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Abstract
Purpose: To evaluate the morphological character-

istics of the pterygoid hamulus (PH) using cone beam 
computed tomography (CBCT), assessing its length, 
width, interpterygoid distance, and spatial relation-
ships with the posterior nasal spine (PNS) across differ-
ent age groups and genders.

Materials and Methods: This retrospective study 
analysed CBCT images of 100 subjects (50 males, 50 fe-
males) from various age groups. Measurements includ-
ed PH length and width bilaterally, interpterygoid dis-
tance, distance from PH to PNS, and the angle formed 
between PH and PNS. Statistical analyses were per-
formed to assess differences between sides, genders, 
and age groups.
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Results: Significant bilateral asymmetry was ob-
served in PH length (p<0.001) and width (p=0.003), with 
the right side generally being shorter but wider. Males 
exhibited greater PH width compared to females (p = 
0.002 for the right side). PH length showed age-relat-
ed variations, increasing from under 20 years to 21-59 
years, then slightly decreasing in those over 60. The an-
gle between PH and PNS was significantly larger on the 
left side (p<0.001). Interpterygoid distance remained 
relatively consistent across age groups and genders.

Conclusion: This study provides comprehensive 
morphometric data on the pterygoid hamulus, reveal-
ing significant bilateral asymmetries and gender-re-
lated differences. These findings contribute to the 
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understanding of PH anatomical variations and have 
important implications for various dental and maxil-

Introduction
The pterygoid hamulus, a hook-like bony projection 

of the medial pterygoid plate of the sphenoid bone, 
is a small yet significant anatomical structure in the 
craniofacial region. Located on the posterior aspect of 
the hard palate, this structure serves as an important 
landmark and attachment point for various soft tissue 
components. The hamulus plays a crucial role in the bi-
omechanics of the oral and pharyngeal regions by pro-
viding a pulley for the tensor veli palatini muscle and 
serving as an attachment site for the pterygomandibu-
lar raphe [1].

Despite its small size, the pterygoid hamulus has gar-
nered increasing attention in clinical practice due to 
its potential involvement in various orofacial pain syn-
dromes, including hamular bursitis, elongated hamu-
lus syndrome, and dysphagia. Moreover, its proximity 
to critical neurovascular structures and its relevance 
in surgical procedures, such as cleft palate repair and 
pterygomaxillary disjunction, underscore the impor-
tance of a thorough understanding of its morphology 
and anatomical relationships [2].

Dry skull studies, while historically valuable, have 
inherent limitations that can compromise their ap-
plicability in modern clinical practice [2–4]. These 
studies often rely on a limited number of specimens, 
which may not adequately represent the diverse mor-
phological variations present across different popula-
tions, ages, and sexes. Furthermore, the process of skull 
preparation can potentially alter delicate anatomical 
structures, leading to measurement inaccuracies. The 
static nature of dry skulls also fails to account for the 
dynamic relationships between hard and soft tissues in 
living individuals. In contrast, cone beam computed to-
mography (CBCT) studies offer a more comprehensive 
and accurate approach to craniofacial analysis [5]. 

CBCT allows for non-invasive, in vivo examination of 

anatomical structures in three dimensions, preserving 
spatial relationships and soft tissue context. This imag-
ing modality enables researchers to conduct large-scale 
studies across diverse populations, capturing a wide 
range of anatomical variations and providing more 
representative data. The ability to perform retrospec-
tive analyses on CBCT datasets further enhances the 
statistical power and clinical relevance of these studies. 
Hence, the aim of this study is to evaluate the morpho-
logical characteristics of the pterygoid hamulus using 
cone beam computed tomography, assessing its length, 
width, and spatial relationships with the surrounding 
structures across different age groups and genders, to 
provide comprehensive morphometric data that can be 
clinically applied in dentistry and maxillofacial thera-
peutics for individualised treatments.

