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EVALUATION OF VARIABILITY OF SUPRAORBITAL NOTCHES AND FORAMINA
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Abstract. In this study, we aimed to estimate the anatomical variations of the supraorbital notch or supraorbital
foramen (SON/F) using three-dimensional computer tomography (3D-CT) volume rendering and evaluate these
variations related to gender and side.

One hundred and five adults (53 men and 52 women), aged 21 to 83 years, without any trauma or bone malformation
of facial bones, were included in our study. Presence of SON/F, its shape, diameter in millimeters, and distance from
the reference point were recorded.

The most common presentation of the supraorbital passage was single SON and it was noted in 51.43% on the right
and in 57.14% on the left skull side. The single SOF was noted in 3.81% on the right and 5.71% on the left skull side.
Double notch was found in 1.90% on the right and in 0.95% on the left side, while double foramen was not found in
subjects included in our study. SON/F was not found in 42.90% and 36.20% on the right and left side, respectively.
The average SON diameter was 3.7 + 0.9 mm, and the average SOF diameter was 1.7 + 0.5 mm. The average distance
of SON/F to the facial midline was 21.9 + 3.1 mm. The average distance of SON/F to the temporal crest of the frontal
bone was 26.0 + 3.0 mm and to the frontozygomatic suture was 27.5 + 2.6 mm. Statistically significant difference was
observed between the right and left side for the distance from SON/F to frontozygomatic suture (p < 0.01). No
significant difference was found between the left and right sides in the other measurements (p > 0.05). Statistically
significant differences were found between males and females for some of these parameters.

The results of this study provide useful information about the location of the supraorbital neurovascular bundle and

may be used in preoperative evaluation.
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1. INTRODUCTION

The facial foramina transmit neurovascular bundles
between the cranium and facial region. They are
important anatomical landmarks that need to be
considered in surgery, local anesthesia and other
invasive procedures in maxillofacial area. Knowledge of
the regional anatomy of the face and the location of
facial foramina is essential for avoiding injuries to the
neurovascular bundles, which helps in decreasing
morbidity and provides satisfactory results. A large
variety of surgical procedures require incisions on the
face and use of local anesthesia. Peripheral local
anesthetic blocks of these neurovascular bundles
provide excellent analgesia for the closure of simple
facial wounds, biopsies, scar revisions, cosmetic
procedures and during various endoscopic procedures
which are increasingly being used for cosmetic facial
surgery. Precise and effective analgesia can be achieved
only if the surgeon is aware of the most frequent
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location of the exit of regional nerves. If not, injuries
causing bleeding and loss of sensation in the
corresponding regions of the face can occur. Excessive
dissection and retraction near the neurovascular
bundles can also cause scarring, leading to
neuropathies and painful neuralgias [1]-[4].

The supraorbital notch or supraorbital foramen
(SON/F) is a passage in the frontal bone for the
supraorbital nerve, artery and veins. The human
supraorbital nerve is a purely sensory nerve. It
originates from fibers of the frontal nerve, which is the
largest branch of the ophthalmic division of the
trigeminal nerve. The supraorbital nerve traverses
supraorbital notch or foramen (SON/F) and gives off
nerve fibers to the vertex, thus, providing sensory
innervation to the upper eyelid and conjunctiva, the
lateral portion of the forehead, and the skin of the
anterior scalp nearly as far back as the lambdoid
suture. The supraorbital artery, a branch of ophthalmic
artery, leaves the orbit through the SON/F, dividing



into superficial and deep branches to supply the skin
and muscles of the upper eyelid, forehead and scalp.
According to standard descriptions in anatomy
textbooks, the supraorbital notch/foramen is situated
at the junction of lateral two-thirds and medial third of
the supraorbital margin [5], [6]. However, most of the
published studies reported that the position and the
morphometric characteristics of SON/F are not
constant. In some skulls, cases of incomplete foramina,
double foramina, double notch or the absence of all of
them have been reported [1]-[3], [7]-[10].

