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Abstract

The styloid process is a subtle process of variable length that originates from the petrous part
of temporal bone . From the process originate three muscles: the stylopharyngeus,the styloglos-
sus, the stylohyoideus and two ligaments :stylohyoid and stylomandibular . The styled process
of the temporal bone has a variable length as demonstrated for studies conducted in three-
dimensional computed tomography or dental panoramic three-dimensional scanning,and in
dried skulls The normal length of the styloid process is particularly important to establish for
the relations of closeness with vascular and nervous structures and their possible compression
by an elongated styloid process.Several studies have focused on the effects of changes in length
and course of the styloid process, highlighting the relations of the carotid artery and the glos-
sopharyngeal nerve to explain cerebrovascular symptoms or Eagle’s syndrome characterized by
neck pain and dysphagia .However the association for the abnormal length of styloid process
and Eagle’s syndrome is not always present and many cases are asymptomatic. In the present
study we propose a review of the studies performed with different in vivo radiological tech-
niques and on dried skull collections on the normal and pathological length of the stiloyd pro-
cess and on its association with the Eagle’s syndrome. We also present a morphometric study
carried out in dried skulls of our museum collection.The results are discussed in light of the
possible variations in the muscular and ligamentous structures consequent to the elongation of
the styloid process.
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Introduction

The styloid process (SP) is a subtle pointed process of variable length that origi-
nates from the petrous portion of temporal bone and is localized anteriorly to the sty-
lomastoid foramen.

From the process originate three muscles: the stylopharyngeus,the styloglos-
sus, the stylohyoideus and two ligaments :stylohyoid and stylomandibular . The SP
projects inferiorly and anteriorly into the parapharyngeal space and it is in relation-
ship with the internal carotid artery medially and with various encephalic nerves as
glossopharyngeal, vagus, accessory, hypoglossal .The SP of the temporal bone has a
variable length as demonstrated for studies conducted in: three-dimensional com-
puted tomography (3dct) or dental panoramic three-dimensional scanning.Sokler
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and Sandev (2001) reported an average value of about 22 mms and a limit of 30 mms
for normality.Gozil et al.(2001) considered elongated a process of 40 mms . Sudha-
kara et al.(2013) on 600 digital panoramic radiographs found that the mean average
length of elongated styloid processes was 3.67+0.62 cms. Jung et al.(2004 ) with the
study of panoramic radiographs had found an average value of 28 mms in length
and suggested that the SP should be considered to be elongated, when its length
exceeds 45 mms. Keur et al.(2001) stated that, if the length of the process or the min-
eralized part of ligaments which appeared in radiography was 30 mms or more, this
could be considered an elongated SP . Basekim et al.(2005) examined the length of
the styloid process of 138 subjects with 3dct finding an average length of 28.3 mms
and considered the maximum normal length of the process 40 mms. De Andrade et
al.(2012 )measured the styloid length in cephalometric radiography finding a mean
value of 32.39 mms. Data onto the osteometric values of the SP is scanty with sig-
nificant length differences existing on the studies attributed to different races or eth-
nicities (De Paz et al. ,2012;Rathva et al., 2013; Natsis et al. ,2014). Natsis et al.(2014)
in a study carried out on an one hundred and forty-nine adult dried skull ,classified
the SP in three types according to their lengths.The processes were classified as short
<18 mms, normal 18-33 mms and elongated 33 mms. The majority of the process-
es were normal (45.8 %), 27.5 % were short and 26.7 % elongated. In another study
by Custodio et al.(2016) on a population of 15 dried skulls, the authors found an
average of 19.25 or 24.98 mms depending on the measurement made with a lateral
or posterior view of the styloid process. Vadgaonkar et al.(2015) reported in a mor-
phometric study on a collection of 110 dried skulls a length of 17.8+-9.3 mms for the
right process and 18.2+-5.6 mms for the left process. Several studies have been lim-
ited to reports on isolated cases of excessively long processes (Prabhu et al . ,2007;
Magotra et al. ,2008; Paraskevas et al.,2009; Akhaddar et al., 2010; Lins et al. , 2010)
which curve medially and anteriorly with variable length up to 140 mm. ( Kubikova
and Varga, 2009 ). An excessive length of the styloid process may be due to calcifica-
tion - ossification of the styloid ligament which may be bilateral (Jagadish et al.2010)
or more rarely unilateral(Guarna and Agliand,2018), less than 0.9 % according to
(Vougiouklakis ,2006). In a review of 1215 autopsies ,Langlais et al. (1986) recognizes
three types of elongated and ossified styloid processes:the first two are interrupted
and have pseudo-articulations, the third is an uninterrupted segment formed by the
ossified SL. .Campos et al.(2011) reported that the etiology of styloid bone elongation
can be explained by a genetic alteration or according to several theories.The ossifica-
tion of the SL may be the consequence of a pharyngeal trauma which causes meta-
plastic change . According to the anatomic variance theory ,the elongated SP and the
ossified SL are anatomical variations that occur without any trauma.