Materials and Methods
A descriptive retrospective study was conducted on 

100 CBCT images that were sourced from the archived 
data of subjects who were scrutinised for developmen-
tal anomalies, trauma, implant planning, and pre-surgi-
cal planning of orthognathic surgery, who reported to 
the department from March 2023 to March 2024. Ethi-
cal clearance was obtained from the institutional ethics 
committee for monocentric setting. The volumetric im-
ages produced in the large view modes were generated 
using Planmeca ProMax 3D Mid. Samples were selected 
using a convenient sampling method, assuming an ab-
solute precision of 5% and a confidence level of 95%. 

Inclusion criteria:
 �Ideal coronal section of optimum diagnostic CBCT 
images of pterygoid hamulus and closely associated 
structures.
 �Patients who underwent full face or midface CBCT 
evaluation for: 

lofacial procedures, potentially enhancing diagnostic 
accuracy, treatment planning, and surgical outcomes.
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 mixed dentition analysis, 
 maxillary and mandibular arch pathologies, 
 �Pre and post treatment evaluation for maxillofa-
cial implant placement and orthodontic treatment

 �pre-surgical planning for orthognathic surgery, and 
 �trauma involving the maxilla as well as the man-
dible.

Exclusion criteria:
 �CBCT of coronal images does not clearly depict the 
base of the skull, especially the pterygoid hamulus.

 �Images with radiological evidence of developmental 
defects or pathology involving the base of the skull.

 �Inadequate image quality includes images with ex-
posure artefacts, subject artefacts, and inherent ar-
tefacts.

Radiographic images satisfying this inclusion criteria 
were analysed for coronal, sagittal, and 3D-rendered 
images in Planmeca Romexis 5.3 (3D software), The fol-
lowing were the parameters analysed; 

 �Length of the pterygoid hamulus on the right and 
left side (Figure 1A)
 �Width of the pterygoid hamulus on the right and left 
side (Figure 1B)
 �Inter - pterygoid distance (Figure 1C)
 �Distance from pterygoid hamulus to posterior nasal 
spine (PNS) on right and left side (Figure 1D).
 �Angle formed between the pterygoid hamulus and 
the posterior nasal spine (PNS) on the right (Figure 
1E) and left side (Figure 1F). 

 
Statistical Analysis:
Statistical analysis was carried out using SPSS version 

22 for both qualitative and quantitative data. Independ-
ent t tests and paired t tests were carried out to find 
sexual morphometrics and any bilateral variance, re-
spectively. An ANOVA test was used to compare the pa-
rameters among different age groups. The demographic 
data was evaluated using descriptive statistics. A p value 
less than 0.05 will be considered statistically significant. 

Figure 1A: Coronal view shows length of PH; 
Figure 1B: shows width of the PH; 
Figure 1C: Shows distance between right and left pterygoid process; 
Figure 1D: Shows distance from pterygoid hamulus to posterior nasal spine;  
Figure 1E and 1F: Shows angle formed between the pterygoid hamulus and the posterior nasal spine
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Results
Descriptive statistics revealed significant dispari-

ties between the genders. The right PH has an average 
length of 20.646 mm in females and 21.982 mm in males, 
while the left PH has an average length of 22.698 mm in 
females and 23.533 mm in males. In females, the right 
PH width is an average of 1.763 mm, while in males it 
is 2.504 mm. The left PH width is 1.746 mm in females 
and 2.063 mm in males. The lengths and angles from 
the PNS to the PH and inter-pterygoid distance, among 
other measurements, exhibit minor variations between 
sexes but generally lie within relatively limited ranges. 
(Table 1)

Descriptive statistics for the pterygoid hamulus across 
age categories shows that right PH length increases from 
19.481 mm in individuals under 20 to approximately 22 
mm in the 21-59 age group, and then slightly decreases 
to 21.662 mm in those over 60. 

The left PH length is lowest in the under 20 group at 
21.073 mm and reaches its maximum at 23.874 mm in 
those over 60. The under-20 group exhibits the greatest 
right PH width at 2.234 mm. The PNS to PH length exhib-
its minor variations, with the 41-59 age group exhibiting 
the highest measurements. 

