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ABSTRACT

Introduction: Length of Styloid Process (SP) varies widely.
It can be very short and hidden by vaginal process or it can
be elongated to reach hyoid bone. The antiquity anatomists
have been observing the incidence of elongated SP and
their correlation with occurrence of Eagle’s syndrome.

Aim: The present study aimed to determine the incidence
of the elongated styloid process, their anterior and medial
angulations and thickness in order to highlight their possible
etiological importance in clinical and surgical conditions.

Materials and Methods: The study was done on both
sides of 50 dry skulls without any obvious deformity. The
length, angulations and maximum thickness of the styloid
processes at base and tip were measured with the help of
Vernier calipers and expressed as mean+SD. Each skull
was carefully examined for the presence of elongated
styloid process (length > 30 mm). The skulls with elongated
SP were separated and further investigated radiologically
(digital X-ray) to know their morphology, radiographic
pattern of calcification and to classify them accordingly.

Results: Out of the 100 sides of 50 skulls, elongated SP

was observed on nine sides, amongst them five skulls
(10%) were with unilateral and two (4%) with bilateral

INTRODUCTION

The Styloid Process (SP) is a slender and cylindrical bony
projection, arising from the base of the petrous temporal bone
[1]. Its base lies just in front of the stylomastoid foramen and
its tip projects in antero-inferior direction lying in between
internal and external carotid arteries and in relation to the
lateral pharyngeal wall and tonsillar fossa [2]. The structures
attached to it include three muscles namely styloglossus,
stylopharyngeus, stylohyoid and two ligaments namely
stylohyoid and stylomandibular. Laterally, the SP is covered
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elongation of SP. The means of length, anterior and
medial angulations and thickness at the level of base and
tips of styloid process of right side were 21.90+8.603
mm, 57.50+2.682°, 65.48+2.426° 4.30+0.248 mm and
2.26+0.279 mm, on the left side were 20.80+5.757

mm, 59.30+2.288°, 63.80+3.687°, 4.70+0.318 mm,
2.49+0.301 mm respectively. The data was statistically
compared between the right and left sides and found
to be statistically insignificant (p>0.05). Based on the
radiological evaluation of elongated SPs, type | (elongated)
morphology with partial pattern of calcification was found
to be most common.

Conclusion: Elongated SP (length>30 mm) was seen more
frequently unilaterally (10%) as compared to bilateral (4%).
When bilateral, it was more on right side as compared to
the left side. Whether normal or elongated, the length of
SP was more on right side as compared to the left side
and thickness at base and tip was more on left side as
compared to the right side. Thus, right SP grows more in
length while left grows more in thickness. An elongated SP
is important not only clinically but also academically and
ontogenically.

by the parotid gland [3]. Embryologically, SP originates from
the cartilage of the second pharyngeal arch along with the
stylohyoid ligament and the lesser cornu of hyoid bone;
together, these three structures form an apparatus known as
stylohyoid apparatus or stylohyoid complex [4]. The length of
the SP normally ranges between 20 and 30 mm [5] and varies
from person to person and even between the two sides of
the same individual. The SP longer than 30 mm is said to
be elongated. It may be unilateral or bilateral [6] and usually
accompanied by calcified stylohyoid and stylomandibular
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ligaments. The elongation of the SP can trigger a series of
clinical symptoms such as odynophagia, dysphagia, pain in
cervicofacial region, tinnitus and trismus. The elongated SP
along with this set of clinical symptoms is known as styalgia or
“Eagle’s syndrome” [7]. The incidence of Eagle’s syndrome is
very controversial [8]. Eagle found the incidence of elongated
SP to be 4% in the general population, of which only 4%
display symptoms [7]. The SP presents with widely varied
morphology. The knowledge of the morphology of elongated
SP is immensely important to the ENT surgeons, Dental
surgeons, Anthropologists, Clinicians and Radiologists.

The prime objective of the present study was to know the
incidence of elongated SP, their angulations, thickness,
morphology and radiographic patterns of calcification in dry
human skulls.