The abnormal length can be in some cases accompanied by a set of symptoms,
characterized by neck pain , dysphagia, headache, sore throat, ear pain , mandibu-
lar dysfunction clinically framed in Eagle’s syndrome(Eagle 1937,1948). Yavuz et
al. (2008) stressed that length in isolation is not a risk factor, but that its combina-
tion with increased acuity in deviation from the norm, both anteriorly and medi-
ally, makes the elongated styloid processes the cause of the syndrome. Stylocarotid
syndrome, the less common vascular variant of the Eagle syndrome, can present as
headache, transient ischemic attack (TIA), or stroke (Chang et al., 2007).Stylocarotid
syndrome results from the styloid process compressing the internal carotid artery
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(ICA) or external carotid artery.(David et al., 2014) .The abnormal length of styloid
process raises questions about the anatomical changes that can come to be estab-
lished for a change of length and insertion of the stylohyoid and stylomandibular
ligaments(called the bouchet’s white flowers ) , as well as the muscles styloglossus ,
stylopharyngeus , stylohyod (the so called Riolano’s bouchet). (Fini et al.,2000).
Furthermore literature does not contain information regarding how these changes
may affect the processes of swallowing, phonation, breathing and chewing. We pre-
sent an osteometric study on the length of the styloid process of collection of over
250 dried skulls belonging to the museum of Anatomy “Leonetto Comparini “ at the
University of Siena, collected over a period from 1900 to 1960. All skulls came from
the local psychiatric hospital. Univariate analysis provides mean values and stand-
ard deviations of the main variable length. A Mann Whitney test was applied for the
analysis of significant differences between the averages of the groups of skulls .

Materials and methods

We carried out measuring the length of the styloid process on a sample of 153
skulls of the entire collection of 250 of the local anatomical museum, having chosen
the skulls in which at least one of the two processes was intact . The skulls of chil-
dren, damaged skulls and skulls with pathological conditions were excluded from the
study.Furthemore the skull with the styloid process which had the completely ossi-
fied stiloyd ligament of 7 cms in length was not considered for statistical purposes.
The lengths of the right or left styloid processes were measured by choosing the side
that appeared the best preserved for measurement purposes.The measuring starts
from the sheath at the point where this became accessible below the external acous-
tic meatus .We employed a digital caliper with the following technical characteristics.
Measuring range: 0-150 mm; resolution: 0.01 mm; accuracy: + / - 0.02mm; measure-
ment repeatability: + / - 0.01 mm; .The data were analyzed trough a free statistical
software (Salstat 2) .Average and standard deviation (sd) were calculated. A Mann-
Whitney test for significance level of 0,5 was used for detecting differences between
the distributions of both genders.The test was carried out on two groups of 19 male
skulls and 26 female skulls , having chosen only those skulls of which the sex of
belonging was certain.

Results

Univariate analysis of the length of the styloid process gave the following results:
average: 26,57 mms ; sd : 7,40 mms ; median 25 mms , normal range : average +/-2
sd : 41-7 mms.The histogram of the elements (fig 1) shows a large class of 48% (73)
elements, with a length of the styloid process of 18-26 mms . A second class smaller
as elements 37% has a styled process with a length of 27-35 mms.(fig. 1). The longest
styloid process observed was 52 mms (fig. 2) and the shortest had a length of 5 mms .

In one case we discovered a skull with stylohyoid calcified ligaments on one side.
The styloid process was long 50 mms on the right and 70 mms on the left where is
the tip calcified (not shown).There were no significative differences between lengths
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Figure 1. histogram representing the distribution  Figure 2. Elongated styloid process (52 mm) in a skull
frequency of the length of the styloid processes. from the Leonetto Comparini Museum collection.

in male e female subjects.Considering that the Range of Normal Lengths was taken as
12 standard deviations from the mean, the percentage of elongated styloid processes
was 3.9%