The right angle of PNS to PH increases with age, from 
47.272 degrees in individuals under 20 to 49.553 degrees 

Table 1: Descriptive statistics between gender and parameters

Parameters Sex Mean Std. 
Deviation Minimum Maximum

Right: length of PH (in mm)
Female 20.646 3.931 13.690 25.910

Male 21.982 3.346 15.780 25.910

Left - Length of PH (in mm)
Female 22.698 3.568 16.100 28.040

Male 23.533 3.820 15.380 28.040

Right - Width of PH (in mm)
Female 1.763 0.824 0.000 3.200

Male 2.504 1.449 0.000 4.800

Left - Width of PH (in mm)
Female 1.746 0.687 0.800 2.800

Male 2.063 1.072 0.600 4.200

Right Length of PNS to PH (in mm)
Female 26.637 3.308 21.200 35.190

Male 26.875 3.074 23.790 35.190

Left Length of PNS to PH (in mm)
Female 25.757 3.543 18.750 35.080

Male 26.472 2.812 22.210 35.080

Right Angle of PNS to PH (in ̊  )
Female 48.147 4.175 40.840 58.010

Male 48.917 3.531 43.240 58.010

Left Angle of PNS to PH (in ̊  )
Female 50.689 6.033 35.650 56.640

Male 51.598 3.425 44.560 56.260

Inter-pterygoid Distance (in mm)
Female 28.426 2.405 25.600 32.400

Male 28.626 2.028 26.000 32.400

Table 2: Descriptive statistics between age group and parameters

Parameters Age Group Mean Std. 
Deviation Minimum Maximum

Right - Length of PH (in mm)

<20 19.481 3.876 13.690 24.730

21-40 22.027 2.875 16.380 25.910

41-59 22.086 4.318 13.690 25.910

>60 21.662 3.092 15.780 25.620
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in those over 60. Across age categories, the inter-ptery-
goid distance remains consistent, ranging from 28.058 
mm to 28.756 mm. (Table 2)

A paired sample t-test was employed to compare the 
measurements of the pterygoid hamulus on the right 
and left sides. The results showed a substantial differ-
ence in the length of the PH between the right and left 
sides (t = -6.802, df = 99, p <.001), with the right side be-

Table 2: Descriptive statistics between age group and parameters

Parameters Age Group Mean Std. 
Deviation Minimum Maximum

Left - Length of PH (in mm)

<20 21.073 3.948 15.380 28.040

21-40 23.880 3.227 15.380 28.040

41-59 23.637 3.654 16.100 28.040

>60 23.874 3.365 15.380 28.040

Right - Width of PH (in mm)

<20 2.234 1.268 0.000 4.800

21-40 1.980 1.436 0.000 4.800

41-59 2.108 0.912 0.500 4.020

>60 2.213 1.305 0.000 4.800

Left - Width of PH (in mm)

<20 2.056 1.041 0.800 4.200

21-40 1.865 1.048 0.600 4.200

41-59 1.846 0.690 0.900 2.800

>60 1.852 0.852 0.600 4.200

Right - Length of PNS to PH (in mm)

<20 26.517 3.389 21.200 35.190

21-40 26.448 2.579 23.790 35.190

41-59 27.203 3.855 21.200 35.190

>60 26.855 2.883 23.790 35.190

Left - Length of PNS to PH (in mm)

<20 24.821 3.420 18.750 35.080

21-40 26.463 2.308 22.210 35.080

41-59 26.680 4.160 18.750 35.080

>60 26.495 2.371 22.210 35.080

Right - Angle of PNS to PH (in ̊  )

<20 47.272 4.243 40.840 58.010

21-40 47.921 3.062 43.240 58.010

41-59 49.382 4.503 40.840 58.010

>60 49.553 3.181 43.240 58.010

Left - Angle of PNS to PH (in ̊  )

<20 49.442 6.319 35.650 56.640

21-40 52.371 3.293 44.560 56.640

41-59 51.140 5.960 35.650 54.130

>60 51.620 2.829 44.560 56.260

Inter-pterygoid Distance (in mm)

<20 28.756 2.431 25.600 32.400

21-40 28.058 1.995 25.600 31.000

41-59 28.577 2.123 26.000 31.600

>60 28.714 2.352 26.000 32.400

ing shorter. The right side of the PH was substantially 
wider (t = 3.051, df = 99, p = 0.003). 

