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Abstract

Aim: We aimed to develop linear regression formulas for determining the precise localization of the stylomastoid foramen on the base
of the morphometric features of the person’s own skull.

Material and Method: The study was conducted on 22 stylomastoid foramina (11 skulls). The 10 parameters determined for the
stylomastoid foramen were measured on the photographs taken from the skull base and the 17 parameters determined for the
morphometric features of the skull were measured on the photographs taken from the anterior plane, lateral plane, and posterior plan
using Image J measurement software. The data obtained were evaluated with SPSS 20.0 statistical software.

Results: To determine the morphometric and topographic features of the stylomastoid foramen the equations have been
developed such as; P1 (The distance between stylomastoid foramen and root of the zygomatic arch)=18.758+(0.472xP12)-(2.092x
P16)+(0.831xP17)—(0.390xP18)—(0.101x P20); Adjusted R?>=0.865, Standard Error of the Estimation=1.389.

Conclusion: Mean values can give misleading information in determining the topographical relationship between the stylomastoid
foramen and the surrounding anatomical structures. We have developed regression formulas that will estimate the accurate location
of the stylomastoid foramen and the accurate distances between other surrounding anatomical structures, taking into account the
morphometric characteristics of the person’s own skull.
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Oz

Amag: Galismanin amaci, kisinin kendi kafatasinin morfometrik 6zelliklerinden yola gikarak foramen stylomastoideum’un kesin
lokalizasyonunu belirlemek icin lineer regresyon formdilleri gelistirmektir.

Materyal ve Metot: Calisma, 22 foramen stylomastoideum (11 kafatasi) tizerinde gergeklestirildi. Foramen stylomastoideum igin
belirlenen 10 parametre kafa tabanindan gekilen fotograflarda, kafatasinin morfometrik 6zellikleri igin belirlenen 17 parametre ise
Image J élciimii kullanilarak 6n, yan ve arka plandan cekilen fotograflarda dlciildii. Olciimlerden elde edilen veriler istatistik yazilimi
SPSS 20.0 ile degerlendirildi.

Bulgular: Foramen stylomastoideum’'un morfometrik ve topografik 6zelliklerini belirlemek igin; P1 (Foramen stylomastoideum ile
arcus zygomaticus koki arasi mesafe)=18,758+(0,472xP12)-(2,092xP16)+(0,831xP17)-(0,390xP18)—(0,101xP20); Diizeltiimis
R?=0.865, Tahminin Standart Hatasi=1.389 seklinde denklemler gelistirilmistir.

Sonug: Ortalama degerler, foramen stylomastoideum ve onu gevreleyen anatomik yapilar arasindaki topografik iliskinin belirlenmesinde
yaniltici bilgi verebilir. Kiginin kendi kafatasinin morfometrik 6zelliklerini dikkate alarak, foramen stylomastoideum’un kesin konumunu
ve gevredeki diger anatomik yapilar arasindaki dogru mesafeleri belirleyecek regresyon formiilleri geligtirdik.

Anahtar Kelimeler: Foramen stylomastoideum, nervus facialis, fasiyal sinir blogu

INTRODUCTION nerve, which is the VII. cranial nerve, leaves the skull and
the stylomastoid artery, that is a branch of the posterior
auricular artery, enters the skull through the stylomastoid
foramen (1-3).

The stylomastoid foramen, the end of the facial canal,
is a curved aperture located on the temporal bone's
inferior aspect of the petrous part, midway between the
styloid process and the mastoid process. The facial The sensory and the motor roots of the facial nerve

Received: 19.04.2022 Accepted: 24.05.2022
Corresponding Author: Serdar Babacan, Harran University, Faculty of Medicine, Department of Anatomy, Sanliurfa
Turkey, E-mail: sbabacan@harran.edu.tr

355


http://orcid.org/0000-0002-7410-7738
http://orcid.org/0000-0002-4687-8180
http://orcid.org/0000-0002-6396-0426
http://orcid.org/0000-0002-6888-0388
https://creativecommons.org/licenses/by-nc-nd/4.0/