Discussion

The length of the styloid process has an average value of 26,57 mms in our biom-
etric study .This value is in accordance with those ones established by other authors
(Basekim et al. ,2005; Joung et al., 2004 ).Patil et al.(2014) in 114 dried skulls reported a
mean of 2,58 cms for SP length. An abnormal long styloid process>41 mm is present
in 3,9% of items . Vadgaonkar et al. (2015) reported that the prevalence of elongated
styloid processes in 110 dried skulls was 4.5%. Other authors provide higher percent-
ages of elongated styloid processes but place the value of 30 mm as the limit of normal-
ity. Gracco et al.(2017) in a north Italian population evaluated elongated styled process
by digital panoramic radiographs and found that 33% of population has an elongated
styled process with a length of the process more than 30 mms.The prevalence of the
elongated styloid process is between 4% and 28% of the population (Silva et al., 2002).
The pathogenesis of the elongation of styloid process is still debated .It was believed
that there is an association with previous surgical trauma or local irritation of stylohyo-
deus ligament which could cause hyperplasia and reactive ossification of the process.
Later the cause was believed to be a variation in development of second arch deriv-
atives ( Fini et al. ,2000 ) .It could be a mutation in the genes implicated in the cor-
rect development of the components of branchial arches. Future genetic studies will
be needed to prove this issue.Only in a case we found a calcified tip of the abnormal
lengthy styloid process,70 mms long on the left.Unfortunately we have no information
about the subject to search the presence in the past of surgical trauma or local irritation
Several studies have focused on the effects of changes in length and course of the sty-
loid process,(Thot et al., 2000 ; Yavuz et al.,2008) highlighting the relations of the carot-
id artery and the glossopharyngeal nerve(Shin et al .,2009) to explain cerebrovascular
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symptoms or Eagle’s syndrome characterized by neck pain and dysphagia (Eagle,1937).
However the association for the abnormal length of styloid process and Eagle’s syn-
drome is not always present and many cases are asymptomatic (Fini et al. ,2000 ). Ana-
tomical variation in length of styloid process could have effects on ligaments and mus-
cles which origin from it and insert on mandible and os hyoid . The stylohyoid liga-
ment originates from the tip of the styloid process and is attached inferiorly to the less-
er horn of the hyoid bone. Likewise the stylomandibular ligament originates near the
apex of the styloid and is inserted medially into the mandibular angle. The shortening
of the stylomandibular ligament could cause difficult in the protrusion of mandible and
in mastication (Costantinides et al.,2013). The shortening of stylohyoid ligament which
originates from the apex of the styloid process and is attached inferiorly to the lesser
horn of the hyoid bone or its calcification-ossification could cause difficult in move-
ment of os hyoid and in raising or lowering of larynx during swallowing(Desrhaj et al.,
2011). This could be an explanation for the disturbance reported in these processes by
several patients. Likewise the excessive shortening of styloglossus muscles which origi-
nates close to the apex of the styloid process and from the upper part of the styloman-
dibular ligament and is inserted in the septum of the tongue (Fini et al., 2000) could
disturb the tongue movement . The stylohyoid muscle which originates from the base
of the styloid process and is inserting on the hyoid bone near the greater horn will be
longer in case of abnormal length of styloid process and so the muscle stylopharyngeus
which originates from the medial aspect of the styloid process close to its base and is
inserted into the lateral wall of the pharynx and elevates the pharynx during the first
phase of swallowing(Tubbs et al.,2010)

To avoid the shortening of ligament and muscles the elongation of styloid process
could be accompanied by a dislocation in a lower position of os hyoid with laryngeal
cartilage and trachea .Lowering of hyoid happens to children with atypical degluti-
tion. Atypical deglutition is the persistence of deciduous dentition deglutition, and in
this case os hyoid is lowered about 5mm from mandible plane ( Machado and Cre-
spo, 2012). Similarly in obstructive sleep apnea and hypopnoea syndrome( OSAHS),
the hyoid bone is more distant from the mandible plane as reported in cephalomet-
ric studies ;(Riha et al., 2005; Tsai et al., 2007).However, in all these cases there is no
information on the presence of an elongated styloid process by which we can infer a
modification of the muscular and ligamentous structures that are placed on it. Moreo-
ver possibly hypertonia of the infrahyoid and hypotonia of the suprahyoid muscles
as a consequence of the different position of hyoid bone could cause change in the
voice and a greater difficulty during intubation.(Kaway et al. ,1990) Our study on the
length of styloid process in a population Italian confirmed the low frequency of an
abnormally long process , highlights a case of ligamentum styloideus ossified and
discuss the possible consequences on the muscles and ligaments which arise from the
styloideus process in case of abnormally length of the same .
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