In addition, the length of the PNS to the PH varied 
significantly between the two sides (t = 2.811, df = 99, 
p = 0.006), with the right side being longer. Similarly, 
the angle between the PNS and PH was substantially 
different (t = -6.204, df = 99, p <.001), with the right side 
exhibiting a shortened angle. (Table 3 and Figure 2)
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An independent sample t-test showed that males had 
wider PH measurements than females, with a significant 
difference in the width of the PH on the right (t = -3.143, 
df = 98, p = 0.002) and left sides (t = -1.759, df = 98, p = 
0.082). Conversely, no substantial disparities were iden-
tified in the length of the PH or the distance from the 

Figure 2: Paired Sample t - test for bilateral variance in 
pterygoid hamulus

Figure 3: Independent t test for variance in male and 
female

Table 3: Paired sample t test 

Doppler Indices t df p

Right - Left : Length of PH (in mm) -6.802 99 < .001

Right - Left : Width of PH (in mm) 3.051 99 0.003

Right - Left : Length of PNS to PH (in mm) 2.811 99 0.006

Right - Left: Angle of PNS to PH (in ̊  ) -6.204 99 < .001

Table 4: Independent Samples T-Test (Sex VS Parameters)

Doppler Indices t df p

Right - Length of PH (in mm) -1.829 98 0.070

Left - Length of PH (in mm) -1.130 98 0.261

Right - Width of PH (in mm) -3.143 98 0.002

Left - Width of PH (in mm) -1.759 98 0.082

Right Length of PNS to PH (in mm) -0.373 98 0.710

Left Length of PNS to PH (in mm) -1.117 98 0.267

Right Angle of PNS to PH (in ̊  ) -0.995 98 0.322

Left Angle of PNS to PH (in ̊  ) -0.927 98 0.356

Inter-pterygoid Distance (in mm) -0.450 98 0.653

PNS to the PH between the sexes. Similarly, the angles of 
PNS to PH and inter-pterygoid distance did not exhibit 
significant differences between males and females. The 
results of these studies indicate that the pterygoid ham-
ulus width varies between sexes, but other parameters 
are comparable. (Table 4 and Figure 3)



33

H  RJMorphological Characterization of the Pterygoid Hamulus Using Cone Beam Computed Tomography, p. 27-36

VOLUME 10 | ISSUE3

Table 5, showing ANOVA results for age groups ver-
sus various parameters, shows significant differences 
across age groups for all measured parameters. The 
F-value is 2.968, and the p-value is 0.036. The sum of 
squares for the right PH length is 114.608. The F-value 
is 3.687, and the p-value is 0.015. 

The sum of squares for the left PH length is 140.104. 
However, the PH dimensions on both sides, as well as 

the distances and angles from the PNS to the PH, do not 
demonstrate any significant differences, with all p-val-
ues exceeding 0.05. For example, the p-value of the 
right PH width is 0.884, whereas the p-value of the left 
PH width is 0.824. 

The inter-pterygoid distance does not exhibit a sig-
nificant variation, as evidenced by a p-value of. 0.671. 
(Table 5 and Figure 4)

Figure 4: ANOVA test to compare the parameters across the age group.