MATERIALS AND METHODS

This descriptive study was conducted on 50 dry human skulls
of North Indian origin, irrespective of sex, obtained from the
bone keeping room of Anatomy Department of Government
Medical College Patiala, India, during January to April in 2016.
The skulls of children, skulls with broken SP and skulls with
any pathological conditions were excluded from the studly.
The present study mainly focused to estimate the incidence
of elongated SP, their length, thickness and angulations to the
different planes. The length and maximum thickness of the SP
(both at the level of its base and tip) were measured with the
help of digital Vernier calipers with the least count of 0.01 mm
[Table/Fig-1]. The base of SP was considered as the junction
of the petrous and tympanic portions of the temporal bone on
its Inferior surface [9]. SP with length more than 30 mm was
considered as an elongated SP [10]. According to the length,
the skulls were divided into two groups.

[Table/Fig-1]: Measurement of length with the digital Vernier
calipers.
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Group A: Length of SP <30 mm on both the sides.

Group B: Length of SP >30 mm on one or both the sides
(Elongated SP). Group B was further divided into two
subgroups.

Subgroup B1 with elongated SP on one side only. Subgroup
B2 with elongated SP on both the sides.

Angulations were measured with the help of a protactor. The
medial angle was defined as the angle on the medial side of
SP between its long axis and the line connecting the bases of
both SP [Table/Fig-2a] while the anterior angle was measured
between Frankfurt plane and long axis of the SP on its anterior
side [Table/Fig-2b]. Measurements of all the parameters
studied were tabulated and compared between the normal
and elongated SP.
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[Table/Fig-2a-b]: (a) Measurement of medial angulations with
protractor. Angle on the medial side of SP between its long axis and
the line joiningthe bases of both SP.

(b) Anterior angulations measured between the Frankfurt Plane and
the long axis of the SP on its anterior side.

Skulls with elongated SP were further evaluated radiologically
with digital X-ray to know their radiographic appearances and
patterns of calcification and classified according to Langlais’s
classification. However, CT is useful as an adjunct for the
information provided by panoramic radiographs, based on the
morphology of its elongation Langlais et al., [7] proposed a
new classification of elongated SP such as: Type I: Elongated
SP; Type II: Pseudo articulated SP; Type lll: Segmented SP
and according to the pattern of calcification: (a) elongated SP
with calcified outline, (b) elongated SP with partial calcification,
(c) elongated SP with nodular pattern of calcification, (d)
elongated SP with complete calcification.

STATISTICAL ANALYSIS

Statistical analysis of the values was done between the right
and left sides of SP by using the student ‘t’ test (paired ‘t’
test). The significance was given as p-value less than 0.05.
The SPSS version 15 (SPSS Inc., Chicago, IL, USA) was
used for performing the paired t test. The data were given as
meanzstandard deviation.

RESULTS
Out of the 100 sides of the 50 skulls, elongated SP (length
>30mm) was observed on nine sides. Out of which in five
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skulls, elongation was unilateral (R:L=3:2) [Table/Fig-3a] and
in two skulls, it was bilateral [Table/Fig-3b]. According to the
length 43 skulls were found to be of group A (86%) and seven
skulls of group B (14%). Out of the seven skulls of group B,
five were with unilateral (subgroup B1) and two with bilateral
(subgroup B2) elongation of SP.

The morphometric data of the SP obtained in the present
study is represented in [Table/Fig-4]

which depicts the mean
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value and ranges of length, anterior and medial angulations
and thickness at base and tip of the SP in the two groups
as obtained in the present study. The data was statistically
compared between the two sides of the skulls and difference
found to be insignificant (p>0.05).

[Table/Fig-5] depicts the values of different parameters of all
the skulls of Group B. It also classifies them depending upon
the radiological appearance and pattern of calcification of SP.

