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Background: The aim of this study was to examine the morphologic features of 
the stylohyoid complex (SHC) and its relation to maxillomandibular position using 
three-dimensional cone beam computed tomography (CBCT) images.
Materials and methods: CBCT images from 157 individuals (74 females, 83 males) 
were analysed in this study. SHC length, width, and sagittal and transverse angles 
were measured. The subjects were grouped as skeletal class I, II, and III in order 
to determine the relative positions of the maxilla and mandible in the sagittal 
plane and as hypodivergent, normodivergent, and hyperdivergent according to 
the vertical rotation of the mandible in relation to the skull base. Mann-Whitney U  
and Kruskal-Wallis H tests were used for statistical analysis.
Results: Mean SHC length was 23.56 ± 8.05 mm on the right side and 22.0 ±  
± 6.51 mm on the left; mean SHC width was 3.31 ± 1.40 mm on the right and 
2.93 ± 1.30 mm on the left. Mean sagittal angle was 27.43 ± 6.75° on the right 
side, 27.70 ± 6.51° on the left; mean transverse angle was 70.39 ± 4.59° on the 
right side and 71.79 ± 4.99° on the left. The only significant difference based on 
skeletal classification was greater SHC length among males compared to females 
in the class III group (p < 0.05). 
Conclusions: No significant relationship was observed between SHC morphology 
and position of the maxilla or mandible. However, the gender difference observed 
among class III subjects suggests that SHC morphology may be affected by cran-
iofacial morphology. Maxillofacial surgeons should investigate this anatomical 
landmark variation before surgical interventions involving this region, such as 
temporomandibular joint procedures. (Folia Morphol 2020; 79, 1: 148–155)
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INTRODUCTION
Processus styloideus (SP) is a cylindrical bony 

projection that extends from the inferior surface of 
the temporal bone immediately anterior to foramen 
stylomastoideum and continues as ligamentum sty-
lohyoideum (SHL), which terminates in attachment 
to cornu minus of os hyoideum [7, 25]. The major 
structures attached to the SP are musculus stylo-
pharyngeus, musculus stylohyoideus and musculus 
styloglossus, and ligamentum stylohyoideum and 
ligamentum stylomandibulare [13]. Musculus stylo-
hyoideus originates from the SP and attaches to the 
cornu majus of os hyoideum, and its main function 
is to lift os hyoideum while swallowing.

Together, the SP, SHL, and cornu minus of os hy-
oideum form the stylohyoid complex (SHC). While the 
peak of SP is located lateral to the pharyngeal wall 
between the internal and external arteries, the close 
association of the SHC with nervus glossopharyngeus, 
nervus vagus, nervus accessorius, and nervus hypoglos-
sus as well as vascular structures such as vena jugularis 
interna and arteria maxillaris is important [24, 27].

Various studies on the morphological properties 
of the SHC have reported pathological abnormali-
ties such as SP elongation, SHL ossification, and os 
hyoideum elongation [6, 7, 11, 18]. Due to the close 
proximity of the SHC to neurovascular structures, such 
pathological anomalies can give rise to a variety of 
symptoms. These symptoms were first described in 
1937 by Eagle, and include shooting pain from the 
pharynx to the ear, difficulty swallowing, and foreign 
body sensation in the throat, comprising a condition 
known as Eagle syndrome. In addition to elongation 
or calcification of the SHC, it is believed that variations 
in angulation and thickness may also create pressure 
on the neighbouring anatomic structures, thereby 
causing discomfort [6, 14, 24]. 

Although several methods are used to visualise 
the SHC and its calcification, including panoram-
ic radiographs, posteroanterior images, and lateral 
cephalometric radiographs [1, 20, 23, 25], cone beam 
computed tomography (CBCT) has become the pre-
ferred imaging modality in recent years because it 
provides more detailed images and more accurate 
data [6, 20].

According to the functional matrix theory, skeletal 
units (the bony structures supporting and protecting 
the functional units) grow and adapt according to 
changes occurring in the functional units (muscles, 
cavities, neurovascular structures, etc.) [21]. In other 

words, the growth and formation of skeletal struc-
tures is influenced by functional processes. Although 
the development of the maxillomandibular complex 
is affected by neighbouring structures, changes in 
these structures and their functions may in turn im-
pact other structures. The relationship between os 
hyoideum and various orthodontic anomalies has 
been studied previously [9, 12, 19], but there are no 
studies in the literature regarding the connection 
between os hyoideum and os temporale.