DOI: 10.37990/medr.1102477

arise from the sulcus bulbopontinus, on the anterior
surface of the brain stem, between the pons and medulla
oblongata. Both roots enter the internal auditory meatus
in the temporal bone’s petrosal part, accompanied by the
vestibulocochlear nerve in the fossa cranii posterior. In
the internal auditory meatus’s lower part, the facial nerve
gets into the facial canal and runs outward along with the
inner ear. The facial nerve enlarges to form the geniculate
ganglion and curves sharply posteriorly on the upper side
of the promontorium when it reaches the inner wall of the
tympanic cavity. It turns downward on the inner side of the
entrance to the antrum mastoideum, on the posterior wall
of the tympanic cavity, runs downward behind the pyramis,
and leaves the temporal bone using the stylomastoid
foramen, locates in front of the styloid foramen and the
jugular foramen locates medially. After getting out from
the stylomastoid foramen, 5-7 mm behind the mandibular
ramus, the facial nerve gives off two branches; the
digastric nerve and the posterior auricular nerve. After
giving those branches the facial nerve, enters the parotid
gland (4-7). The facial nerve’'s motor branches supply the
mimetic and facial muscles (8).

The orbicularis oculi muscle around the eye is the
sphincter muscle, innervated by the facial nerve. Facial
nerve blockade is required to temporarily paralyze the
orbicularis oculi muscle in order to prevent the increase in
intraocular pressure that may occur due to squeezing of
the eyelids during cataract extraction. Good anesthesia is
important for safe intraocular surgery (9).

There have been four techniques described in the literature
for facial nerve block: 1) Van Lint block, 2) Atkinson block,
3) O’ Brien block, and 4) Nadbath block. According to
Van Lint's block, the facial nerve's peripheral branches
are blocked near the lateral orbital margin at the level
of the external canthus of the eye, a point approximately
2 cm behind. In Atkinson's block, the upper branch of the
facial nerve is blocked at the lower edge of the zygomatic
bone. In O’ Brien block, the main trunk of the facial nerve
is blocked near the condylar process at the level of the
mandibular neck. In Nadbath block, the facial nerve is
blocked in the stylomastoid foramen. This technique is
also called enhanced O’ Brien block (9,10).

The blockage of the facial nerve trunk in the stylomastoid,
Nadbath nerve block, is usually preferred because of
the advantages in being less painful and preventing
ecchymosis of the face, however, the risks of nerve injury
and neurological severe complications may arise, also
complications related to respiratory and vocal cords may
develop as a result of inadvertent injection (11-13).

We aimed to develop linear regression formulas for
determining the precise localization of the stylomastoid
foramen on the base of the morphometric features of the
person’s own skull. Also to evaluate the distances between
the surrounding anatomical structures, in addition to the
mean and standard deviation values given in the literature,
and to raise awareness for person-specific application
instead of ambient values, on behalf of avoiding the
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complications.
MATERIAL AND METHOD

The study was conducted on 22 stylomastoid foramina
(11 skulls) in the collection of Harran University Faculty
of Medicine, Department of Anatomy. The dry skulls were
photographed from inferior, lateral, anterior, and posterior
plans in a standard position. Anthropometric points to
be taken into account in measurements were determined
(Figure 1). The 10 parameters determined for the
stylomastoid foramen were measured on the photographs
taken from the skull base (from inferior plane) (P1-10:
Figure 2), and the 17 parameters determined for the
morphometric features of the skull were measured on the
photographs taken from the anterior plane (P11-18: Figure
3), lateral plane (P19-25: Figure 4), and posterior plan
(P26,27: Figure 5) using Image J measurement software
(Ver. 1.51 23 April 2018) (12).