Based on the morphological characteristics of radiological
appearance, out of nine elongated SPs our study found seven
of type | [Table/Fig-6a], one each of type Il [Table/Fig-6b] and
type lll [Table/Fig-6¢]. According to pattern of calcification of
elongated SPs, we found six with partial calcification [Table/
Fig-7a], two with nodular complex pattern [Table/Fig-7b] and
one with complete calcification [Table/Fig-7c].

- DISCUSSION
[Table/Fig-3a-b]: (a) Skull with unilateral elongation of SP, (b) Skull 1) Incidence of Elongated SP: As observed in the present
with bilateral elongation of SR study out of 50 skulls, the elongated SP was seen unilaterally

Group B
Group A Length of SP (>30mm)
Length of SP (<30mm) (n=7) 14% Total
Parameter (n=43) 86% (Mean)
B1 (n=5) B2 (n=2) (n=50)
Side Mean Range Mean Range Mean Range
R 19.52 13-24 44 39-53 44 43-45 21.90+8.603
Length (mm)
L 19.32 12-23 36 35-37 39.5 38-41 20.80+5.757
Anterior angle R 57.50 56-63 58 47-67 57 53-61 57.50+2.682
(degree) L 59.40 54-61 59 55-63 56.5 54-59 59.30+2.288
Medial angle R 65.50 63-79 67.6 65-70 62 61-63 65.48+2.426
(degree) L 62.50 60-72 69 63-75 57.5 55-60 63.80+3.687
Thickness at base R 4.37 4.1-5.1 3.8 3.5-4.0 3.55 3.5-3.6 4.3+0.248
(mm) L 4.73 4.3-5.3 4.45 4.3-4.6 4.05 4.0-4.1 4.7+0.318
Thickness at the R 2.33 2.1-35 2.03 1.8-2.3 1.95 1.8-2.1 2.26+0.279
Tip (mm) L 2.51 2.3-3.8 2.45 2.4-2.5 21 2.0-2.2 2.49+0.301

[Table/Fig-4]: Showing morphometric values of different parameters of the SP under study.

Ea— . g AT Medial Thickness (mm) ' Radiographic? A.ppearance
No Side (inmm)| . Angle _ Angle At At Morphological Characteristics Patterns of
(in degree) | (in degree) Base Tip Types Nomenclature Calcifications
1a Right 43 53 63 3.6 1.8 | Elongated Partial
1b Left 38 54 55 4.0 2.2 | Elongated Complete
2a Right 45 61 61 3.5 2.1 Il Segmented Nodular Complex
2b Left 41 59 60 41 2.0 | Elongated Partial
3 Right 53 67 70 3.5 1.8 | Elongated Partial
4 Right 40 47 65 3.9 2.3 Il Segmented Nodular Complex
5 Right 39 60 68 4.0 2.0 | Elongated Partial
6 Left 37 55 75 4.3 2.4 | Elongated Partial
7 Left 35 63 63 4.6 2.5 | Elongated Partial

[Table/Fig-5]: Showing length, angulations and thickness of elongated SP.
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[Table/Fig-6a-c]: (a) Elongated SP with uninterrupted integrity,
(o) Pseudo-articulated SP with single pseudo articulation,
(c) Segmented short or long continuous portions of SP.

[Table/Fig-7a-c]: (a) Partially calcified SP with thicker radioopaque
outline, (b) Nodular complex knobby or scalloped outline which may
be partial calcification, (c) Completely calcified SP with no interior
radiolucency.

in five skulls (10%) and bilaterally in two skulls (4%). [Table/
Fig-8] compares the incidence of elongated SP with the earlier
studies.

Author (year) Undir Study | 0

Eagle et al., [1] (1958) - 4.0
Keur et al., [11] (1986) - 30
Rath et al., [12] (1991) Indian 0.40
Gozil et al., [13] (2001) - 13.3
llguy et al., [14] (2005) Turkish 3.7
Kursoglu et al., [15] (2005) Turkish 83.6
Sisman et al., [16] (2009) - 7.7
Bagga et al., [17] (2012) Indian 521
Natsis et al., [18] (2014) Greek 26.7
Patil et al., [19] (2014) Indian 14
Vadgaonkar et al., [20] (2015) Indian 4.5
Vieira et al., [21] (2015) Central brazilian 43.89
Present study (2016) Indian 9

[Table/Fig-8]: Showing comparison of incidence of elongated SP.