Table 5: ANOVA- Age Groups VS Parameters

Parameters Sum of 
Squares df Mean 

Square F p

Right - Length of PH (in mm) 114.608 3 38.203 2.968 0.036

Left - Length of PH (in mm) 140.104 3 46.701 3.687 0.015

Right - Width of PH (in mm) 1.015 3 0.338 0.218 0.884

Left - Width of PH (in mm) 0.767 3 0.256 0.302 0.824

Right Length of PNS to PH (in mm) 9.026 3 3.009 0.291 0.832

Left Length of PNS to PH (in mm) 56.459 3 18.820 1.884 0.137

Right Angle of PNS to PH (in ̊  ) 93.147 3 31.049 2.149 0.099

Left Angle of PNS to PH (in ̊  ) 115.692 3 38.564 1.636 0.186

Inter-pterygoid Distance (in mm) 7.748 3 2.583 0.518 0.671
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Discussion
The ontogenesis of the pterygoid hamulus, an osse-

ous projection of the medial pterygoid plate, is intrin-
sically linked to its multifaceted clinical significance. 
This structure undergoes a complex developmental 
trajectory, initiating as a cartilaginous precursor in 
the foetal period and progressively ossifying through 
childhood and adolescence. The hamulus's morpho-
genesis is influenced by both genetic factors and bio-
mechanical stresses, particularly those exerted by the 
tensor veli palatini muscle. This developmental process 
culminates in the formation of a structure that serves 
as a critical fulcrum for palatal function and cranio-
facial biomechanics [6]. The clinical ramifications of 
hamular development are manifold: aberrations in its 
morphology or position can precipitate various orofa-
cial pain syndromes, including hamular bursitis and 
neuralgia [7]. 

Moreover, the hamulus's role as an attachment point 
for the pterygomandibular raphe underscores its im-
portance in maintaining proper oral and pharyngeal 
function [2]. In the realm of orthodontics and orthog-
nathic surgery, a comprehensive understanding of ha-
mular development is paramount for accurate treat-
ment planning and prognostication, particularly in 
cases involving maxillary expansion or advancement. 
Furthermore, the hamulus's proximity to critical neu-
rovascular structures necessitates a thorough appre-
ciation of its developmental variations in the context 
of regional anaesthesia and surgical interventions in 
the posterior maxillary region. Thus, the developmen-
tal trajectory of the pterygoid hamulus is inextricably 
linked to its diverse clinical implications, emphasising 
the need for continued research into its morphogenesis 
across different populations and age groups [8].

Length of Pterygoid Hamulus:
The present study reveals asymmetry in pterygoid 

hamulus (PH) length between the right and left sides 
across different age groups. The right PH exhibits 
greater length in individuals aged 20-59 years, with a 
slight reduction observed in those over 60. Converse-
ly, the left PH demonstrates minimal length in subjects 
over 20 years old, reaching its apex in the elderly co-
hort. Extant literature presents conflicting data regard-
ing age-related PH length alterations. Putz and Kroy-
er's investigation of a German population suggested 

PH elongation until maturity, followed by dimensional 
stability throughout life [9]. In contrast, Krmpotić-Ne-
manić et al.'s findings in a Croatian population align 
more closely with our results, indicating a progressive 
increase in PH length from childhood to adulthood, fol-
lowed by a significant reduction in elderly subjects [10]. 
They posit that adult PH elongation may be attributed 
to buccopharyngeal raphe attachment and masticatory 
stress. The authors further hypothesise that PH elon-
gation in children ceases upon reaching the buccinator 
crest, while senescent PH shortening may result from 
edentulism and a consequent reduction in mechanical 
stress [10].

Width of the Pterygoid Hamulus:
The width of the pterygoid hamulus is a crucial mor-

phometric parameter in dentistry and maxillofacial 
surgery, influencing the efficacy of surgical interven-
tions, denture fit, and orthodontic assessments [11]. PH 
width variations can impact denture comfort, ortho-
dontic treatment planning, and surgical complexity. 
Notably, increased PH width may predispose to hamu-
lar bursitis [12]. This study represents the fourth CBCT-
based analysis of PH width, contributing to the limited 
existing literature. While Orhan et al. reported no sig-
nificant bilateral differences in PH width, our findings 
reveal statistically significant asymmetry, with the 
right PH demonstrating greater width and age-relat-
ed increases [13]. This contrasts with Romoozi et al.'s 
observations of bilateral age-related width reduction 
[14]. The aetiology of increased PH width may be mul-
tifactorial, encompassing developmental variations, 
mechanical stress, prolonged mastication, ossification 
disparities, pathological processes, and post-traumatic 
remodelling [15]. 