Eurion (Eu) Eurion (Eu)

Frontotempaorale [Ft) Frontotemporale [Ft}

Frontomolare temporale {Fmt) Frontemnelare temperale [Frmi)

Supradentale (Sd)

Figure 1. The anthropometric points used as landmark

Figure 2. The parameters related to the stylomastoid foramen
and surrounding anatomical structures (mm)
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Table 1. The results of the descriptive statistics of the parameters related the stylomastoid foramen

_ Parameters (mm) _ Min. Max. Mean # SD
P1. The _dlstance between the center of the stylomastoid foramen and the lateral margin of the root of the 29.68 4513  35.66+3.78
zygomatic arch

P2. The distance between the center of the stylomastoid foramen and the root of the styloid process 258 7.38 4.73+1.28
P3. The minimum distance between the center of stylomastoid foramen and the nearest carotid canal margin 5.80 19.53  13.91+2.81
P4. The minimum distance between the center of stylomastoid foramen and the nearest jugular foramen margin ~ 2.95 9.47 6.57+1.69

P5. The distance between the posterior margin of the mastoid process and the center of the stylomastoid foramen  17.66  31.07  24.22+3.43

P6. The distance between the center of the stylomastoid foramen and the tip of the mastoid process 9.03 19.89  13.77+2.68
P7. The distance between stylomastoid foramen and MD line o _ - 1374 2138 17.54+2.33
;%atT:: distance between the center stylomastoid foramen and the inferior margin of the external acoustic 6.66 15.08 10554192
P9. The distance between the center stylomastoid foramen and the lateral margin of the mandibular fossa 18.06 30.89  24.06%3.18
P10. MD-RS angle 54.16 85.99  66.5449.49
Parameters (mm) Min. Max. MeaniSD
P11. The maximum skull breadth (Eu-Eu) 78.99 103.56 90.5317.88
P12. The minimum distance between the two frontotemporale (Ft-Ft) 77.05 100.78 88.04+7.25
P13. The upper facial breadth (Fmt-Fmt) 79.94 101.56 92.56+7.25
P14. Orbital breadth 31.42 37.29 34.29+2.13
P15. Bizygomatic breadth (Zy-Zy) 81.37 104.31 93.14£6.88
P16. The orbital height 30.17 40.20 35.0543.24
P17. The distance between Glabella (G) and supradentale (Sd) 71.57 101.12 84.3119.43
P18. The distance between the lower margin of the maxilla and the orbit's lower margin 27.67 42.77 35.77+4.67
P19. The maximum antero-posterior breadth of the head (Op-G) 113.62 156.98 135.61+15.48
P20. The distance between the ophistocranion and the tip of the mastoid process 53.98 94.54 73.64113.72
Erzolc.elrsle distance between the external margin of the external acoustic meatus the tip of the mastoid 14.95 2471 19.6642.714
P22. The distance between the root of the zygomatic arch and the tip of the mastoid process 29.00 39.77 35.503.23
P23. The distance between the glabella and the tip of the mastoid process 84.23 106.24 101.59+2.83
P24. The distance between the zygoma ant the tip of the mastoid process 65.79 92.46 79.04£7.36
P25. The distance between the supradentale and the tip of the mastoid process 72.05 90.72 80.4115.53
P26. The distance between parietal eminences 89.71 147.96 116.54+18.30
P27. The distance between bimastoid line and vertex 103.63 161.33 127.57+16.39

Table 3. The equations for estimating the distances between stylomastoid foramen and surrounding anatomical structures

Equations Adjusted R? Stand:rs(:illi:ra::of the
P1=18.758+(0.472xP12)-(2.092xP16)+(0.831xP17)—(0.390xP18)—(0.101xP20) 0.865 1.389
P2=-22.398+(0.302xP14)+(0.075xP17)+(0.048xP19)+(0.272xP21)+(0.110xP22)-(0.067xP24) 0.685 0.852
P3=-6.601+(0.497xP12)—(1.137xP16)+(0.368xP17)—(0.308xP18)—(0.087xP20)+(0.711xP21)—(0.309xP22) 0.382 2.206
P4=-24.927+(0.402xP12)-(0.456xP13)+(0.599xP14)+(0.574xP18)+(0.421xP22) 0.545 2.316
P5=22.783+(0.603xP12)-(0.649xP15)—(0.930xP16)+(0.313xP17)+(0.498xP18)—-(0.704xP21)+(0.309xP22) 0.665 2.434
P6=9.639+(0.748xP11)—(0.876xP12)+(0.325xP18)—(0.274xP22)+(0.140xP24) 0.543 2.076
P7=79.566-(0.151xP11)—-(1.646xP14)+(0.662xP18)-(1.437xP21)+(0.010xP23)+(0.383xP24)—(0.243xP25) 0.387 1.828
P8=-12.657+(0.338xP15)—(0.071xP20)+(0.400xP21)+(0.452xP21)~(0.166xP25) 0.307 1.605
P9=-69.475+(0.697xP15)+(0.553xP16)-(0.442xP18)—(0.304xP20)+(1.384xP21)+(0.571xP22) 0.754 1.576
P10=-52.265-(3.819xP13)+(4.712xP15)+(0.886xP22)+(0.011xP23) 0.857 3.585
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Parameters