As evident from [Table/Fig-8] incidence of elongated SP
varies between 0.40% to 83.6% in dry skull. However,
all of the earlier authors are silent about the unilateral or
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bilateral elongation of SP, the same is being reported here.
The elongation is seen more frequently unilaterally (10%) as
compared to bilaterally (4%). As far as side preponderance is
concerned, it is seen more frequently on the right side (three
out of five unilateral elongations) as compared to the left (two
out of five elongations). Thus it is in consonance with earlier
studies done by Natsis et al., [18] who reported it to be more
frequent on the right side than the left in Greek population
whereas it is contrary with the findings of Vadgaonkar et al.,
[20] who studied dried skulls of South Indian origin and found
it to be more on the left side.

2) Length of SP: As evident from [Table/Fig-4], the mean
length of SP was more on the right side as compared to the
left in all the groups (group A, B1 and B2). While the difference
was just 0.2 mm in group A, it was much more in group B1

AL () ui%%ﬂlasii:gy Mea(%lj)ngth

Gozil et al., [13] (2001) Turkish 28.42

Patil et al., [19] (2015) Indian 23.8
Monsour et al., [22] (1986) | - 29.20
Camarda et al., [23] (1989) | Canadian 10
Basekim et al., [24] (2005) | Turkish 28.30
Balcioglu et al., [25] (2009) | Turkish 22.54
Shaik et al., [26] (2013) Saudi Arabian 36.7
Present study (2016) Indian 21.90(R), 20.80(L)

[Table/Fig-9]: Showing comparison of the mean of length of SP.

(8mm) and group B2 (4.5mm). This indicates that when the SP
is of normal length the difference on two sides is not marked
but when it is elongated the length increases much more on
the right side than the left. For the same reasons incidence
of elongated SP is more on the right side. The present study
reported the presence of side asymmetry in the elongated SP.
The same was also found by Rath and Anand [12], according
to them this side asymmetry with more incidence of right
sided elongated SP might be due to the fact that right side of
the jaw was more active during mastication specially in right
handed person. [Table/Fig-9] compares the mean length of
SP as observed by earlier workers with our findings. In all of
these the length varies between 22-29 mm except in a study
by Camarda et al., [23] and Shaik et al., [26] who found it to
be 10 mm and 36.7 mm respectively. This difference may be
attributed to the racial factors.

Clinical implications: Although, elongation of SP is not an
uncommon phenomenon, it causes symptoms rarely. It may
cause various problems giving rise to a clinical syndrome
popularly known as Eagle’s syndrome. It may also compress
the surrounding anatomical structures in the neck region like
carotid artery, sympathetic plexus around the artery, vagus
nerve and cause difficulty in deglutition, foreign body sensation
in the neck, pain during rotation of neck, and carotid pain.

International Journal of Anatomy, Radiology and Surgery. 2017 Jan, Vol-6(1): AO07-AO13



l . . WWW-ija"S-net

In extreme condition compression over sympathetic plexus
can give rise to myocardial infarction. There are few other
clinical conditions like cervical osteophytes, spondylosis, and
anomalies of vertebral arterial system which may be associated
with elongated SP as an incidental finding. Elongation due to
ossification of stylohyoid ligament makes it very fragile and if
present may get fractured following trivial trauma.

3) Angulations of SP: As evident from [Table/Fig-4] the
mean of anterior angulations of SP was more on the left as
compared to the right in group A and B1, while the reverse
was true in group B2.