The aim of this study was to investigate the possi-
ble correlation of maxillary and mandibular malocclu-
sions with SHC morphology, particularly the incidence 
and variations of SHL calcification.

MATERIALS AND METHODS
This retrospective study included CBCT data from 

157 patients (74 females, 83 males; minimum age:  
18 years, maximum age: 73 years, mean age: 37.4 
years) who were treated at the Ankara University 
Dentistry Faculty for various reasons. Ethical approval 
for the study was obtained from the Ankara University 
Faculty of Dentistry Ethics Committee (IRB number: 
36290600/11). Using the studies and the data from 
the literature, sample size was calculated using the 
G*power 3.0.10 programme (Universität Düsseldorf, 
Germany). Considering an alpha significance level 
of 0.05 and a statistical power of 0.80, the study 
required at least 42 patients in each group. 

Exclusion criteria for the study included:
 — presence of bone disease (osteoporosis, etc.);
 — history of trauma;
 — history of surgery in the maxillofacial region;
 — presence of congenital anomalies (cleft lip/palate, 
etc.); 

 — history of tumours or similar malignant pathology 
in the maxillofacial region.
In addition, CBCT scans with poor image quality 

that precluded effective evaluation were excluded 
from the study.

Three-dimensional (3D) images were obtained 
using a standard imaging protocol and a Planmeca 
3D MAX device (Planmeca, Helsinki, Finland). All con-
structions were performed on a 21.3-inch flat-panel 
colour-active matrix TFT medical display (NEC Multi-
Sync MD215MG, Munchen, Germany) with a resolu-
tion of 2048 × 2560 at 75 Hz and 0.17-mm dot pitch 
operated at 11.9 bits. Heads of the patients were fixed 
to minimise movement artefact. CBCT images were 
exported in Digital Imaging and Communications in 
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Medicine (DICOM) format. Romexis 3.7 (Planmeca, 
Helsinki, Finland) software programme was used to 
generate 3D models, measurements and orthodontic 
analysis. The software is capable of correction of head 
virtually. Thus, if any discrepancies were seen in the 
head position, using the software capabilities, the 
Frankfurt line and head position were adjusted and 
standardised to the same position for all patients in 
a semi-automatic fashion.

The SHC was evaluated using a modified version of 
the classification created by O’Carroll and Jackson [22].  
According to this system, the vertical position of the 
SP is evaluated as either higher than foramen mandib-
ulae or aligned with/lower than foramen mandibulae. 

Sagittal images were used to measure the length 
and width of the SP and to calculate the distance 
between the base of the SP and the highest point of 
SHC ossification (Fig. 1). If segmental ossification was 
observed, the non-ossified regions were included in 
the measurement. SHC width was measured as the 
widest distance visible on the sagittal plane [6]. In 
order to evaluate the angulation of the SP in sagittal 
sections, the Frankfort horizontal plane (FH) passing 
through the highest point of porus acusticus externus 
and the lower edge of aditus orbitalis was formed and 
a vertical line was made 90° to this plane. The sagittal 
angle was measured as the angle between the long 
axis of the SP and the vertical line descending from 
the FH (Fig. 2A). The transverse angle was measured 
on anteroposterior images as the angle between the 
long axis of the SP and the line connecting the SP 
bases on each side (Fig. 2B) [14]. 

ANB angle was used to determine the position 
of the maxilla and mandible relative to each other 
in the sagittal plane (Fig. 3) [29, 30]. This angle is 
determined as the angle between point A, which is 
the most concave point of the anterior maxilla, the 
nasion (N), which is the anteriormost point of sutura 
frontonasalis, and point B, which is the deepest point 
of the anterior mandible. Steiner claimed that 2 ± 2° 
should be accepted as the average size of this angle. 
Based on ANB angle, the subjects were grouped into 
sagittal skeletal classes as follows:

 — class I: ANB 0–4°; mandible is in a normal position 
relative to the maxilla;

 — class II: ANB > 4°; mandible is retruded and/or 
maxilla is protruded;

 — class III: ANB < 0°; mandible in protruded and/or 
maxilla is retruded.