Medical progress requires more precise knowledge
of morphological variability of humans in order to
improve diagnostic and therapeutic activity. The rapid
development of Computed Tomography (CT) has
resulted in new CT applications. One of these
applications, volume rendering, represents a key
technique for visualization of three-dimensional (3D)
dataset. Its task is to display volumetric data as a
relevant two-dimensional (2D) image which users can
interpret. A CT volume rendering enables rendering of
the CT medical data. This technique allows the
exploration of fine anatomical details that would be
difficult to evaluate using only axial reconstructions.
3D-CT with volume rendering, has become an area of
great clinical and basic scientifical research for the
qualitative and quantitative analysis of normal and
abnormal anatomic structures. In combination with
the advances in computed graphic, 3D-CT has so far
been used in several different clinical applications,
such as evaluation of craniofacial anomalies, dental
implants planning, fractures and pathological
processes [11]-[13]. It has also been used for defining
unique individual aspects of complex anatomy,
planning interventions and evaluating outcomes, and
for anthropometric studies. Multidetector CT (MDCT)
of the head is an exquisite technique for demonstrating
the cranial foramina in living individuals [14]. This
technique provides great facilities to maxillofacial
surgeons with its excellent resolution and volume
rendered images. By continuously developing software
programs uninterested parts can be removed from the
images and significant anatomical structures can be
examined volumetrically.

In this study, we aimed to analyze anatomical
variations of the SON/F in living subjects using 3D-CT
volume rendering, and to evaluate these variations in
relation to gender and side.

2. MATERIALS AND METHODS

The current study included 105 adult subjects, aged
between 21 and 85 years, who did not have any facial
bone trauma or malformation and did not have history
of prior trauma or surgery on periorbital region. Data
of the subjects were collected from the patients
referred to the Center of Radiology, Clinical Center of
Nis, Serbia, between September and December 2015
for MDCT examination of facial bones and cranial base.
The study was approved by the Ethics Committee of
the Clinical Centre of Nis.

Head CT examination was performed on the CT
with 16 rows of detectors (GE CT/e Dual, GE
Lightspeed 16; GE Medical Systems, USA). Slice
thickness was 0.625 mm with scanning parameters 120
kVp and 210 mA, without overlapping. The heads were
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imaged beginning superior to the vertex of the skull
and extending inferiorly to below the mandible. The
3D-CT images of the skull are obtained with a
technique of lighting, removal of overlying anatomic
structures and rotation. Measurement and 3D volume
rendering were conducted on workstation Advantage
Workstation 4.1 (General Electric, Waukesha, USA).

The presence of different types of supraorbital
passages, the dimensions and position of SON/F were
analyzed. Measurements were taken in 2D based on the
consideration of their application to living subjects and
the use of measuring instruments, such as the
coordinate caliper. Relative position was recorded by
measuring distances from SON/F to reference points.
All measurements were done bilaterally, and the data
were compared between two genders and two sides for
each measurement. The morphometric measurements,
including their description and the referent points,
were (Figure 1):

(1) SON Wd: The maximum width of the SON.
(2) SOF Td: The maximum transverse diameter of
the SOF.

(3) SOF vd: Maximum vertical diameter of the
SOF.

(4) SOF-SOM: If a supraorbital passage was
foramen, the vertical distance from the inferior
margin of the SOF to the point on the superior
orbital margin (SOM), in a line parallel to the
facial midline.

(5) SON/F-FM: The distance from the medial
margin of the SON/F to the facial midline (FM),
in a line perpendicular to the facial midline.

(6) SON/F-TCFB: The distance from the lateral
margin of the SON/F to the temporal crest of
the frontal bone (TCFB), in a line perpendicular
to the facial midline.

(7) SON/F — FZS: The distance from lateral margin
of the SON/F to the frontozygomatic suture
(FZS).

The obtained results were statistically analysed.
Descriptive statistics, the mean value, standard
deviation, minimum, maximum and 95% confidence
interval for each of the measurements were assessed.
Student’s t test was performed to compare the
morphometric variables in relation to gender and side
and Mann-Whitney U test was when data did not have
normal distribution. Statistical differences were
considered when the p value was less than 0.05.
Statistical analysis was performed using PASW
Statistics 18.0.