However, the difference was statistically insignificant in all the
groups. The mean of medial angulations of SP was more on
the right than on the left in group A and B2 whereas in group
B1 it was more on the left side. These differences were also
statistically insignificant. [Table/Fig-10] compares the mean
values of anterior and medial angulations as observed by the
earlier authors with the present study. While our results are
almost in consonance with Patil et al., [19], there seems to
be a great difference with others viz. Yavuz et al., [27] and
Mazzetto et al., [28]. It is because of the fact that, these
authors have measured the angles with respect to the vertical
plane while in the present study these were measured with
respect to the horizontal plane. If we deduce these angles
with respect to the horizontal plane then these turn out to be
70.10°, 69.11° as anterior angulations and 73.60°, 70.90° as
medial angulations which are almost in consonance with our
study.

Mean of Anterior| Mean of Medial

Author (year) | Population Angulations Angulations
(degree) (degree)

Patil et al., [19] '
(2014) Indian 62.45 74.15
Yavuz et al., )
[27] (2008) Turkish 19.90 16.40
Mazzeto etal, | g jjan 20.89 19.1(R), 19.04()
[28] (2013) ' e
Present study :
(2016) Indian 57.50(R), 59.30(L) | 65.48(R), 63.80(L)

[Table/Fig-10]: Showing comparison of the means of angulations.

Clinical implications: liguy et al., [14] described a variety of
factors that cause symptoms of styalgia or Eagle’s syndrome,
including the length, width, angulations, direction of deviation
and the degree of calcification of the SP. The direction and
angulations of the elongated SP have been held responsible by
Strauss et al., [29] for irritating the nerves and vessels passing
through the parapharyngeal space. Length of SP being in
normal range, its medial deviation can cause impingement
of the structures in the tonsillar fossa [30], while anterior
deviation may irritate the mucosa and cause pressure damage
over vital structures lying in the same area [27]. An elongated
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SP with slight deviation from its normal direction can cause
impingement of the internal or external carotid artery within the
carotid sheath leading into its painful palpation as it stimulates
the sympathetic plexus accompanying the artery [31].

4) Thickness of SP: As evident from [Table/Fig-4], the
thickness of SP both at the base and tip was more on the left
side than on the right in all the groups (group A, B1, B2). This
may be due to the fact that the mean of length of SP was more
on the right side than on the left in all the groups. Thus these
observations can lead us to conclude that right SP grows
more in length while left SP grows more in thickness in both
the groups i.e., normal and elongated SP. The mean thickness
at the base of the SP was 4.3+0.248 mm and 4.7+0.318 mm
on the right and left sides, respectively. Whereas, at the tip
the same parameter was 2.26+0.279 mm and 2.46+0.301
mm on the right and left sides, respectively. The difference of
thickness between the two sides was statistically insignificant
both at the level of the base and tip. As there is scarcity of
literatures discussing thickness of SP, the findings of our study
could only be compared with the findings of Vadgaonkar et
al., [20], who reported base thickness to be 4.4 mm which is
almost in consonance with our findings.

Clinical implications: An unusual increase in thickness at the
base of SP can cause facial nerve compression while coming
out of stylomastoid foramen. However, thickness of the tip is
clinically more important as it is related to the neurovascular
bundle. As SP increases in length, its tip becomes sharper
and may cause injury to the neurovascular bundle.

5) Radiographic classification of elongated SP: There are
many variations in the radiographic pattern of elongated styloid
chain including the uninterrupted integrity of mineralised SP,
presence of pseudo-articulation, presence of short and long
segments of mineralised ligament and patterns of calcification.
Therefore, to describe the radiographic appearance of
elongated SP it is necessary to define its morphological type
of elongation and pattern of calcification. Langlaiset al., [7]
proposed a simple and useful radiographic classification of
elongated SP based on the type of elongation and patterns
of calcification [Table/Fig-11,12]. We have followed the similar
classification in the present study to describe the morphology
and patterns of calcification of the SP. The digital panoramic
radiographs rather than computed tomography were used
to find types and patterns of calcification of elongated SP.
Type | morphology with partial calcification was found to be
the most common radiographic pattern in the present study.
Similar findings were noticed by liglyet al., [14] and Bagga et
al., [17]. Reddy et al., [32] reported type | as most common
morphological type of elongated SP while completely calcified
pattern as the most prevalent in south Indian population.