The GoGn/SN angle was used to enable classi-
fication in the vertical plane (Fig. 3) [29]. The line 
connecting the geometric centre of the sella turcica, 
or point S, and point N was used to represent the 
anterior cranial base [26]. The lowest and poste-
riormost point of angulus mandibula margin was 
identified as the gonion (Go), while the lowest and 
anteriormost point of the symphysis mandibula was 
accepted as the gnathion (Gn). The line connecting 
these two points was considered the mandibular 
plane. Accordingly, the angle between the anterior 

Figure 1. Three-dimensional reconstructed cone beam computed 
tomography images showing the measurement of the length of the 
processus styloideus (SP) (A) and measurement of the width of the 
SP (B).

Figure 2. Three-dimensional reconstructed cone beam computed 
tomography images showing the measurement of the sagittal  
angle (A) and measurement of the transverse angle (B).

Figure 3. Three-dimensional reconstructed cone beam computed  
tomography images showing the measurement of ANB and GoGn/SN  
angles.

A B

A B
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cranial base and the mandibular plane was used to 
determine the rotational pattern and vertical orien-
tation of the mandible. The average GoGn/SN angle 
is assumed to be 32°. In our study, we categorised 
the subjects as follows:

 — normodivergent: GoGn/SN angle 32 ± 6° and 
mandibular rotation within normal range;

 — hypodivergent: GoGn/SN angle < 26° and man-
dibular counterclockwise rotation; vertical dimen-
sions are generally decreased;

 — hyperdivergent: GoGn/SN angle > 38° and man-
dibular clockwise rotation; vertical dimensions are 
generally increased.

Statistical analysis

SPSS (Statistical Package for Social Sciences) 22.0 
for Windows (SPSS Inc., Chicago, IL, USA) was used 
for statistical analysis. All measurements were done 
twice by a single observer. To assess intra-observer 
reliability, the Wilcoxon matched-pairs signed rank 
test was used for repeat measurements.

The Kruskal-Wallis H test was used to compare right 
and left SHC morphology according to the sagittal and 
vertical cephalometric groups, while the Mann-Whit-
ney U test was used for gender-based comparisons. 
Statistical significance was accepted at p < 0.05. 

RESULTS
Repeated CBCT evaluation and measurements 

showed no significant intra-observer variation (p > 0.05).  
All measurements were found to be highly repro-
ducible, with no significant difference between pairs 
of measurements made by the observer (p > 0.05). 

The distribution of individuals according to skel-
etal sagittal (class I, class II, class III) and vertical 
(hypodivergent, normodivergent, hyperdivergent) 
classifications are shown in Table 1. 

Descriptive statistics regarding the distribution of 
the subjects and the SHC length are also given in Table 1.  
SHC length, width, and sagittal and transversal angu-
lations on the right and left sides are shown in Table 2. 

The mean ANB and GoGn/SN angles are shown in 
Table 3, and no significant gender-based differences 
were observed in any of the groups. 

Stylohyoid complex length, width, and transverse 
and sagittal angles did not differ significantly on the 
right or left side between the skeletal class I, II, and 
III groups (Table 4). When the same parameters were 

Table 1. Distribution of patients according to gender, skeletal 
sagittal and vertical classifications, processus styloideus (SP) 
and stylohyoid complex lengths 

N Per cent

Gender:

Female 74 47.1

Male 83 52.9

Skeletal sagittal classification:

Class 1 59 37.6

Class 2 74 47.1

Class 3 24 15.3

Skeletal vertical classification:

Hypodivergent 39 24.8

Normodivergent 92 58.6

Hyperdivergent 26 16.6

SP (right):

Higher 122 77.7

Lower 15 9.6

Aligned 20 12.7

SP (left):

Higher 117 74.6

Lower 20 12.7

Aligned 20 12.7

Stylohyoid complex (right):

< 30 132 84.1

≥ 30 25 15.9

Stylohyoid complex (left):