3. RESULTS

Subjects included into the study comprised 53 men
(50.48%) and 52 women (49.52%). The mean age of
subjects was + years (male, 66.66 + 10.61; female,
60.36 + 16.63). Of the 105 crania, the supraorbital
passage was present in the form of a SON/F in 81
crania (77.14%), unilaterally or bilaterally. The SON/F
was absent in 59 (56.19%) crania. Absence was noted in
35 crania (33.33%) unilaterally and 24 (22.86%)
bilaterally. The most common presentation of the
supraorbital passage was single SON and it was noted
in 77 (73.33%) crania. The unilateral SON has been
found in 41 (39.01%) and bilateral has been found in 36
(34.29%) crania. The single SOF was noted in 7
(6.67%) crania, 3 (2.86%) unilaterally and 4 (3.81%)
bilaterally. Double SON was found only unilaterally, in
3 (2.86%). No statistical difference was detected
between the two sides. There was also no statistical
difference between males and females. The data
concerning the types of the supraorbital passage
related to gender and side were summarized in Table 1.

Figure 1. SON/F - supraorbital notch/foramen, SOM -
supraorbital margin, FM - facial midline, TCFB - temporal
crest of the frontal bone, FZS - frontozygomatic suture

Table 1. Types of the supraorbital passage related to gender and side

SON/F Male (n = 53) Female (n = 52) Total (n = 105)
Right, n (%) | Left,n (%) | Right,n (%) | Left,n (%) | Right,n (%) | Left, n (%)
Absence 21 (20.0) 19 (18.10) | 24 (22.90) 19 (18.10) 45 (42.90) 38 (36.20)
Single notch 26 (24.76) | 30 (28.57)| 28 (26.67) | 30 (28.57) | 54 (51.43) | 60 (57.14)
Single foramen 4 (3.81) 4 (3.81) - 2 (1.90) 4 (3.81) 6 (5.71)
Duble notch 2 (1.90) - - 1 (0.95) 2 (1.90) 1 (0.95)

Table 2. Measurements of the supraorbital notch or foramen related to side

Measurement Total (n = 105) Right (n = 105) Left (n = 105) p value
Mean | SD Min | Max | Mean| SD Min | Max | Mean| SD Min | Max
SON Wd 3.70 | 0.94| 150| 530| 3.69| 0.95| 1.50| 520| 3.70| 0.93| 1.50| 5.30| 0.894
SOF Td 1.70 | 0.47| 150| 2.70| 155| 0.17| 140| 1.80| 177| 0.57| 1.20| 2.70 | 0.648
SOF Vd 1.49 | 0.47| 080| 2.50| 142| 0.35| 1.00| 1.80| 1.53| 0.55| 0.80| 2.50| 0.236
SOF-SOM 4.98 | 2.51| 2.00| 9.30| 5.33| 1.02| 4.60| 6.50| 4.83| 1.12| 2.00| 9.30 | 0.383
SON/F-FML 21.90 | 3.10 |16.70 | 30.5 |21.88 | 3.13 | 16.70 [29.30 | 21.92 | 3.11 | 16.70 |30.50 | 0.940
SON/F-TCFB |25.99 | 3.03|18.70 |38.20 | 25.66 | 2.20 | 21.50 | 31.30 | 26.27 | 3.58 | 18.70 [38.20 | 0.005**
SON/F-FZS 27.52 | 2.58 |22.10 | 35.70 | 27.07 | 2.16 | 22.10 |30.80 | 27.91 | 2.84 |22.20 | 35.70 | 0.081

All measurements arein mm. SON - supraorbital notch; SOF - supraorbital foramen; Wd - width; Td - transversal diameter;
Vd - vertical diameter; SOM - supraorbital margin; FML - facial midline; TCFB - temporal crest of the frontal bone; FZS - frontozygomatic suture;
*p<0.05; **p<0.01.