�Angle formed by the Pterygoid Hamulus to the 
Posterior Nasal Spine:
This study reveals significant bilateral asymmetry in 

the angle formed between the pterygoid hamulus (PH) 
and posterior nasal spine (PNS), with a larger angle ob-
served on the left side (51.59°) compared to the right 
(48.91°). Gender-based differences were found to be 
negligible. These findings contrast with Orhan et al.'s 
study, which reported no significant bilateral differ-
ences and smaller angles (left: 33.4°, right: 34.3°) [13]. 
Unlike Orhan et al.'s observations of symmetrical PNS-
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PH distances, our study demonstrates significant bilat-
eral variation, with greater length on the right side. The 
precise understanding of PH-PNS angular and linear re-
lationships is critical for various surgical procedures, 
particularly in addressing velopharyngeal insufficien-
cy [16]. For instance, the velo-uvulo-pharyngeal lift 
procedure, utilised in snoring management, relies on 
accurate knowledge of these anatomical relationships 
for successful soft palate manipulation and anchoring 
[17]. Anatomical variations in these structures may sig-
nificantly impact surgical outcomes, underscoring the 
importance of comprehensive preoperative assessment 
and population-specific morphometric data in maxillo-
facial and otolaryngological interventions.

Interpterygoid distance:
The inter-pterygoid distance is a critical metric in 

surgical planning for obstructive sleep apnea syndrome 
(OSAS), delineating the span between pterygomandib-
ular ligaments and the lateral boundary for pharyngo-
plasty. Kuzucu et al.'s investigation of 74 OSAS patients 
revealed mean inter-pterygoid distances of 30.18 ± 
1.28, 30.38 ± 2.26, and 28.35 ± 0.82 mm for mild, moder-
ate, and severe OSAS, respectively [18]. Their findings 
indicated a statistically significant reduction in in-
ter-pterygoid distance in severe OSAS cases compared 
to mild and moderate presentations. In contrast, our 
study yielded a mean inter-pterygoid distance of 28.52 
± 2.21 mm, with no significant variations observed be-
tween genders or sides. This discrepancy in findings 
underscores the need for further research to elucidate 
the relationship between inter-pterygoid distance and 
OSAS severity across diverse populations, potentially 
informing more tailored surgical approaches and im-
proving patient outcomes. 

Conclusion
In conclusion, this comprehensive morphometric 

analysis of the pterygoid hamulus (PH) utilising cone 

beam computed tomography (CBCT) has yielded signif-
icant insights into its anatomical variations across dif-
ferent age groups and between bilateral structures. The 
study reveals noteworthy asymmetries in PH length, 
width, and angulation relative to the posterior nasal 
spine, contributing valuable data to the limited exist-
ing literature on this clinically significant structure. 
Our findings underscore the dynamic nature of PH 
morphology throughout the lifespan, potentially influ-
enced by factors such as masticatory stress, ossification 
patterns, and age-related changes. The observed varia-
tions in PH dimensions and spatial relationships have 
profound implications for various dental and maxillo-
facial procedures, including denture fabrication, or-
thognathic surgery, and the management of orofacial 
pain syndromes. Furthermore, the study's examination 
of inter-pterygoid distance provides crucial data for 
surgical planning in obstructive sleep apnea syndrome 
(OSAS) interventions. While our results occasionally di-
verge from previous investigations, these discrepancies 
highlight the necessity for population-specific morpho-
metric analyses and standardised imaging protocols. 
The limitations of sample size and specific CBCT param-
eters in this study emphasise the need for larger-scale, 
multi-centric investigations to establish more compre-
hensive normative data. Ultimately, this research con-
tributes to the growing body of knowledge on PH mor-
phometrics, potentially enhancing diagnostic accuracy, 
treatment planning, and surgical outcomes in various 
fields of dentistry and maxillofacial surgery. R
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