< 30 141 89.9

≥ 30 16 10.2

Table 2. Descriptive statistics of stylohyoid complex measurements for all patients (n = 157) 

Right Left

Mean ± SD Minimum Maximum Mean ± SD Minimum. Maximum

Length [mm] 23.56 ± 8.05 10.7 65.2 22.0 ± 6.51 6.4 48.5

Width [mm] 3.31 ± 1.40 0,4 9.2 2.93 ± 1.30 0.3 7.3

Sagittal angle [°] 27.43 ± 6.75 8 46 27.70 ± 6.51 12 43

Transverse angle [°] 70.39 ± 4.59 59 95 71.79 ± 4.99 59 100

SD — standard deviation



152

Folia Morphol., 2020, Vol. 79, No. 1

compared according to gender, no difference was 
observed between men and women in class I and 
class II patients. However, in the class III group, SHC 
on both the right and left side was longer in males 
than in females (p < 0.05; Table 5).

There were no significant differences in SHC mor-
phological measurements in hypodivergent, normodi-
vergent, and hyperdivergent subjects when compared 
between the right and left sides or by gender (Tables 
6 and 7). 

DISCUSSION
Previous studies suggested that dental and skel-

etal facial morphology may vary among different 
ethnic groups. Sathler et al. [28] stated that inter-
incisal angle and overbite is smaller in Caucasians 
compared to Mongoloid and Brazilian-Japanese 
individuals. It was also concluded that craniofacial 
differences may be observed between Caucasians 
and Japanese individuals in both class II division 1 
and class III malocclusions [16, 17]. So, all patients 

Table 3. Mean, minimum and maximum values of ANB and GoGn/SN angles for study groups, and comparison of mean values  
between genders by Mann-Whitney U test

Female Male P

Min. Max. Mean ± SD Min. Max.

ANB [°] Class I 2.09 ± 1.20 0.10 3.90 2.56 ± 1.13 0.10 3.90 0.134

Class II 6.37 ± 1.42 4.20 10 6.48 ± 2.50 4.80 15 0.411

Class III –3.99 ± 3.28 –11 –0.20 –3.40 ± 3.42 –11 –0.03 0.583

GoGn/SN [°] Normodivergent 32.28 ± 3.33 26 37 31.17 ± 3.19 26 38 0.096

Hypodivergent 21.86 ± 2.48 17 25 22.72 ± 2.82 14 25 0.151

Hyperdivergent 44.79 ± 5.15 39 54 44.42 ± 4.14 39 52 0.938

Min. — minimum; max. — maximum; SD — standard deviation

Table 4. Comparison of stylohyoid complex measurements between classes I, II and III groups for right and left sides by Kruskal-Wallis  
h test 

Right Left

Class I  
(n = 59)

Class II  
(n = 74)

Class III  
(n = 24)

h p Class I  
(n = 59)

Class II  
(n = 74)

Class III  
(n = 24)

h p

Length [mm] 24.50 ± 9.19 23.48 ± 7.71 21.49 ± 5.60 1.7 0.436 21.74 ± 6.85 22.12 ± 6.62 22.28 ± 5.42 0.3 0.854

Width [mm] 3.26 ± 1.52 3.40 ± 1.32 3.14 ± 1.38 1.2 0.551 2.84 ± 1.32 2.99 ± 1.33 2.96 ± 1.18 0.5 0.765

Sagittal angle [°] 26.15 ± 6.52 28.31 ± 6.58 27.88 ± 7.59 4.5 0.107 26.69 ± 6.63 28.45 ± 6.25 27.88 ± 0.94 1.6 0.449

Transverse angle [°] 70.00 ± 4.07 70.62 ± 5.02 70.67 ± 4.57 0.1 0.955 71.78 ± 4.14 71.35 ± 5.48 73.17 ± 5.27 2.4 0.294

Table 5. Comparison of stylohyoid complex measurements between genders for classes I, II and III groups by Mann-Whitney U test

Class I (n = 59) Class II (n = 74) Class III (n = 24)

Female  
(n = 27)

Male  
(n = 32)

P Female  
(n = 35)

Male  
(n = 39)

P Female  
(n = 12)

Male  
(n = 12)