Table 3. Measurements of the supraorbital notch or foramen related to gender

Measurement Males (n = 53) Females (n = 52 pvalue
Mean | SD Min | Max | Mean | SD Min | Max
SON Wd 3.94| 0.91| 150| 520| 3.45| 0.90| 1.50| 5.30 | 0.002**
SOF Td 1.77| 0.49| 140| 270| 140 0.28| 1.20| 1.60| 0.006
SOF vd 1.43| 0.35| 1.00| 180 1.53| 0.55| 0.80| 2.50| 0.236
SOF-SOM 5.43 2.61| 2.00| 9.30| 3.30 1.56 | 2.20| 4.40 | 0.486
SON/F-FML 22.52 3.21 | 16.70 | 29.30 | 21.25 | 2.87 | 16.70 | 30.50 | 0.361
SON/F-TCFB | 26.32 | 2.98 | 18.70 | 33.90 | 25.64 | 3.07 | 19.50 | 38.20 | 0.229
SON/F-FZS 27.95 2.61 | 22.70 | 35.70 | 27.08 | 2.49 | 22.10 | 32.40 | 0.071

All measurements arein mm. SON - supraorbital notch; SOF - supraorbital foramen; Wd - width; Td - transversal diameter;
Vd - vertical diameter; SOM - supraorbital margin; FML - facial midline; TCFB - temporal crest of the frontal bone; FZS - frontozygomatic suture;
*p<0.05; **p<0.005.
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In cases when the supraorbital passage was in form
of a SON, it average width was 3.70 + 0.94 mm (95%
CI: 3.52 - 3.88). When the supraorbital passage was in
the form of a SOF, it was on an average 4.98 + 2.51 mm
(95% CI: 3.19 — 6.78) superior to the superior orbital
margin. The average transversal diameter of the SOF
was 1.70 + 0.47 mm (95% CI: 1.38 - 2.01), and the
average vertical diameter was 1.49 + 0.47 mm (95% CI:
1.17 - 1.81). The average distance of the SON/F to the
facial midline was 21.90 + 3.10 mm (95% CI: 21.33 -
22.47). The average distance of the SON/F to the
temporal crest of the frontal bone was 25.99 + 3.03
mm (95% CI: 25.43 - 26.55). The average distance from
the SON/F to the frontozygomatic suture was 27.52 +
2.58 mm (95% CI: 27.05 - 27.99).

The comparison between the measurements of the
right and left SON/F are summarized in Table 2.
Statistically significant difference was observed
between the right and left side for the distance from
SON/F to frontozygomatic suture (p < 0.01). No
significant difference was found between the left and
right sides in the other measurements (p > 0.05).

The comparison between the measurements of
male and female crania is summarized in Table 3. All
mean values, except the vertical diameter of the SOF,
were higher in male than in female. Statistically
significant difference was found between males and
females for width of the SON (p < 0.01). There was no
statistically significant difference between the male and
female crania for all the other parameters (p > 0.05).

4. DISCUSSION

Anatomical variations of facial foramina are of
great importance in a standard surgical practice. The
evaluation of localization of these anatomical
landmarks enables determination of the position of
neurovascular bundles that pass through the
corresponding openings with the aim of increasing
successful interventions and avoiding sequel.
Knowledge of the anatomical characteristics of the
supraorbital structures is crucial for identifying the
danger zone in trauma treatment (e.g. brow and
forehead wounds, trochlear trauma, foreign bodies in
the brow region, marginal orbital fractures,
supraorbital neuroma), in surgery (e.g. anterior orbital
approach, fronto-glabellar  reconstruction flap,
blepharospasm surgery, Graves disease surgery, ptosis
surgery) as well as in anesthesiology (e.g. superior
orbital injection, peribulbar injection) when regional
nerve blockage is planned, and in the treatment of
migrene [10], [15]-[18]. Facial aesthetic surgery relies
on the knowledge of regional anatomy in order to avoid
injuries of neurovascular structures and increase
successful interventions. Open and endoscopic
forehead and brow lift techniques have become a
standard procedure in esthetic surgery, even though
there is a risk of a potential injury of the neurovascular
bundle if the exit point and the branching pattern of
the supraorbital nerve and vessels are unknown.
Traditionally, a forehead flap is designed in the
orbitofrontal region based on the dual blood supply
provided by the right and left supraorbital arteries.
Injuries of supraorbital neurovascular structures can
lead to temporary or permanent loss of sensation in the
nerve innervation region and partial flap necrosis [19]-
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[21]. Excessive dissection and retraction close to such
neurovascular bundles can cause scarring whereas
compression of the nerve by scar tissue or a connective
tissue band, intraneural local anesthetics or nerve
retraction during surgery may cause supraorbital
neuralgia. Diagnostic and therapeutic nerve blocks are
used in hemifacial neuralgia and have been
systematically performed on various types of headache
[22]-[24].

