
The morphology of the orbitozygomatic complex was studied on 83 adult human skulls from the
fundamental anatomic museum at the Department of Human Anatomy of Saratov State Medical
University named after I. I. Razumovsky. All the skulls belonged to natives of Saratov and Saratov region
who lived in this territory in the 20th century. The main inclusion criteria in the study were preservation of
bone structures and unaltered skull anatomy. Measurements were made using nearly 0.01 mm scale
spreading calipers according to the conventional methods of craniology. All skulls were divided according
to age, sex, skull shape and basilar angle type. The anterolateral IOF margin width (Fig. 3a) and the
distance from the anterolateral point of the IOF along the inferolateral edge of the orbit extending to the
inferior margin of the orbit was measured (Fig. 3b).

Other variables included: presence and prominence of the malar eminence, number of zygomaticofacial
foramina, their diameter, and the distance between each zygomaticofacial foramen and the inferior
margin of the orbit. The projection of the anterolateral margin of the IOF on the body of the zygoma is the
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zone located between the two vectors. The �rst one begins from the superior edge of the anterolateral
edge of the IOF, continues vertical to the inferolateral edge of the orbit and crossing the body of the
zygoma. The second line begins from the inferior edge of the anterolateral part of the IOF and continues
vertical to the inferolateral edge of the orbit, and then crosses the body of the zygoma (Fig. 3c). The
possibility of �nding the malar eminence and zygomaticofacial foramina in the area of IOF projection on
the body of the zygoma was assessed (Fig. 3d).

The use of three alternative points – E, C, F (identi�ed on the body of the zygoma when performing the
orbitozygomatic craniotomy) to reach the IOF was examined. A line was drawn across EC on the body of
the zygoma. The EC segment is drawn on a line marked “b” an extension of a line from the lower edge of
the zygomatic process onto the body of the zygoma. This line runs parallel to the other line “a” which
extends from the superior edge of the zygomatic process. From point B, located on the elevation of the
lateral edge of the frontal process of the zygoma, a vertical line is drawn to intersect the line “b” at point C
i.e., line BC. Another line perpendicular to line "b" is drawn from point D which is the point located on the
medial edge of the frontal process of the zygoma, to the point E on the body of the zygoma i.e., line “DE”.
A midpoint between E and C is marked point F (Fig. 4).

Results
The distance from the lateral point of the IOF to the lateral edge of the orbit was 16.2 ± 2.1 mm (median
16 mm, range of 11–22 mm), and 16.1 ± 2.1 mm (median 16 mm, range of 11–21 mm) on the right and
left respectively. The width of the IOF on the right side was 5.2 ± 2.4 mm (median 5 mm, range 2–18 mm),
and on the left side 5.1 ± 2.6 mm (median 4 mm, range 2–19 mm) (Fig. 5).

We evaluated malar eminence for its use as a guide to the third bone cut. If the malar eminence was easy
to identify on the body of the zygoma and no di�culties arose when identifying the place of the third
bone cut, then such an eminence was labeled an acceptable landmark. Conversely, an absent, barely
palpable or very wide eminence was considered unacceptable (Fig. 6). The malar eminence was an
unacceptable landmark in 36,1%(N = 30) on the right side and 33,7%(N = 28) on the left side. In cases with
acceptable malar eminence, the point located immediately superior to it did not fall into the projection of
the IOF on the right side in 9.4%(N = 5) and in 10.9%(N = 6) on the left side (Fig. 7). The number of
zygomaticofacial foramina ranged from 0 to 4 small foramina. One foramen was present on the right in
42,2%(N = 35) and 44,6%(N = 37) on the left. Two foramina were found in 37.3%(N = 31) on the right side
and in 36.1% (N = 30) on the left side, three foramina on the right – in 12.0% N = 10 and on the left - in
8.4% (N = 7), and four foramina on the right in 3.6%(N = 3) and on the left in 4.8%(N = 4). The
zygomaticofacial foramen was not visualized on the right in 4,8%(N = 4) and on the left – in 6,0%(N = 5).