P

RI
GH

T Length [mm] 24.68 ± 8.28 24.35 ± 10.03 0.498 23.14 ± 6.28 23.78 ± 8.86 0.829 19.94 ± 5.27 23.04 ± 5.71 0.023*

Width [mm] 3.19 ± 1.68 3.32 ± 1.40 0.471 3.25 ± 0.89 3.54 ± 1.61 0.725 3.52 ± 1.46 3.16 ± 1.35 0.817

Sagittal angle [°] 24.85 ± 5.99 27.25 ± 6.83 0.145 27.89 ± 7.20 28.69 ± 6.04 0.688 26.67 ± 6.62 29.08 ± 8.56 0.258

Transverse angle [°] 69.67± 4.23 70.28 ± 3.97 0.298 69.89 ± 3.72 71.28 ± 5.92 0.274 69.92 ± 2.99 71.42 ± 5.79 0.642

LE
FT Length [mm] 22.64 ± 6.82 20.97 ± 6.89 0.294 22.20 ± 5.46 22.04 ± 5.46 0.701 20.70 ± 4.65 23.85 ± 5.86 0.038*

Width [mm] 2.98 ± 1.38 2.73 ± 1.27 0.568 2.83 ± 0.98 3.13 ± 1.58 0.418 2.89 ± 1.03 3.02 ± 1.36 0.885

Sagittal angle [°] 25.89 ± 6.50 27.38 ± 6.77 0.451 28.34 ± 6.23 28.54 ± 6.36 0.807 27.58 ± 6.61 28.17 ± 7.47 0.643

Transverse angle [°] 70.26 ± 4.06 73.06 ± 3.80 0.154 70.69 ± 4.34 71.95 ± 6.33 0.474 72.50 ± 3.94 73.83 ± 6.45 0.685

*p < 0.05
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included in this study were Caucasians to avoid 
confounding.

The length of the SHC varies between individuals 
but is accepted as 30 mm on average. İlgüy et al. 
[14] reported that the average SHC length was 22.25 
mm in their study, and stated that normal values may 
range from 19 to 28 mm. They asserted that meas-
urements above these values should be considered 
‘elongated’. In another study using multidetector 
computed tomography, the mean SP length was 26.8 
mm, and 32% of the individuals had an elongated SP 
[24]. However, Jung et al. [18] stated that SP length 
had a mean of 28 mm and may vary in the 23–36 
mm range. According to these authors, SP lengths 
greater than 45 mm should be considered elongated. 

In the present study, the mean SHC length was 
23.56 ± 8.05 mm on the right side and 22.0 ± 6.51 mm  
on the left side (Table 2). Therefore, our results support 
the evidence suggesting that SHC length over 30 mm 
may be defined as elongated. In a study by Dönmez et 
al. [10] conducted with CBCT images, SP length was 
greater than 30 mm in 15.1% of the images. Consis-
tent with their results, we detected an ‘elongated’ SHC 

on the right side in 25 (15.9%) and on the left side in 
16 (10.2%) of the 157 individuals whose CBCT images 
were analysed in our study (Table 1). 

Individuals with longer SHC typically experience 
unpleasant symptoms such as pain and foreign body 
sensation in the throat, discomfort while swallowing, 
and recurrent headaches and facial pain [14]. Not 
only the length but also the angulation of the SHC is 
believed to potentially increase the pressure on neural 
and vascular structures, leading to symptoms or aggra-
vating existing complaints. Başekim et al. [4] reported 
that the transverse angle may vary between 60.6° and 
84.1° (mean 69.4°), and that reduction of this angle 
may cause various symptoms. Andrei et al. [2] reported 
the mean transverse angle to be 66.74°. İlgüy et al. [14] 
stated that the mean size of this angle was 66.4° and 
also proposed that narrowing of this angle may cause 
pressure on arteria carotis externa due to its close prox-
imity to the SHC. They reported the mean size of the 
sagittal angle, also called the anteroposterior angle, 
to be 25.66° for the right side and 25.46° for the left 
side. They suggested that a change in this angle may 
cause compression of the IX–XIIth cranial nerves, arteria 