P1. The distance between the center of the stylomastoid
foramen and the lateral margin of the root of the zygomatic
arch

P2. The distance between the center of the stylomastoid
foramen and the root of the styloid process

P3. The minimum distance between the center of
stylomastoid foramen and the nearest carotid canal margin

P4. The minimum distance between the center of
stylomastoid foramen and the nearest jugular foramen
margin

P5. The distance between the posterior margin of the
mastoid process and the center of the stylomastoid
foramen

P6. The distance between the center of the stylomastoid
foramen and the tip of the mastoid process

P7. The distance between the center stylomastoid foramen
and the MD line (The line between the lateral margin of
the zygomatic arch and the lateral margin of the mastoid
process)

P8. The distance between the center stylomastoid foramen
and the inferior margin of the external acoustic meatus

P9. The distance between the center stylomastoid foramen
and the lateral margin of the mandibular fossa

P10. MD-RS angle (The angle between the MD line and RS
line)

P11. The maximum skull breadth (Eu-Eu)

P12.The minimum distance between the two
frontotemporale (Ft-Ft)

P13. The upper facial breadth (Fmt-Fmt)
P14. The orbital breadth

P15. The bizygomatic breadth (Zy-Zy)
P16. The orbital height

P17. The distance between the glabella (G) and the
supradentale (Sd)

P18. The distance between the lower margin of the maxilla
and the orbit’s lower margin

P19. The maximum antero-posterior breadth of the head
(Op-G)

P20. The distance between the ophistocranion and the tip
of the mastoid process

P21. The distance between the external margin of the
external acoustic meatus and the tip of the mastoid
process

P22. The distance between the root of the zygomatic arch
Figure 5. The parameters on the posterior aspect of the skull (mm) and the tip of the mastoid process
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P23. The distance between the glabella and the tip of the
mastoid process

P24. The distance between the zygoma and the tip of the
mastoid process

P25. The distance between the supradentale and the tip of
the mastoid process

P26. The distance between parietal eminences
P27. The distance between bimastoid line and vertex
Statistical analysis

As a result of the power analysis, when the effect size
was selected as 0.5 (a=0.05) to examine the relationship
between dependent variables and independent variables
with the regression model, it was determined that
approximately 22 (n=22) stylomastoid foramen should be
included in the study for a significance level with power
0.80%. We performed statistical analyzes using IBM SPSS
version 20.0 (IBM Corp. Released 2011. IBM SPSS Statistics
for Windows, Version 20.0. Armonk, NY: IBM Corp.). The
descriptive statistics values of the parameters related
to the stylomastoid foramen and skull were evaluated.
Pearson correlation analysis was applied to examine the
relationship between the distances of the stylomastoid
foramen to the surrounding anatomical structures and
skull measurements. Equations to estimate the distances
between the stylomastoid foramen and the surrounding
anatomical structures were developed by linear regression
analysis. The statistical significance level was p<0.05.

RESULTS

The results of the descriptive statistics values of the
parameters related to the stylomastoid foramen were
givenintable 1.

The results of the descriptive statistics values of the
parameters related to the skull dimensions were given in
table 2.

The equations for estimating the distances between
stylomastoid foramen and surrounding anatomical
structures were given in table 3.