Clinical implications: Panoramic radiographs help not
only to define the type of elongated SP but also classify
them according to pattern of calcification. Elongated SP
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Types | Nomenclature Radiographic Appearances

| Elongated Uninterrupted integrity of styloid image
(>25-28 mm)

Il Pseudo- Styloid process is joined to the

articulated mineralised stylomandibular or

stylohyoid ligament by a single pseudo
articulation, usually located superior to
inferior border of the mandible.

1l Segmented Short or long continuous portions of
the styloid process or uninterrupted
segments of mineralised ligament

[Table/Fig-11]: Different types of elongated SP depending upon

morphological characteristics.

Patterns
Calcified Outline

Radiographic Appearances

Thin radiopaque cortex and a central
lucency that constitutes most of the process

Partially Calcified Thicker radioopaque outline with almost
complete opacification as well as small and

occasionally discontinuous radiolucent core.

Knobby or scalloped outline which may
be partially calcified with varying degree of
central radiolucency.

Nodular Complex

Totally radiopaque with no evidence of
radiolucent interior

Completely
Calcified

[Table/Fig-12]: Different patterns of elongated SP depending upon

its calcification.

may remain asymptomatic or may present with features of
compression symptoms to the surrounding structures. If any
of the symptoms exist, digital palpation of the SP is a simple
diagnostic procedure during the routine examination. SP with
normal length is not usually palpable, so the digital palpation
may easily reveal the problem. In addition to the physical
examination, use of non-invasive imaging method such as
Panoramic radiographs is gold standard to confirm the final
diagnosis and plan intervention accordingly. .

Ontogeny: Embryologically an independent cartilage anlage
near the dorsal end of second pharyngeal arch cartilage,
also closely related to the developing ear, ossifies to form the
SP of the temporal bone. The part of the cartilage between
the SP and hyoid bone regresses; its perichondrium forms
the stylohyoid ligament and the ventral end of the second
arch cartilage ossifies to form the lesser cornu of the hyoid
[33].0Occasionally ossification of the second arch cartilage
may extend from the SP along the stylohyoid ligament.
However, various authors have made an effort to explain its
aetiopathogenesis but it remains questionable. According
to Steinmann [34], calcified stylohyoid ligament is a
developmental malformation. Embryologically the stylohyoid
chain is composed of four distinct segments namely,
tympanohyal, stylohyal, ceratohyal and hypohyal. These four
segments ossify separately in parts. The SP which develops
from tympanohyal and stylohyal segments usually fuse at the
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age of puberty. The hypohyal segment gives rise to the lesser
cornu. The stylohyoid ligament which connects SP with lesser
cornu originates from the ceratohyal segment [4]. Although
various authors have proposed different theories regarding
causation of SP elongation, the actual cause still remains
unknown. Murtagh et al., [35] proposed various theories of
elongation, such as:

1. Congenital elongation due to persistence of a cartilaginous
anlage.

2. Calcification of the stylohyoid ligament by an unknown
cause.

3. Growth of osseous tissue at the insertion of the stylohyoid
ligament.

Accordingly findingsin our study fitinto the theory of calcification
of the stylohyoid ligament due to unknown cause.

LIMITATION

Sample size was comparatively small in our study and also we
didn’t consider sex of the sample as our study was done on
dry human skulls.

CONCLUSION

Elongated SP (length>30 mm) was seen more frequently
unilaterally (10%) as compared to bilateral (4%). When
bilateral, it was more on right side as compared to the left side.
Whether normal or elongated, the length of SP was more on
right side as compared to the left side and thickness at base
and tip was more on left side as compared to the right side.
Thus, right SP grows more in length while left grows more in
thickness. An elongated SP is important not only clinically but
also academically and ontogenically.
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