Table 6. Comparison of stylohyoid complex measurements between normo-/hypo-/hyperdivergent groups for right and left sides by 
Kruskal-Wallis h test

Right Left

Normo
divergent  
(n = 92)

Hipo
divergent  
(n = 39)

Hiper
divergent  
(n = 26)

h P Normo
divergent  
(n = 92)

Hipo 
divergent  
(n = 39)

Hiper
divergent  
(n = 26)

h P

Length [mm] 23.87 ± 8.93 22.39 ± 5.41 24.22 ± 8.15 0.3 0.871 21.80 ± 6.15 21.45 ± 6.76 23.53 ± 7.35 1.1 0.565

Width [mm] 3.21 ± 1.34 3.55 ± 1.61 3.29 ± 1.32 0.6 0.726 2.97 ± 1.35 3.05 ± 1.23 2.59 ± 1.20 2.9 0.237

Sagittal angle [°] 27.55 ± 6.45 27.38 ± 7.61 27.08 ±  6.69 0.6 0.731 27.57 ± 6.07 28.26 ± 7.11 27.35 ± 7.25 1.2 0.553

Transverse angle [°] 70.36 ± 4.00 70.90 ± 5.92 69.77 ±4.40 0.9 0.645 71.80 ± 4.74 72.51 ± 5.59 70.65 ± 4.88 2.2 0.331

Table 7. Comparison of stylohyoid complex measurements between genders for normo/hypo/hyperdivergent groups by  
Mann-Whitney U test

Normodivergent (n = 59) Hypodivergent (n = 39) Hyperdivergent (n = 26)

Female  
(n = 27)

Male  
(n = 32)

P Female  
(n = 21)

Male  
(n = 18)

P Female  
(n = 14)

Male  
(n = 12)

P

RIGHT Length [mm] 23.82 ± 7.96 23.91 ± 9.66 0.651 23.13 ± 4.81 21.52 ± 6.07 0.304 24.17 ± 7.02 24.28 ± 9.64 0.918

Width [mm] 3.04 ± 1.22 3.34 ± 1.42 0.236 3.21 ± 1.33 3.94 ± 1.84 0.278 3.71 ± 1.38 2.80 ± 1.09 0.166

Sagittal angle [°] 26.23 ± 7.02 28.53 ± 5.88 0.157 27.81 ± 7.63 26.89 ± 7.78 0.985 27.79 ± 6.94 26.25 ± 6.58 0.455

Transverse angle [°] 70.21 ± 4.55 70.47 ± 3.58 0.381 70.00 ± 3.78 71.94 ± 7.70 0.373 69.71 ± 4.44 69.83 ± 4.55 0.979

LEFT Length [mm] 21.87 ± 5.00 21.75 ± 6.92 0.575 23.42 ± 6.91 19.14 ± 5.96 0.065 23.56 ± 7.19 23.50 ± 7.85 0.797

Width [mm] 3.03 ± 1.33 2.93 ± 1.38 0.853 3.02 ± 1.04 3.09 ± 1.44 0.977 2.42 ± 0.88 2.78 ± 1.50 0.757

Sagittal angle [°] 26.69 ± 6.08 28.21 ± 6.04 0.336 27.86 ± 6.86 28.72 ± 7.58 0.631 28.79 ± 7.52 25.67 ± 6.85 0.267

Transverse angle [°] 70.97 ± 5.17 72.42 ± 4.35 0.089 71.48 ± 3.64 73.72 ± 7.16 0.276 70.57 ± 5.20 70.75 ± 4.71 0.777
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carotis interna, or vena jugularis interna, depending 
on the posterior position of the SHC. The mean SHC 
thickness was 4.8 mm in their study and there was  
a correlation between SHC thickness and anteropos-
terior angle. Büyük et al. [6] observed a positive 
correlation between the anterior sagittal angle and 
SHC length; larger sagittal angle was associated with  
a longer SHC. The mean SHC thickness was 3.97 mm 
in females and 4.44 mm in males in their study. 