DISCUSSION

Blocking the facial nerve trunk in the stylomastoid foramen
is a preferred method, but serious complications may occur
due to incorrect injections and nerve injuries. Therefore,
examining the morphometry of the stylomastoid foramen
and the relationship with anatomical structures nearby
is very important to avoid such dangers (9). Lindquist
et al. reported that complications such as dysphonia,
laryngospasm, unilateral vocal cord paralysis, and feeling
of not being able to breathe develop as a result of blockade
of the facial nerve trunk due to its proximity to the vagus,
glossopharyngeal and accessory nerves (15).

The stylomastoid artery, which emerges from the
stylomastoid foramen together with the facial nerve's
trunk, masks the facial nerve, making the surgical approach
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difficult during parotidectomy (16).

The addition of epinephrine to local anesthetics or needle
stimulation in the parapharyngeal region may trigger the
vascular sympathetic response. As a result, facial nerve
palsy may occur due to ischemia of the stylomastoid
foramen (17).

Anatomical knowledge of the stylomastoid foramen is
important for clinical applications because of its proximity
to important neurovascular structures. Any anatomical
variation may present with compression symptoms. In
addition, the surgical anatomy of the stylomastoid foramen
is important (3).

The identified landmarks for the facial nerve trunk should
be easy to identify and reliable. Because of their hard and
reliable anatomical location, although difficult to palpate
the bony structures are more suitable than soft tissue or
cartilaginous landmarks (18).

Sharma and Varshney (2015) studied on 100 dry skulls in
2015. They found that 83.51% of the stylomastoid foramen
was located anterior to the XY line (The horizontal line
passing through the tip of the anterior edge of both mastoid
processes), 13.4% along the XY line 3.03% posterior to the
XY line (9).

Kutoglu et al. (2021) studied on 53 temporal bones in 2021
and they found 54.7% of the stylomastoid foramen was
located anterior to the XY line, 34% posterior to the XY line,
and 13.3% above the XY line (19).

Sharma and Varshney (2015) evaluated the distance
between the tip of the mastoid process center and the
center of the stylomastoid foramen; and as 15.26+1.4mm
on the right side and 14.324+1.8mm on the left side. They
found the distance between the jugular foramen and the
center of the stylomastoid foramen as 12.28+1.9mm and
12.961+2.1mm (respectively on the right side and left side).
They found the angle as 66.57+2.6 and 65.96+1.8 on the
right and left sides, respectively, in degree (9).

Jai Rexlin et al., (2019) studied on 40dry human skulls in
2019. They found the distance between the center of the
stylomastoid foramen to the center of the jugular foramen
as 8.90%1.42mm and 9.34+1.46mm (on the left and right
sides respectively). They measured the shortest distance
between the mastoid process and the center of the
stylomastoid foramen as 13.42+1.97mm on the left side
and 13.77+1.64mm on the right side (4).

In the current study, we found the distance between the
root of the styloid process and stylomastoid foramen as
4.73+1.28mm, the distance between the jugular foramen
and the stylomastoid foramen was 6.57+1.69mm,
the distance between the mastoid process and the
stylomastoid foramen was 13.77+2.68mm, MD-RS angle
was 66.54+9.49 in degree.

CONCLUSION

The size of the range between the minimum and maximum
values in the tables (table 1 and table 2) as a result of the
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descriptive statistics and the different measurements in
between with other studies reveal that the results may
vary among the people and also populations. For this
reason, mean values can give misleading information in
determining the topographical relationship between the
stylomastoid foramen and the surrounding anatomical
structures. We have developed regression formulas that
will estimate the accurate location of the stylomastoid
foramen and the precise distances between other
surrounding anatomical structures, taking into account
the morphometric characteristics of the person’s own
skull. It is noteworthy that the power of the equations
produced for P1 and P10 among the developed formulas
is high. We think that the power of the equations related
to other parameters will increase with the increase in
sample size. We believe that this new technique we have
developed will guide anesthesiologists and surgeons in
person-specific approaches.
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