For skulls with one zygomaticofacial foramen, its average diameter was 1.7 ± 0.8 mm (median 2 mm,
range 0.2-3 mm) on the right and 1.9 ± 0.8 mm (median 2 mm, range 0.2–3.5 mm) on the left. In cases
with two zygomaticofacial foramina on the right, the average diameter of the upper foramina was 1.8 ± 
0.5 mm (median 2 mm, range 1-3.5 mm) and the lower – 1.6 ± 0.6 mm (median 2 mm, range 0.3-3mm),
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and on the left the average diameter of the upper foramina was 1.5 ± 0.6 mm (median 1.5 mm, range 0.5-
3 mm) and the lower foramina 1.5 ± 0.7 mm (media 1.5 mm, range 0.2-3 mm). In cases with three
foramina on the right, the average diameter of the upper foramina was 1.7 ± 1.6 mm (media 1.25 mm,
range 0.3-6 mm), middle foramina 1.3 ± 0.7 mm (median 1.25 mm, range 0.3–2.5 mm), lower foramina
1.1 ± 0.7 mm (median 1 mm, range 0.3-2 mm), and on the left, the upper foramina was 1.4 ± 0.8 mm
(median 1 mm, range 0.3–2.5 mm), middle foramina 0.8 ± 0.5 mm (median 0.5 mm, range 0.3–1.5 mm),
the lower foramina 1.1 ± 0.9 mm (median 1 mm, range 0.3-3 mm). In case of four foramina on the right,
the average diameter of the upper foramina was 2.2 ± 0.3 mm (median 2 mm, range 2-2.5 mm), the
middle upper foramina 1 ± 0 mm, the middle upper foramina 1.6 ± 0.7 mm (median 2 mm, range 0.8-
2mm) and the lower foramina 1.3 ± 1.1 mm (median 0.8 mm, range 0.5–2.5 mm) distribution. On the left
the average diameter of the upper foramina was 1.8 ± 0.5 mm (median 2 mm, range 1–2 mm), the middle
upper foramina 1.3 ± 1.2 mm (median 0.85 mm, range 0.5-3 mm), the middle lower foramina 1.3 ± 0.7
mm (median 1.5 mm, range 0.3-2 mm) and the lower foramina 0.7 ± 0.4 mm (median 0.75 mm, range 0.3-
1 mm). There was no statistically signi�cant difference in the size of the foramina.

Of the total number of zygomaticofacial foramina (N = 273, right – 139, left – 134) 59.7%(N = 163, right –
83, left – 80) were in the projection of the IOF. In cases with one foramen, it was in the projection of the
IOF on the right in 60% and on the left in 56.8% of cases. With two foramina, the lower foramen
commonly falls in the projection of the IOF. On the right, the upper and lower foramen were in the IOF
projection in 29% and 87.1%, respectively, and on the left – in 36.7% and 83.3%, respectively. With three
zygomaticofacial foramina, we did not �nd statistically signi�cant results considering the location of the
foramina in the projection of the IOF. On the right, the upper, middle and lower foramina were in the
projection of the IOF in 20%, 60% and 70%, respectively and in 28.6%, 71.4% and 28.6% on the left
respectively. With four zygomaticofacial foramina, we did not �nd statistically signi�cant results
considering location of the foramina in the projection of the IOF. The upper, upper-middle, lower-middle
and lower foramina were in the projection of the IOF in 33.3%, 100%, 100%, and 66.7% on the right,
respectively and in 25%, 75%, 100% and 50% on the left, respectively (Fig. 8).

For the proposed alternative landmarks E, F and C, the probability of correspondence with the IOF
projection was calculated. The point E fell within the projection of the IOF in 52.4%(N = 45) on the right
and in 49.3%(N = 41) – on the left; the point C in 73.4%(N = 61) on the right and in 68.6%(N = 57) on the
left; the point F – in 98.8%(N = 82) on the right and in 100%(N = 83) on the left. There was a direct
relationship between points E and C and the width of the IOF. The wider the IOF is, the more likely is that
points E and C will fall in the projection of the IOF (p < 0.005)

Discussion
When performing orbito-zygomatic craniotomy, a surgeon is not always able to identify the lateral edge of
the IOF. This is due to the fact that good exposure of the IOF requires traction of the contents of the orbit
which can lead to damage to these structures and can induce an orbito-cardiac parasympathetic re�ex
which may cause bradycardia and asystole [13]. In addition, this requires considerable traction on the
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myofascial �ap which can damage the frontal branch of the facial nerve [3, 8]. The average distance
from the orbital edge to the lateral point of the IOF is 16 mm, ranging from a minimum of 11 mm to a
maximum of 22 mm. This knowledge allows a surgeon to plan the depth of osteotomy using surgical
instruments with a minimal risk of damage to the structures of the IOF.