Based on the results of the present study, the 
mean transverse angle was 70.39 ± 4.59° on the 
right side and 71.79 ± 4.99° on the left side. Mean 
sagittal angle was 27.43 ± 6.75° on the right side and 
27.70 ± 6.75° on the left. Mean SHL thickness was 
found to be 3.31 mm on the right and 2.93 mm on 
the left (Table 2). These transverse and sagittal angle 
sizes support previous studies, whereas SHC thickness 
was lower in our study [6, 14]. However, it should 
be kept in mind that these values may vary between 
individuals and populations, and may be influenced 
by age and gender distribution. 

Due to the interconnected nature of the craniofa-
cial structures, a structural change in one of them is 
expected to lead to changes in the other structures 
as well. Os temporale is at the centre of the dynamic 
craniofacial complex and interacts with the lobus 
temporalis of telencephalon, the central face, and the 
mandible during growth and development [5, 8]. An-
chored on the SP extending from the posterior surface 
of os temporale, the SHL and musculus stylohyoideus 
extend to os hyoideum. Kumar Jena and Duggal [19] 
have reported that os hyoideum might be positioned 
more posteriorly in patients with a vertical growth 
model, while Deljo et al. [9] proposed a correlation 
between the position of os hyoideum and the posi-
tion of the cranial base/maxilla. Graber [12] observed 
inferoposterior movement of os hyoideum consistent 
with the backward and downward repositioning of 
the mandible after chin-cup therapy in 30 individuals 
with mandibular prognatism. Previous studies on 
hyoid bone position have suggested a possible cor-
relation between this bone and maxillomandibular 
morphology; however, relationships with the tempo-
ral bone and the SHC have been disregarded [9, 12, 
19]. Therefore, the primary aim of our study was to 
evaluate the association between SHC morphology 
and maxillomandibular position. 

In the present study, no significant differences 
emerged when SHC morphology parameters were 
analysed according to ANB angle (reflecting sagittal 

maxillomandibular relationship) or GoGn/SN angle (re-
flecting vertical mandibular position) (Tables 4 and 6). 
Therefore, we can conclude that maxillomandibular 
relationship and mandibular rotation are not directly 
associated with the SHC. However, although the ANB 
angle is a measure of the interrelation of the mandible 
and maxilla, it does not allow separate analysis of max-
illary or mandibular position/length. Though it is be-
lieved that mandibular rotation generally influences the 
vertical facial dimensions, there may be inconsistency 
between vertical dimensions and mandibular rotation 
in some cases [15]. In fact, the length of anterior skull 
base (S-N) increases from childhood to adulthood [31]. 
The measurements used in our study may be affected 
by nasion position and growth. In addition, it has been 
claimed in previous studies that SHC calcification and 
dimensions may change with age [10, 25]. Therefore,  
a more detailed analysis of the maxillary and mandib-
ular position/length and the vertical dimensions for 
different age groups may yield more accurate results. 

Analysis within the skeletal malocclusion groups 
for gender differences showed that males with class III  
malocclusion have longer SHC on both the right 
and the left sides (Table 5). Previous studies have 
also demonstrated that SHC length may be longer 
in males [6, 14]. However, it is interesting that this 
difference was observed only in class III individuals 
in our study. In a study including 1094 individuals 
with class III malocclusion, Baccetti et al. [3] reported 
pronounced sexual dimorphism, especially after the 
age of 13, with males showing relatively longer man-
dibular, maxillary, and vertical dimensions compared 
to females. Therefore, we believe that the difference 
observed in class III individuals in our study is largely 
attributable to longer mandibular length in males, 
as well as to the more forward position of the hyoid 
bone, and muscle elongation consistent with the 
functional matrix theory. However, as this study did 
not include a separate analysis of mandibular length, 
we cannot reach a definitive conclusion. 

CONCLUSIONS
Awareness of potential anatomic variations in 

SHC morphology is important both in the diagnos-
tic phase and in the success of surgical procedures 
performed in the region. Three-dimensional CBCT 
images enable a detailed evaluation of the SHC. The 
results of this study revealed no significant associa-
tions between the maxillomandibular relationship, 
mandibular rotation, and the SHC. However, among 
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the subjects with skeletal class III malocclusion, SHC 
was longer in men than in women. Further research 
with larger study populations and more angular/linear 
craniofacial measurements are needed to obtain more 
complete and accurate information on this topic. 
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