Various anatomical studies have been conducted
with the aim to describe anatomical variations of
SON/F and to examine the exit points of the
supraorbital nerve and vessels from the orbit. The
frequency of occurrence of SON and SOF varies in
different population. The findings of the previous
studies have shown the higher incidence of the SON
than SOF, ranging from 47.50 to 92.5% [1], [7], [9],
[10], [26]. The frequency of SOF ranged from 8% to
51% depending upon the studied population [25]. In
our study, SON was the most frequent presentation of
the supraorbital passage as well. It was noted in
73.33% of the subjects, 51.43% in the right and 57.14%
in the left side. The SOF was present in 6.67% of the
subjects, 3.81% in the right and 5.71% in the left side.
The shape of human cranium and distribution of the
supraorbital structures may be influenced by numerous
factors, both genetic and environmental, and also by
the climate [27], [28]. Tomaszewska et al. [28] supposed
that the type and frequency of the supraorbital structures
in modern human population may depend on the
climatic conditions in which the population lived.
Analyzing 1978 orbits from the skulls collected in three
climatic regions, warm, temperate and cold, these
authors discovered that the frequency of SON was the
highest in the sample from warm climates (54.5%), and
the lowest in the sample from cold climatic conditions
(44.0%). In contrast, the highest frequency of SOF was
in the skull from cold climatic conditions (35.4%). In
samples from warm climates, the frequency of SOF was
the lowest (16.4%). In the same study, a smooth
supraorbital rim with absent SON/F was in 16.8% of all
the studied orbits. In the samples from a temperate
climate, a smooth supraorbital rim was most frequent
(20.8%), and in the samples from a cold climate, the
frequency of the smooth supraorbital rim was the lowest
(11.3%). Agthong et al. [2] stated that the absence of
SON/F was 5.5% in the right and 10.0% in the left side.
In our study, a smooth supraorbital rim with the absence
of SON/F was reported in 56.19% of subjects, in 42.90%
in the right and 36.20% in the left side. Compared to the
previous studies, the difference in our findings might be
due to racial difference of the studied populations. The
shape and dimensions of the supraorbital passage may
affect the fixation of the neurovascular bundle. The
presence of the SOF implies that the supraorbital
neurovascular bundle is relatively fixed in position and
therefore at a greater risk during surgical dissection, as
during retraction it is more likely to be stretched.
Therefore extra care has to be exercised during
reflection of scalp flaps [29]. The results of the study
conducted on 79 dry adult human skulls showed that
there was wide variation in the width of the SON/F,
ranging from 1.6 mm to 10.4 mm [3].

The SON/F is identified by palpation of the
supraorbital margin of the frontal bony. However,
palpating the SON/F alone is not sufficient in locating
the supraorbital neurovascular bundle in all cases. The



supraorbital neurovascular bundle might exit through
SOF or SON as well as below the smooth supraorbital
margin. When the SON/F is not palpable the position
of the supraorbital neurovascular bundle can be
determined according to other anatomical landmarks.
Knowing the relative distance of the supraorbital
passage from the midline, temporal crest of the frontal
bone and the frontozygomatic suture may help in
defining the safe zone during surgical procedures of the
supraorbital region. Our results showed that the mean
distance from the SON/F to the facial midline were
21.88 + 3.13 and 21.92 + 3.11 mm in the right and left
side, and 22.52 + 3.21 and 21.25 + 2.87 mm in male
and female, respectively. There was no statistically
significant difference between sides and gender. The
results of the previous studies conducted on the
macerated and cadaveric skulls showed that the mean
distance of the SON/F from the midline ranges from
20 mm to 30 mm [2], [10], [29], and from 22 mm to 31
mm [1], [8], [26], [29]. Gupta [3] reported that the
mean distance of SON/F from the facial midline was
about 24 mm on both sides. Although the range was
from 16 mm to 39 mm, in 93.7% of the skulls, the
values were between 20 and 30 mm. Previous studies
have shown poor symmetry between sides [1], [7], [10].
The wide variation in the SON/F midline distance
indicates that the initial anesthetic injection should be
given around the palpable SON, 20-50 mm from the
midline. An additional injection at more lateral points,
30 to 50 mm from the facial midline, may help in
getting a complete nerve blockage if the initial attempt
was unsuccessful. Finally, complete forehead anesthesia
seems appropriate in connection with surgical procedures
along the supraorbital margin of 15 and at least 50 mm
from the midline [17]. Although some authors used
midline of the scull as landmark in analyzing of facial
foramina, the intraoperative identification of this line
could be difficult [3], [10]. The temporal crest of the
frontal bone and frontozygomatic suture may be better
landmarks for intraoperative localization of the
supraorbital nerve and vessels [1] and therapeutic
blockade of supraorbital nerve in migraine patients [4].
Our results showed that the mean distance from the
SON/F to the temporal crest was 25.66 + 2.20 and
26.27 + 3.58 mm in the right and left side, and 26.32 +
2.08 and 25.64 + 3.07 mm in men and women,
respectively. There was statistically significant difference
(p < 0.01) between the right and left side, but there was
no statistically significant difference between men and
women. Chrcanovic et al. [10] reported that the mean
value of the distance was 24.32 in the right and 22.81
mm in left side, which is a statistically significant
difference between sides and is also compatible to the
results in our study.