According to literature review, natural landmarks on the body of the zygoma that have been used to
perform an osteotomy in the direction of IOF include malar eminence and the zygomaticofacial foramen.
However, to be considered a reliable surgical landmark, the anatomical structure must be easily
identi�able and relatively constant [10]. But according to our data, the malar eminence in 1/3 of cases is
di�cult to identify (33.7–36.1%). In some cases where the eminence was easily palpable, the point
located directly superior to it did not fall in the projection of the IOF (9.4–10.9%). The zygomaticofacial
foramina were absent on the body of the zygoma in some cases (4.8-6.0%). In our �ndings one
zygomaticofacial foramen was seen in slightly less than half of the skulls (42-44.6%) and two foramina
were seen in one third of cases (36.1–37.3%), three foramina in 8,4–12,0% and four foramina in 3,6 − 
4,8%. In cases with one zygomaticofacial foramen, it was a reliable guide in 56.8–60%. And when two
zygomaticofacial foramina were identi�ed, the reliable guide was the lower foramen as it fell in the
projection of the IOF in 83.3–87.1%, while the upper foramen was only reliable in 29-36.7%. When three
and four foramina were identi�ed, reliability as a landmark ranged from 20–100%. This result was not
statistically signi�cant because very few cases with more than 2 foramina were seen. Whether or not the
zygomaticofacial foramen falls in the projection of the IOF is not dependent on its diameter. The use of
the zygomaticofacial foramen as a landmark to reach the IOF is controversial and impractical, given the
low probability to reach the IOF. Many authors have found this landmark unreliable, considering
variability of positions, the number of foramina and their frequent absence [10, 1, 4, 9]. This is in
agreement with the above results.

The use of the malar eminence as a surgical landmark increases the probability of reaching the IOF
during surgery. However, in about one third of patients the protuberance is di�cult to identify
intraoperatively, making it unreliable as a landmark for orbitozygomatic craniotomy. The greater the width
of the IOF, the more likely a surgeon will get into the projection of the IOF when performing the
craniotomy. Hence, the need for a cautious CT analysis preoperatively cannot be overemphasized.

The use of point F that we have proposed, allows the surgeon to reach the IOF in 98.8–100%. This point
is calculated individually on each side and is directly dependent on the anatomic structure of the
orbitozygomatic complex. It is easily identi�ed intraoperatively. As far as we know, this is the �rst
description of this point.

The major limitation of our research was a relatively small sample size – 83 human skulls. It may have
reduced the signi�cance of our results. In the future, including skulls from different geographical regions
and different races would help to increase the sample size and reduce the selection bias.

Conclusions
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Any surgeon planning to perform an orbitozygomatic craniotomy should be well aware of the anatomical
structure of the orbitozygomatic complex. During preoperative planning, it is important to pay attention to
the width of the IOF on skull CT. In most cases, it is enough to drive the bone saw to a depth of about 16
mm in order to reach the IOF. The use of the malar eminence as a landmark to reach the IOF is unreliable
in one third of cases, as it is di�cult to identify intraoperatively. The zygomaticofacial foramen, in our
opinion, cannot be considered a reliable surgical landmark to reach the IOF due to its high anatomic
variability and low probability of reaching the IOF (13% to 75%, on average 40%).  The authors propose
using point F which is easy to locate intraoperatively and which has the highest probability of reaching
the IOF (98.8-100%).
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Figures

Figure 1

Location of six the 6 bone cuts used to form an orbitozygomatic craniotomy. The �gures indicate the
order of placement of the cuts; a - Lateral view; b - Anterior view
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Figure 2

A skull 3D CT reconstruction with emphasis on the third bone section when performing an
orbitozygomatic craniotomy. a - correct bone section, b - incorrect bone section
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Figure 3

a- The width of the inferior orbital �ssure, b- Distance from the anterolateral point of the inferior orbital
�ssure to the inferolateral edge of the orbit on the axis of the IOF. c- Projection of the anterolateral edge of
the IOF on the body of the zygoma. d- Natural landmarks found on the body of the zygoma; 1 - a point
above the malar eminence, 2 - Zygomaticofacial foramen
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Figure 4

Points E, C and F on the body of the zygoma

Figure 5
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Variations for the width of the IOF; moderate, very wide and narrow

Figure 6

Variations of the malar eminence: a-Eminence on the body of the Zygoma; b - Eminence is not identi�ed
anterior view, c- Eminence not identi�ed lateral view

Figure 7
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The point above the malar eminence does not fall into the IOF projection

Figure 8

The relationship between the zygomaticofacial foramen and the IOF. On the zygoma the number of
foramina located inside (black digits) and outside (red digits) of the IOF projection are indicated
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