The supraorbital region of living subjects was
analyzed in our study. We compared our findings to
those of the previous studies conducted on macerated
and cadaveric skulls. However, such comparison is
limited, considering different methodological approach.
As far as we know, there’s only one similar study
conducted on living subjects. Turhan-Haktanir et al.
[30] examined variations of SON/F on 399 living
subjects using MDCT and evaluated the obtained
results according to gender and side. Their results
showed that the most common presentation of the
supraorbital passage was a single SON (69.4% in the
right and 68.2% in the left) followed by a single

foramen (12.4% in the right and 14.5% in the left). The
absence of SON/F was reported in 11.5% in the right
and 12.5% in the left side. The diameter of the SON was
3.5 + 1.4 mm, and SOF was 2.3 + 0.6 mm. The
diameters of SON were significantly higher in males
than females, whereas those of the SOF did not show
any significant differences. Distances from SON/F to
facial midline were 32.3 and 25.8 mm in the right, and
29.1 and 24.6 mm in left sides, in men and women,
respectively. The correct data comparison can be made
only with a study with the same research topic and the
same methodology. We compared the results of our CT
measurements with the results of the previous studies
conducted on living subjects as well. We concluded that
our findings are generally similar to the previous
reports. However, our study is more comprehensive
since we used more parameters for the evaluation of the
anatomical characteristics of the supraorbital passage.
We determined the position of the supraorbital passage
according to the facial midline and the temporal crest of
the frontal bone and frontozygomatic suture, which is
not analyzed in the previous study. The data could be
useful to surgeons considering that following anatomical
landmarks and extreme caution in surgical interventions
may lead to the prevention of iatrogenic injuries of the
supraorbital neurovascular bundle.

The definitive bony shapes are influenced by
developing and ossify processes. The frontal bone is
developed in membrane, in which two primary centers
appear in the eight week, one above each supraorbital
margin. The secondary centers appear later. At birth
the bone consists of two pieces, separated by the
frontal suture. These separated halves come into
contact in the first year, fuse in the middle region of the
frontal suture in second year, and are completely
joined by the seven or eight year [5], [31]. In 25% of
individuals, the SON is converted into a SOF by
ossification of the periosteal supraorbital ligament
closing it [7]. In a comparative study of fetal and adult
human skulls, Londhe et al. [32] showed that complete
supraorbital foramina were not seen in any of the fetal
skulls, but in adult skulls bilateral foramina occurred in
13.86%. The absence of all the features (SON, SOF and
incomplete SOF) was not seen in any adult skulls, but
was observed in 6.77% of fetal skulls. Multiple facial
foramina have been associated with the branching of
blood vessels and nerves during development. The
distribution of the supraorbital structures and their
differences which exist between adult forms may be
influenced by genetic, hormonal and environmental
factors during development and growth of skull [5],
[25], [28], [31].

5. CONCLUSION

The supraorbital passage shows variations in shape,
size and position. SON was observed more often than
SOF, though there are numerous variations of the exit
point of the supraorbital nerve and vessels. The
position of SON/F is not constant in every individual.
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